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Abstract of thesis presented to the Senate of the Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy. 

DESIGN AND DEVELOPMENT OF SRI SINGLE SEEDLING 
TRANSPLANTING IMPLEMENT WITH SEEDLINGS IN SEMI-DRIED CLAY 

MEDIA  

By 

USMAN BASHAR ZUBAIRU 

September 2016 

Chairman  : Aimrun Wayayok, PhD 
Faculty  : Engineering 

In rice production, seedling quality and transplanting potentials stand as a 
prerequisite for the proper completion of rice production operations in securing 
optimum yield. The overall objective of this research was to develop a 
transplanting implement capable of placing rice seedling singly into the field by 
dropping through a gated opener with respect to SRI planting and spacing 
conditions deprived from the existing methods of picking fingers by the 
conventional transplanting machines. It has been built with the aim of using 
seedlings established from SRI-tray of 924 separated growing cavities. It was 
designed with adjustable spacing options on both within and between rows of 
25 cm, 30 cm and 40 cm respectively in order to suite intending SRI 
practitioners preference. Accordingly, it has been set to provide nine SRI 
spacing options (25 cm × 25 cm, 25 cm × 30 cm, 25 cm × 40 cm, 30cm × 30 
cm, 30 cm × 40 cm and 40 cm × 40 cm, respectively). The performance of SRI 
single seedling transplanting implement was evaluated and the measured 
parameters were suitable growing media, planting speed, percentages of single 
seedling placement per hill, missing hills and multiple planting. Others include 
turning head, loading time, angle of repose, field capacity and field efficiency. 
The planting data indicated that speed of operation run at 0.18 m/s reported 
high significance percentage of single seedling per hill when subjected to 
spacing patterns of 25 × 35 cm (84%), 25 × 25 cm (81%), 30 × 30 cm (73%) 
and 40 × 40 cm (83%) but decreased with the increasing speed of 0.45 m/s as 
53%, 56% and 72%; thus surprising stability on 40 × 40 cm of 83%. The results 
obtained on growing media revealed that clay with compost had the highest 
significance with respect to the weight of seedling (25.3 g) giving the loosening 
index of 66 seconds and the planting depth of 16 mm when transplanting in the 
field. The results obtained from field capacity and field efficiency revealed that 
when the tractor was maintained to 0.18 m/s, the field capacity and field 
efficiency reported the values of 1.29 ha/hr and 79.5%, respectively but when 
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the speed was fixed or increased to 0.45 m/s these values changed to 1.55 
ha/hr and 75%. 
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Abstrak tesis yang dikemukakan kepada Senat Univaersiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah  

REKABENTUK DAN PEMBANGUNAN IMPLEMEN JENTANAM ANAK 
BENIH TUNGGAL SRI YANG DISEMAI DALAM MEDIA LIAT SEPARA-

KERING 

Oleh 

USMAN BASHAR ZUBAIRU 

September 2016 

Pengerusi  : Aimrun Wayayok, PhD 
Fakulti  : Kejuruteraan  

Dalam pengeluaran beras, kualiti anak benih dan potensi pemindahan menjadi 
syarat utama bagi operasi pengeluaran beras untuk mendapatkan hasil yang 
optimum. Objektif keseluruhan kajian ini adalah untuk membangunkan 
implemen pemindahan yang mampu meletakkan anak benih padi secara 
tunggal ke sawah dengan menjatuhkan melalui pembukaan pintu penanaman 
mengikut jarak yang disyaratkan oleh SRI berbanding kaedah yang sedia ada 
iaitu mesin pemindahan konvensional yang berbentuk jari pemetik. Ia telah 
dibina dengan tujuan untuk menggunakan benih yang telah dibesarkan 
daripada dulang SRI -yang mempunyai 924 ruang lubang yang berasingan. Ia 
telah direka dengan pilihan jarak yang boleh dilaraskan pada kedua-dua jarak 
di dalam dan di antara baris iaitu 25 cm, 30 cm dan 40 cm masing-masing 
untuk memenuhi hasrat pengamal SRI. Dengan itu, ia dapat menyediakan 
sembilan pilihan jarak tanaman SRI (25 cm × 25 cm, 25 cm × 30 cm, 25 cm × 
40 cm, 30 cm × 30 cm, 30 cm × 40 cm dan 40 cm × 40 cm, masing-masing). 
Prestasi implemenpemindahan anak benih tunggal SRI telah dinilai dan 
parameter yang diukur adalah media tanaman yang sesuai, kelajuan 
penanaman, peratusan penempatan anak benih tunggal pada setiap rumpun, 
rumpun hilang dan penanaman anak benih yang berbilang. Lain-lain parameter 
termasuk pusingan kepala, tempoh masa muatan, sudut terbaring, keupayaan 
ladang dan kecekapan ladang. Data penanaman menunjukkan bahawa pada 
kelajuan operasi 0.18 m / s melaporkan peratusan anak benih tunggal setiap 
rumpun adalah tinggi dengan ketara apabila ditanamkan pada jarak 25 × 35 cm 
(84%), 25 × 25 cm (81%), 30 × 30 cm (73%) dan 40 × 40 cm (83%) tetapi ia 
menurun apabila kelajuan semakin meningkat iaitu 0.45 m / s sebanyak 53%, 
56% dan 72%; kestabilan itu mengejutkan pada 40 × 40 cm iaitu sebanyak 
83%. Keputusan yang diperolehi dari media pertumbuhan mendedahkan 
bahawa tanah liat dengan kompos mempunyai berat anak benih (25.3 g) ayng 
amat tinggi dengan ketara, ia memberi indeks lepasan sebanyak 66 saat dan 
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kedalaman penanaman ialah 16 mm apabila dipindah ke ladang. Keputusan 
yang diperolehi daripada keupayaan ladang dan kecekapan ladang 
mendedahkan bahawa apabila traktor dikekalkan kelajuan pada 0.18 m / s, 
keupayaan ladang dan kecekapan ladang dilaporkan nilainya ialah 1.29 ha / 
jam dan 79.5% masing-masing, tetapi apabila kelajuan ditetapkan atau 
ditingkatkan kepada 0.45 m / s nilai-nilai ini berubah kepada 1.55 ha / jam dan 
75%. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
1.1   Background 
 
Rice (Oriza Sativa L.) in Asia or (Oriza Glaberrima) in Africa stands as a staple 
food to most of the world’s human population with the highest consumption in 
the Asian region. It is classified as the third – highest worldwide production 
after Sugarcane and Maize (FAOSTAT, 2012). Research has indicated that, it 
is good source of protein and also plays a vital role in nutrition to much more 
number of world populations with significant figure in Asia, Latin America and 
Africa (Brown & Funk, 2008; Bruinsma, 2009; FAO, 2012; Godfray et al., 2010). 
According to FAOSTAT (2012), this versatile crop represents a central food 
security to over half of the world populations. 
 
 
Despite all these advantages on rice, the issues of food security and climate 
change with respect to current population growth are becoming a major 
concern to the plurality of the researchers in finding ways of converting the 
unpredicted menace in order to meet the global rice demand. Moreover, the 
findings of FAO (2014) revealed that the total growing area dedicated to rice 
worldwide has been estimated as 162.3 million hectares in 2012 with an annual 
production of 738.1 million tons. Out of this figure over 90% (612 million tons) 
comes from Asian countries produced on 143 million hectares with China 
holding the first position and seconded by India having an annual estimate of 
157 million tons but still could not meet the world demand and the possibility of 
increasing or expanding the paddy growing area in the near future is becoming 
difficult and limited due to urbanization and climate change.  Furthermore, 
World Population Datasheet (2012) indicated that world population is 
increasing rapidly with higher significance in developing countries than 
developed ones. Likewise, FAO (2012) estimated that a total of 870 million 
people worldwide were undernourished (in terms of dietary energy) between 
2010 and 2011. This figure represents 12.5% of the global population or one in 
eight people. Out of these, 852 million live in developing countries, where the 
prevalence undernourishment is now estimated at 14.9% of the population. 
Moreover, an estimation of 25% of world food production may likely be at lost 
by 2050 as result of climate change, water scarcity and land degradation; 
thereby rendering 10 to 20% of the world’s growing population into hunger 
(UNEP, 2011).  
 
 
Therefore, having these unwanted challenging situations in minds, the 
Malaysian Government brought out a program in 2008 tagged “100% Self 
Sufficiency Level (SSL) in Rice by 2015” with the primary aim of balancing the 
gap between the production and the population demand. Achieving these 
challenging objectives can only be possible through the creation of modern 
techniques for ameliorating the production yield which is proportional to the 
seedling quality and transplanting pattern. Therefore, these techniques require 

1 
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improvement on the current seedling transplanting practices to suite the full 
mechanization SRI transplanting and spacing standards.  
 
 
The advert of the System of Rice Intensification popularly known as (SRI) was 
first introduced and /or noticed in Madagascar by a French Researcher Fr. 
Henri de Laulanié more than 30 years ago, that has now proven to be one of 
the most recent agricultural innovations that modify certain practices for 
managing plant, soil, water and nutrients. It is also a system that relooks into 
most of the researchers’ ideology on the yield whose common notion was 
based on high investments on seeds, irrigation, high doses of fertilizers and 
pesticides in order to boost rice yield. This new integrated crop management 
practice can raise not only the productivity of the land, labor, water but also that 
of capital invested in irrigated rice production (Lalanie’, 2003; Uphoff et al., 
2010). Consequently, it is a system that aims at improving primarily the 
productivity of land and water with regards to labor and capital as compared to 
the commonly known flooded rice production. According to Uphoff et al. (2011), 
the SRI is gaining momentum and credence as probably over 500,000 farmers 
are now using this method in raising their rice production, thereby reducing 
external inputs and production costs. Successful application of SRI indicated an 
increase in production by 50 – 100% or even more thereby saving irrigated 
water use between 25 – 50% with a credible saving of 80 – 90% of seeds and 
also relying more on organic matter rather than chemical fertilizers. 
 
 
In rice production, the quality of the seedling and farmers’ transplanting skills 
(spacing and seedling number per hill) play a paramount objective in promoting 
optimum yield. Despite some researchers agitation that the yield of rice can 
only be increased with increase in fertilizer application, but this philosophic 
ideology is now getting gradual contradicting challenges with the advent of the 
System of Rice Intensification (SRI) techniques/ innovations by changing the 
management of the plants, soil, water and nutrients utilized in paddy rice 
production. Specifically, it involves the transplanting of single but young and 
delicate seedling with wider spacing, carefully and quickly into fields that are 
not kept continuously flooded, and whose soil has more organic matter with 
little or no fertilizer and is actively aerated (Anas et al., 2011; Misha & Uphoff, 
2011; Singh, 2012). These practices not only improve the growth and 
functioning of rice plants root systems but also enhance the number and 
diversity of the soil biota that contribute to plant health and its productivity 
(Kassam, Stoop, & Uphoff, 2011; Mishra & Salokhe, 2011; Randriamiharisoa, 
Barison, & Uphoff, 2006; Stoop et al., 2002). In addition, farmers’ and 
Researchers’ reports have verified that SRI crops are more resistant to most 
pests and diseases, and better able to tolerate adverse climatic influences such 
as drought, storms, hot spells or cold snaps. The length of the crop cycle (time 
to maturity) is also reduced, with higher yields.  
 
 
Therefore, this proposed SRI single seedling transplanting implement for semi-
dried clay seedlings is considered to be one of the recent SRI innovations that 
enhances the placement/planting of exactly one young, delicate but 
undisturbed root and healthy seedling in the puddled field at varying SRI 
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spacing standards. Moreover, much emphasis was put on single seedling 
placing both in the nursery and in the field in order to eventually reduce 
seedling trauma, transplanting shock and damage as well as to promote 
increased productivity. 

1.2 Statement of the Problems 

The requirements of SRI systems are to transplant single seedling at a very 
young age of about 8 to 10 days after seed germination in a nursery with 
innovative spacing of 20 x 25cm, 25 x 25cm, 30 x 30cm or 40 x 40cm or even 
more depending on field topography and soil fertility. Despite all these versatile 
opportunities on SRI-rice production practices, the current techniques of 
seedling transplanting still remain a challenging constrain among SRI 
practitioners as the existing transplanting machines do not accurately respond 
to the full SRI transplanting conditions of single seedling per hill with respect to 
SRI spacing patterns geometry. Although, several attempts were made by 
different researchers on the modification of the existing transplanting machines 
to satisfy full SRI mechanized farming (Chiu & Fon, 2000; Dhananchezhiyan et 
al., 2013; Dixit et al., 2007; Ersson et al., 2011; Hussain et al., 2013) among 
others, but still the problem of multiple planting per hill, noticeable percentage 
of unplanted hills and non-compliance of SRI spacing standards within and 
between rows continue to remain as farmers nightmare. Consequently, the only 
promising practice that accurately tallies with the SRI principles is manual 
transplanting but it engulfs high labor requirement ranging from 180 to 250 
man/hr/ha (Dixit et al., 2007; Farooq et al., 2011; Joshi et al., 2013) and others 
stresses of long hours of bending with bare feet in the puddled field, 
transplanting shock as a result of pulling and less profitable as the resources 
are becoming increasingly scarce among others. Therefore, in order to wipe 
away these existing stresses of manual transplanting as well as reducing the 
transplanting shock experienced by the young rice plant and other hindering 
production costs, the new innovative transplanting implement has been set on 
board and tagged as “SRI single seedling transplanting implement for semi-
dried clay media” to serve as a pathway in addressing issues relating to full 
compliance of SRI planting and spacing mechanization to enhance its 
sustainability.  

1.3 Purpose and Objectives of the study 

The main objective is to mechanize the transplanting of seedling attached to 
specific soil media and the specific objectives are: 

1. To design a transplanting implement with adjustable SRI spacing
pattern for an effective planting standard in the field.

2. To fabricate the most suitable SRI transplanting implement for the
developed SRI tray to plant one seedling per hill in the field.

3. To recommend the most suitable soil media for seedling to be placed
by the transplanting implement.

4. To test the performance of the developed machine in the paddy field at
varying SRI spacing patterns.
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1.4 Scope and limitation 
 
The scope of this research shall be to design, develop and evaluate SRI 
transplanting implement capable of placing single seedling per hill with respect 
to SRI spacing standards using established seedlings from SRI-tray. 
 
 
The limitation shall only be to study on the single seedling transplanting 
implement with seedlings in semi-dried clay to transplant one variety of rice and 
compare the various SRI spacing patterns.   
 
 
The research is only limited to transplanting and observe the establishment 
without going up to yield. 
 
 
1.5 Thesis layout 
 
The thesis was divided into five chapters. Chapter one – Introduction, 
discusses the background on the transplanting implement, its importance, 
applications and adaptability. It discusses also on the problem statement and 
the gap in knowledge from previous works on the transplanting implement, why 
the fundamental research was important, purpose and objectives and then 
scope and limitation of the work. Chapter two presents literature reviewed on 
nursery management, soil-bearing seedling growing media types as well as on 
other transplanting machines although non SRI compliance in terms of planting 
performance and SRI single seedling spacing and also on the current status of 
the mechanized SRI . Chapter three discusses the design and development of 
the SRI transplanting implement, materials and methods used to conduct the 
research from implement development, site clearing and planting performance 
tests with respect to other transplanting machines. Chapter four present results 
and discussions on experiments conducted from nursery management to 
design performance and transplanting. Summary, conclusions and 
recommendations for further works on the SRI single seedling transplanting 
machine implement are presented in chapter five.  
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