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Abstract: In today’s market economy, especially with the advancement of information technology (IT) and information and communication technology (ICT) new developments are transmitted fast. However the technology is normally adopted when the benefits exceed costs. In demonstrating that such advances are for the benefit of sustaining the oil palm industry, new knowledge is constantly reviewed with the existing large pool of knowledge for incorporation in a multidisciplinary manner. Adoption of such new advances is now done more than ever before, in a more integrated, collaborative and systems approach where cross cultural and key players from the industry, academic and R&D institutions are brought together in a holistic way of thinking to usher in a more resource efficient way of life. In reality, the economic benefits are likely to come about from efficient use of inputs and from additional outputs from the plantations.

The paper traces the use of the traditional tools in a diagnostic programme to evaluate and correct potential deficiencies before they actually occur and cause yield losses. The diagnostic procedure involves the analysis of leaf samples of selected palms located at different areas throughout the 25-30 hectare field and the interpretation of the leaf analysis results together with consideration of all production variables like soil, yield, climate etc under a nutrient-balance concept to come up with the best fertiliser recommendation to support the fertilizer management for the field. As the whole field is considered as a homogeneous block for fertilizer application, there arises a desire for greater production efficiency. This has led researchers to evaluate nutrient demands in smaller areas, thus supporting the concept of site-specific management.

Much has been written and tried over the last few years to improve the accuracy and precision on the collection of data, including that of the soil sampling, from the field. Systems like the MESYP (maximum exploitation of site yield potential), PORIM OPENS (Oil Palm Efficient Nutrient System) are advances made in refining the site-specific management. Such studies are undergoing verification in the field. Further, the Malaysian Palm Oil Board has started to investigate with the industry and universities to evaluate an innovative approach called PORIM INFORMS (Innovative Fertiliser Organisational Management System) which divides the field into small units of one hectare each. Such soil sampling on a grid pattern is expected to identify the true variation in soils. Using modern technologies like GIS, GPS and variable rate technology (VRT), the plantations are set to exploit the soil spatial variability. This will also be supported by accurate sampling of oil palm leaf for analysis. The georeferenced yields are then recorded for palms within each of these small one-hectare plots. Regression techniques will be used to fit fertiliser response curves from which optimum rates of NPK and Mg are calculated based on specific needs of each small plot.

This PORIM INFORMS approach is new and much remains to be learned. The aim is to find more answers to improve oil palm productivity. Applying fertilisers according to palm’s needs will lessen environment impact while at the same time increase profitability. The future challenge is to interpret field spatial variability to allow for variable rate technology to be applied without over fertilization yet giving optimum rates for higher profitability.

Introduction

The oil palm removes large quantities of nutrients NPK, Mg and Ca through uptake by palms.1,2 About 192, 26, 251, 61 and 89 kg/ha/year of nutrients NPK, Mg and Ca respectively are taken up based on a production of 25 t/ha/yr of fresh fruit bunches (FFB). Of these 73, 12, 93, 21 and 20 kg/ha/year of nutrients NPK, Mg and Ca respectively are immobilised by the palms. Only about 78, 11, 102, 28 and 60 kg/ha/year of nutrients NPK, Mg and Ca respectively are recycled through the pruned fronds, expended male inflorescences and effluent. The movements of such large quantities of nutrients would require a nutrient management plan, which has to account for the differences, to be supplied as fertilisers to maintain productivity. Most plantation companies have some sort of oil palm yield maximisation production system in place.

Though the production system may vary from place to place, by and large, there are three requirements. Firstly, there is good control of the well drained soil with good surface drainage to avoid possible flooding injury that may result from rain thunderstorms. Secondly, there is maintenance of high fertility with annual fertiliser applications and thirdly, there are wide adoptions of site specific management practices where the management of such specific components within a field is considered important.

The drive towards the move to get away from the use of traditional tools in any diagnostic programme for just evaluating and correcting incipient deficiencies before they actually occur, is due to the realization that actual yield losses have been recorded in palms with lower nutrient levels even before the symptoms of leaf nutrient deficiencies have shown up. Further experimental results consistently have shown that such yield losses could be significant. Further, production losses have been shown to occur in palms even before they express little or no symptoms. This has spurred the plantation managers never to hope to see such symptoms of foliar deficiencies in the fields because if there are symptoms, yield losses have occurred.

The diagnostic procedure, developed over time, has been to take leaf samples from a selected grid of identified palms spread over the entire field of 25 – 30 hectares. The leaf samples are collected and then analyzed without their mid ribs for NPK Mg and Ca values. The leaf analysis results are then interpreted. The traditional foliar analysis results are used to support the recommendation of fertilisers where currently, the whole field is treated as a homogeneous block for fertiliser application. Plant samples taken every year from the same sampled palms can assist the plantation manager to come up with a fertiliser guide-plan for next year’s application. This has served the industry well up to the nineties.

In the new millennium, there are other goals in soil and fertiliser management. There are the environmental protection of soils and water resources. Therefore there is a need to do research to revamp or improve the present production system. Such a call to modernise the industry has been made by Chan.3-7 There are new technologies available.8 This is because there is a direct relationship between higher crop yield and profitability.

This paper examines the transition from the use of the traditional tool of foliar analysis to evaluate and recommend fertilisers to one that now employs modern technologies such as site-specific management programmes to increase productivity. In present day market economy, for any new technology to be normally adopted, the benefits must be demonstrated to exceed that of costs.

The Need for Higher Profits

In oil palm cultivation, profits can be increased by taking into consideration four major factors, viz., (i) achieving results of higher yields, (ii) improving yield of palm oil, (iii) obtaining better marketing skills to convince the importing countries to take more Malaysian palm oil vis-à-vis other competitors’ oils, and (iv) lowering cost of production. In reality, it is likely that profits are increased through a combination of these four factors. Due to the direct relationship between higher crop yield and profit, plantation owners have to keep an eye on several production cost items which include planting material, nutrients, herbicides, harvesting operation and processing so as to ensure that only good quality bunches are going to the mills. There is also the maximum exploitation of the site-yield potential to be followed by marketing of good merchandisable palm oil. In short, achieving higher yield requires careful attention to both agronomic and nutrient needs of the oil palm crop in the environment where it is grown.


Understanding Oil Palm Productivity

For higher crop yield (y), the oil palm absorbs solar energy (s) that is incident on the canopy. As only a fraction (f) of the solar energy intercepted by the canopy is converted to photosynthate. The efficiency of this conversion (e) will determine how much of the fraction (f) of the intercepted light is converted to dry matter for it to be partitioned (p) into economic products of oil and kernel as shown by the equation :



Yield (y) = s x f x e x p
In estimating the yield potential of a site, the limiting factors influencing s, f, e and p need to be assessed. The physiological process of yield formation is shown in Fig. 1.

Basically the incident solar radiation (s) is influenced by the latitude and season which affect the day length, and the presence of clouds. The fractional intercepted light (f) is dependent on leaf area index which is influenced by the presence of pests and diseases that may reduce leaf area. The photosynthesis efficiency is influenced by the relative rate of photorespiration which shows how much is photosynthesised and how much is respired away. The net dry matter is then partitioned (p) to FFB. Very little is currently known about the mechanism controlling the partitioning of dry matter to various competing sinks in the leaves, stems, roots and for maintenance respiration. As oil contains 2.1 times more energy than vegetative dry matter, there is more photosynthate going to bunch dry matter. The bunch, based on energy concept, takes about 57.8% of the dry matter of which oil alone takes 36.3% as against 21.5% for non oil components of stalk and spikelets. Presently very little is known about the requirements by roots and more work is needed to clarify the situation of dry matter going to the roots.

Effect of Site Specific Fertiliser on Vegetative Dry Matter Production and Yield

It is noted that in the oil palm, vegetative dry matter production takes priority over that of yield. Because of this requirement, there is a need to know the production efficiency arising from the nutrient demand of the crop and the amount of FFB exported out of the field. While this nutrient balance approach has provided valuable information on the total overall requirement of the critical nutrients that have been taken out by the FFB crop, there is now a need to rethink whether the palms are still to be applied on per palm basis with the same amount of fertiliser nutrients to supplement what have been taken out for the whole field. In order to maximise the yield potential of the palms in relation to that of the nutrient supplying power of the soil, the economic benefit can be broken down in terms of precision of 


Figure 1. Physiological process of yield formation.7

nutrient requirement for vegetative growth and for yield. To find out what are the likely areas that need more efficient use of the fertiliser inputs, it is proposed that more intensive soil sampling be started to study the soil nutrient variations. In this way, greater FFB output may be obtained from these sites with site-specific fertiliser application. Successful early adopters of such site-specific fertiliser application approach are likely to gain the most because they are learning to produce more than those who continue to apply blanket standard fertilisers. Thus the effect of differentially applied nutrients, in different locations within a field, on the partitioning of dry matter into both oil and non-oil biomass within the bunches must be investigated further 

Use of GIS, GPS and Remote Sensing in site – Specific Fertiliser Mmanagement

In the past, it is not possible to monitor the whole field if there are areas within the field that have to be applied differentially for the site-specific application of fertilisers. Today, generally fields of 20 – 35 ha can be monitored with the use of computerised GPS, and the GIS is used to show spatial data.9,10 It is now technically possible to generate a yield map by the GIS software to display and analyse the available information on soil and topography of a field site.11 

In fact dynamic links can be established between GIS and the agronomy database so that up-to-date maps can be produced for better management, including fertiliser application.12 Some recent advances on these new technologies include the incorporation of digital elevation model (DEM) for site specific management.13 showed that as more and more marginal and hilly areas are brought into cultivation, the need to construct good planting terraces for the growing of oil palm becomes crucial. With further improvement in the technique, it is expected that the use of DEM for planning of planting terraces will improve the computation of site yield potential and at the same time assist plantation companies in producing the soil erosion risk maps.

In fact the industry has moved even one step further by investigating into the potential use of Landsat Thematic Mapper (TM) satellite remote sensing images for managing oil palm estate. Though, currently, there are some difficulties in that it is not possible to diagnose the actual causes of the abnormalities, further work is expected to provide potential information for more precise crop management.14 Better resolution is therefore required as the present 30 m spatial resolution restricts the minimum size detectable to one hectare.

Hence the goal of site-specific management is to treat small plots of land unequally to realise their profit-yielding potential within each plot. It requires the exploitation of a combination of soil, topography, nutrients and moisture characteristics of each small plot. The components of production can now be expanded within these small areas to support and apply site-specific management. With the use of GIS, plantation managers can monitor these small areas within their fields for the application of site-specific management and many of them are applying this new technique successfully. The introduction of the PORIM INFORMS is one bold move to manage such soil nutrient variability.

Need for a Study on the Spatial and Temporal Variation in Soil Moisture and Nutrient Distribution and their Responses to Applied Fertilisers

In the use of the traditional tool of leaf analysis, the soil analysis is often not used to come up with the fertiliser recommendations for the field. Invariably, it is the calibrated yield response curves that are used to derive the recommended rates of fertilisers. In site-specific management, there is a need to have new experiments laid down to calibrate yield responses with both differential nutrient application and soil testing together. The magnitude of response may differ in different sites due to climatic conditions, nutrient management and soil types. To understand this approach is the aim where eventually, it is possible to apply variable rate technology. There is a requirement to have a guidance map to relate the position of equipment for applying differentially fertilisers to the specific area of the field at the prescribed rate. The ability to estimate nutrient values for a particular site in relation to the whole field, i.e. in relation to other sites within the field, the number of sample points for soil analysis will have to be increased. For this reason, a study on the number of sampling points, at least on a one–hectare plot size, is being investigated to understand better the site-specific nutrient management plan.

The sampling of such one-hectare plot is to look at the limits of the cost/benefit relationship on the intensity of soil sampling as compared with that of one soil sample taken for the whole field previously. The potential advances arising from this type of study are expected to be as follows :-

Firstly, more areas, requiring fertilisers will not be determined accurately if there is only one or two sampling points for the whole field as against 30 - points for a 30-hectare field. 

Secondly, with the better assessment of soil nutrient status of the field, there is a less likely chance for missing out areas which require higher rates of fertiliser application.

Thirdly, once a field is properly analysed according to the results of these sampling points, it is possible to arrive at the spatial correlation of the soil nutrient values between these points.

Fourthly, if the points are correlated, then it is easy to interpret between points. However, on the other hand, if the points are not well correlated and accurate interpretation between points is not possible, then they should be treated as independent values.

The above suggestions form part of the technology development that is now being jointly proposed by MPOB, MACRES (Malaysian Centre of Remote Sensing) Industry and Universities to improve the several aspects of site-specific crop, soil and fertiliser management. The objective is to develop a mechanism whereby expert knowledge is assembled in a timely fashion to improve the site-specific management in the following areas :-

· Getting into the specifics of site-specific management

· Interpreting Remote Sensing Data in relation to leaf canopy, yield and soil data.

· Monitoring the soil variation through the GIS tool to exploit the soil variability.

Expected Benefits from Such Joint Study

With georeferenced yields being recorded on individual palms within each of these one hectare plots, it is expected that the regression techniques to be used can fit fertiliser response curves within these small regions comprising a number of groups of yield segments.

From these response curves, the optimum rates of NPK and Mg are derived based on specific needs of each small one-hectare plot.

The economic analysis should use current prices specific to each of the fertilisers NPK and Mg while the cumulative profitability is based on the price of palm oil and the rates of fertilisers application computed for each one hectare plot.

In this way, the profitability of the ideal site-specific recommendation can then be compared with that of the traditional application of a homogeneous single rate to the whole field.

Other Benefits

The above approach is intended to advance the site-specific management further when using the modern GIS, GPS and RS tools to georeference the yield. While it is possible to arrive at the variable rate technology, the other benefits of this technology development work are:

i)
Social benefits: It is expected that when small plots are being investigated, there is a social impact of this type of research in that the results will find application to the smallholders. While the big estates can benefit from economy of scale that comes from larger operations, the small holders can also benefit to share the economies of scale through hiring tractors to apply variable rate by working an a cluster of smallholders or working with cooperatives.

ii)
Environmental Impact: The principal environmental problem with agriculture includes that of water, air and food quality, and natural resource depletion. Conventional blanket application of fertilisers means excessive application on some areas and inadequate application on the other areas within the field. Application in excess of palm uptake will subject the fertilisers to both surface wash and also to leaching into ground water. It is believed that with site-specific fertiliser management there is less fertiliser nutrient run-off and leaching. With sensor on tractors and better mapping with GPS and GIS, better-tailored types, quantities and rates of fertilisers applications are possible to be applied.

Conclusion

Site-specific fertiliser management when properly implemented is likely to raise land productivity, decrease fertiliser wastage, and less environmental degradation.

The approach proposed here may be new but much remains to be learned and more experiments are recommended to be carried out to seek more answers to improve the future of oil palm productivity.

The benefit of this type of advanced study of the site-specific management is to apply palms with the required amount of fertilisers, lessen environmental impact and yet has the potential to raise yield and profitability.

The future challenge is to interpret and exploit field spatial nutrient variability to achieve more profitable rates without over fertilisation.
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