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Series Foreword – Techniques in Plantation Science



Verdant Bioscience, Singapore (VBS) is a company established in October 2013 with a vision to develop high-yielding, high-quality planting material in oil palm and rubber through the application of sound practices based on scientific innovation in plant breeding. The approach is to fuse traditional breeding strategies with the latest methods in biotechnology. These techniques are integrated with expertise and the application of sustainable aspects of agronomy and crop protection, alongside information and imaging technology which not only find relevance in direct aspects of plantation practice but also in selection within the breeding programme. When high-yielding planting material is allied with efficient plantation practices, it leads to what may be termed ‘intensive sustainable’ production. At the same time, the quality of new products is refined to give more specialised uses alongside more commodity-based oil production, thus meeting the market demands of the modern world community, but with a minimal harmful footprint. An essential ingredient in all this is having sound and practical protocols and techniques to allow the realisation of the strategies that are envisaged.

To achieve its aims, VBS acquired an Indonesian company called PT Timbang Deli Indonesia, with an estate of over 970 ha of land at Timbang Deli, Deli Serdang, North Sumatra, Indonesia, and the group works under the name of ‘Verdant’. A central part of this estate, which will be used for important plant nurseries and field trials, is the development of the Verdant Plantation Science Centre (VPSC), to which the operational staff moved in October 2016. A seed production and marketing facility is now established at VPSC for commercial seed sales and the processing of seed from breeding programmes. The centre comprises specialised laboratories in cell biology, genomics, tissue culture, pollen, soil DNA, plant and soil nutrition, bunch and oil, agronomy and crop protection. Field facilities include extensive nurseries, seed gardens and trials (trial sites are also located at various places across Indonesia). It is the aim of the company to use its existing and rapidly developing intellectual property (IP) to develop superior cultivars that not only have outstanding yield but are also resistant to both biotic and abiotic stresses, while at the same time meeting new market demands. Verdant not only develops and supplies superior planting materials but also supports its customers and growers with a package of services and advice in fertiliser recommendations and crop protection. This is all part of a central mission to promote green, eco-friendly agriculture.

Brian P. Forster and Peter D.S. Caligari

Lead Scientist and Science Strategy Director

Verdant Bioscience
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Preface





As noted in the foreword to this series, a central objective in Verdant’s mission is to develop better, more productive and more sustainable cultivars of oil palm, rubber and other plantation crops, particularly through plant breeding. Field testing is an essential component in selecting and developing new varieties with superior performance for yield, quality, pest and disease resistance and in meeting new market demands – for example, specialised oil quality. This manual covers the basic and changing practices such as land preparation, planting and data recording of trials. Field trialling of oil palm includes breeding trials (selection within promising new genotypic combinations or germplasm), particularly by progeny testing to establish new commercial lines and identifying Ganoderma resistant/tolerant material (Ganoderma is the most important disease of oil palm in Southeast Asia, while Fusarium is in Africa). Typically, palms are grown in the field and their performance is monitored, effectively meaning that selection is largely based on phenotype. Oil palm breeding is now moving into the genomics era and selection based on genotype will play an increasingly important role – for example, DNA markers are now available for important traits such as shell thickness and fruit colour. This means that these traits can be selected prior to field trialling, thus saving space, time and costs. However, the ‘acid test’ is, and always will be, performance in the field. The efficiency and effectiveness of the selection will be seen in the improvements in the resulting cultivars which, as they are adopted by commercial plantations, will help in sustainability goals by giving more oil product per planted ha. This, combined with better disease resistance, will mean more yield from existing areas and less pressure for new land. This manual forms part of a series in ‘Techniques in Plantation Science’, and fits ‘in between’ Nursery Practices in Oil Palm and Seed Production in Oil Palm. It follows on from Crossing in Oil Palm. Our target audiences are plant breeders, planters, students and researchers in oil palm agriculture, along with plant breeders and end-users interested in the practicalities of producing high quality oil palm planting materials for breeding and commercial production.

 

Brian P. Forster and Peter D.S. Caligari
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Abstract

Field testing – trialling – of oil palm is subject to many factors, chief among them being the basic biological features of the crop (it is a long-lived perennial) and the traits to be assessed (mainly yield, thus mature palms need to be produced). Trialling is the next step after breeders have produced progeny from deliberate crosses, and this in turn is dependent upon the genetic variation available to the breeder (see Setiawati et al., 2018, this series). Trialling allows the selection of progenies and palms based on field performance, and these can then be promoted to variety status and commercial production (see Kelanaputra et al., 2018, this series). Oil palm, Elaeis guineensis, is the world’s most important oil crop. Although it has been used to some extent as a food since ancient times in its centre of origin (West Africa), it is a relatively modern crop, with Southeast Asia now being the main production region. A brief history of the development of the oil palm crop (significant dates and eras) is given. Improvement of the crop through breeding and trialling is relatively recent, with beginnings in the early 20th century. Since breeding is dependent upon access to traits of interest, germplasm collections from the centre of origin have been made. In addition, variation is being produced by mutation induction and selection (see Nur et al., 2018, this series). Thus, oil palm breeders have access to a rich germplasm base and can create progenies which combine novel traits (e.g. disease resistance) with traditional traits (e.g. thin-shelled fruit type), which then need to be tested in field trials.




1.1 History of Oil Palm Cultivation and Crop Facts


Oil palm (Elaeis guineensis Jacq) is a species of the humid tropics; the centre of diversity of the species is West Africa, but semi-wild and cultivated forms are found in other parts of Africa, Southeast Asia and South America. Oil palm is the highest yielding of all oil-bearing crop plants – for example, oil palm produces 11 times higher yields per land area than soybean, the second highest oil crop plant. Oil is extracted from the oil palm fruit, from both the fleshy mesocarp and the kernel.

Oil palm’s Latin genus name is derived from the Greek word elaion meaning ‘oil’ and the species name indicates its West African origins in and around Guinea. The crop first came to the attention of the outside world due to travellers to Africa in the 15th century (see Corley and Tinker, 2015 for more details on the history of oil palm). The first plantings in Indonesia, which led to its rise in importance to become the world’s top oil crop, did not occur until the late 19th century. Large-scale plantations were established in the early 20th century in both Africa and Southeast Asia. Initial plantations were composed of dura palms which are characterised as having thick-shelled fruits (Fig. 1.1a). In the 1920s the first crosses were made in deliberate attempts to improve the crop through plant breeding, and in the 1950s–1960s the more productive tenera types took over as the favoured commercial material both in Africa and Southeast Asia. Tenera genotypes are thin-shelled (Fig. 1.1b) and have thick oil-bearing fruit flesh that yields 30% more oil than dura fruit forms. Tenera (thin-shelled) types are produced from deliberate crossing of dura (thick-shelled) and pisifera (no shell) parents (Fig. 1.1). Thus, artificial crossing became an essential and major component in commercial oil palm seed production as well as in breeding.
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Fig. 1.1.
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