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Abstract
The perception of precision farming system is different in the developed and developing countries. Farmers in developed countries have taken advantages of advanced technologies, including information technologies for better management of farm inputs on a smaller scale than the whole field. This site-specific management can be realized to improve productivity, efficiency and reduce environmental impact; based on the incorporation of five technologies: Global positioning system (GPS), remote sensor, geographic information system (GIS), variable-rate technology (VRT) and yield monitor. Precision farming is relatively new and slowly adopted in the US, Europe, Australia…. Although its cost benefit is still questioned, the system has been adopted by many large-scale farms with high value crops. The system’s skills and information collection and management need further improvement.
In the developing countries, farmers can implement the concept of precision farming system with their own means and knowledge to increase economic returns and reduce environmental risks, based on extension workers’ recommendations. They are encouraged to use integrated crop management system (ICMS) that is similar to the Australian Rice check to narrow yield gaps as well as to reduce rural poverty. This system is an integrated production tool, helping small farmers to apply farm inputs at the right amount and the right time, reducing production costs and improving profits. Land fragmentation is very common in rice production system in Asia and Africa; hence field variability is little and site-specific approach in the ICMS framework is not essential to small farmers who often have a few hectares or less per family. However, on the regional basis, agricultural administrators and researchers should consider using modern technologies of precision farming such as GPS, GIS and yield maps to better formulate recommendations for more specific location in the region and to detect pest occurrence, drought and flash flood spots, and yield maps for appropriate resource managements. Small farmers should gain benefits from the information technology age.
1.
INTRODUCTION

Precision farming has emerged in many countries since the early 1990s under different forms, depending on their knowledge levels and technological availability. In developed countries, precision farming system has been implemented along with advanced information technology and full agricultural mechanization. Meanwhile, developing countries still have practiced improved traditional farming system that is much time- and labor-consuming. These two farming systems differ basically by their levels of resource management.
In industrial countries, the rapid development of information technologies since the early 1980s has opened the way for drastic change in crop management and agricultural decision making. Electronic information technology is used to response the variation attributes occurring in the fields. This trend has led to the implementation of precision farming system, a new agriculture in the 21st century. The main difference between the conventional agriculture and precision farming is the application of modern information technologies in the latter to collect, process, and analyze multi-source data for decision making (Sonia, et al., 1997). This agriculture is also referred to computer-aided farming. Recently, the developed countries have experienced with global economic difficulties, especially continuing low or flat price and increased production costs. In addition, the pressure of globalization and WTO agreements have caused strong competitiveness in the international trade and reduced agricultural subsidies. In this context, precision farming system would provide them with an opportunity to improve productivity, efficiency and economic returns as well as to reduce environmental impact. Therefore, many research institutions, universities and agricultural industries in the U.S., Europe, Australia, New Zealand, Brazil, Argentina, and Japan… have been involved in research and development of precision farming technologies. Even the National Aeronautics and Space Administration (NASA) in the U.S. has also participated in this field; attesting the importance of precision agriculture in the near future.


Meanwhile, many developing countries have no specific programmes or projects on this subject at the national or local level, due to the shortage of capital, knowledge and available technologies. However, they have focused on the improvement of agricultural management, using their own means and resources in order to increase the productivity and production. In rice production systems, farmers also use “precision technique”, but not the same in developed countries, for seed selection, land preparation, crop management, irrigation and harvest in conventional way, based on researchers’ and extension workers’ recommendations. These countries concentrate in precision farming system in form of integrated crop management suitable for their social and economic conditions, with emphasis on effective input uses to improve farm profits. Apparently, the industrial and developing countries have different perceptions of the precision farming concept.  
 
2. THE CONCEPT OF PRECISION FARMING SYSTEM 
The concept of precision farming is agricultural management system based on information and technologies to help farmers identify, analyze and manage the differences and variability of soils and time in the field, while not ignoring profits, sustainable agriculture and environmental protection. The main idea of precision farming system (PFS) is the application of technologies suitable for small areas within fields; thereby it is referred to site-specific crop management (SSCM). The SSCM is not a single technology, but an integration of technologies that allows: (i) collection of data at an appropriate scale and time, (ii) interpretation and analysis of that data to support a range of management decisions, and (iii) implementation of a management response at an appropriate scale and time (in Batte and Vanburen, 1999). The Second International Conference on Site-Specific Management for Agricultural Systems, held in March 1994 in Minneapolis, Minnesota described the concept of the SSCM, as follows: 
“SSCM refers to a developing agricultural management system that promotes variable management practices within a field according to site or soil conditions. While this technology is a few years old, various names have been used to describe the concept: farming by soil; farming soil, not fields; farming by foot; spatially prescriptive farming; computer aided farming; farming by computer; farming by satellite; high-tech sustainable agriculture; soil-specific crop management; site-specific farming; and precision farming. Interest in this emerging concept has featured in a variety of news media.” (National Research Council, 1997). 
This statement indicates a clear description of the concept of PFS that can apply in both developed and developing countries. For developed countries, this PFS is considered as an essential need to help farmers go through current economic difficulties, due to its following advantages (Segarra, 2002):
1) Overall yield increase: The use of modern technologies with high precision level in farming, varying from land preparation to crop management, harvest, and post-harvest leads to reduce losses before and after production, i.e. closing yield gaps between the research station and farmer fields, which still exist in any country and across ecologies. Specially, crop production increases in low yield areas, due to better crop management.
2) Efficiency improvement: The advanced technologies including machineries/tools and information help increase efficiency uses in labour, land and time of farming. In the US, it needs only 2 hours to grow one hectare of wheat or maize. One American can feed 97 American people and 32 people in other countries (USDA, 2005).
3) Help in decision making for better agricultural management: Agricultural machineries, equipment and tools help farmers acquire accurate information, process and analyze them for appropriate decision making from land preparation to seeding, fertilizers, pesticides and herbicides application, irrigation and drainage, and post production activities.
4) Reduced production costs and increased marginal profit: This is the most important factor attracting farmers to realize PFS, with the aim to improve farm productivity and efficiency with modern technologies in order to gain more marginal profits; thereby increasing competition in the international and national markets. Agrochemical cost can be reduced, using site-specific treatment. Evidently, the use of advanced technologies may increase farmers’ investments, but proper management of PFS likely meets economic demands, particularly for (Swinton and Lowenberg-DeBoer, 1998):

(i) Operations at large farms, the cost of production can be spread over more hectares.

(ii) High valued crops (vegetables, potatoes and seeds) compared to lower valued commodities (corn, wheat and soybean).

(iii) Intensive management system, with high degree of planning, monitoring and control already in place.
5) Reduced environmental impact: PFS assists farmers in applying agro-chemicals in the fields in time and at accurate rate; thus avoiding excessive residue in soils and water that may cause environmental pollution.
6) Increased generation of farms’ detailed and accurate information and data with high technology and tools: All field activities of PFS produce valuable field and management information and data stored in tools and computers; and thanks to this help, farmers may accumulate their knowledge about their farms and production systems.
3.
IMPLEMENTATION OF PRECISION FARMING IN THE DEVELOPED WORLD

In the last half century, the agricultural production has made great success in increasing productivity and efficiency in developed countries. These advances have been achieved through the use of genetic improvement, agro-chemical uses, irrigation and farm machinery. Recently, the availability of information technology has offered farmers new tools and approaches to characterize the nature and extent of variation in the fields and develop better management strategies to deal with these conditions at a specific location.
In the conventional agriculture, farmers in the industrial countries own farm size varying from 10-20 to thousand hectares, and practice the same crop management throughout the fields. Crop varieties, land preparation, fertilizers, pesticides and herbicides are uniformly applied; even soil characteristics, plant growth, pest occurrences, weed invasions vary differently within a field. Such crop management does not satisfy plants’ demands in term of amount and time at various growth stages; on the contrary, some portion of farmers’ inputs and labour are going to be wasted. Although farmers are aware of the field variability that is the key point affecting the crop yield, technologies that make precision farming are not available before 1980s.

3.1.  Management of PFS

PFS can guide farmers towards a new approach to their farm and resource management and its technologies are still under development, testing and new to many farmers. In the developed countries, PFS can benefit large-scale mechanization required for large farms, but the system still recognizes local variation. By using satellite data, precision farming technologies provide farmers with information on soil conditions and plant development; so that they can better manage the production factors such as seeds, fertilizers, pesticides, herbicides and water control to increase yield and efficiency. PFS employs the recent innovation in information and technology such as microcomputers, automatic control of farm machinery, geographic information system, satellite-aided global positioning system and sensing equipment (Richman et al., 1999).

The development and adoption of PFS in Europe is less advanced than in the US and Canada, as the small size farms in most of European agriculture limits economic returns from currently available PFS technologies. However, the population density, food safety and public concerns for the environment have drawn their strong attention to PFS.


The Australian Centre for Precision Agriculture (2005) is currently focused on applying PFS in crop production. Site-specific crop management that describes this facet of precision farming system includes 5 main processes:

1) Spatial referencing: Collecting data on the spatial variation in soil and crop features requires accurate position determination in the field, using the Global Position System.

2) Differential action: To response to spatial variability, farming operations such as sowing rate, fertilizer, pesticide and lime application, tillage, water use, etc. can be varied in real-time across a field. Variation in treatment corresponds to the mapped variation in the field attributes measured.

3) Soil and crop monitoring: Soil and crop attributes should be monitored at a fine-scale. When observations are targeted with a GPS location, they provide data on the spatial variability of the attributes within a field.
4) Spatial prediction and mapping: Values for soil and crop attributes should be predicted for unsampled locations across a field. This enables detailed representation of the spatial variability within an entire field through the creation of a smoothed map.
5) Decision support: Knowledge about the effects of field variability on crop growth, and the suitable agronomic responses, can then be combined to formulate differential treatment strategies.
In the US, management scheme of typical PFS consists of the following practical steps (NESPAL, 2005):

1) Determining management zones to be applied with PFS;

2) Establishing yield goals;

3) Soil sampling and data interpretation;

4) Decision making on managements of land preparation, varieties, fertilizers and other nutrients to achieve yield goals;
5) Establishing maps to discover pest population: insects, diseases and weeds; using IPM approach;

6) Applying precision irrigation;

7) Application of logging and automated record keeping;

8) Monitoring and establishing yield maps, evaluation of PFS response and identification of strength and weakness for future improvement.

3.2. Tools and equipment of PFS

Farmers can now manage all aspects of farming operations to increase overall productivity and efficiency from land leveling to harvesting on a specific location. To implement the above PFS steps, farmers should use machineries, high-tech equipment and tools computerized and installed with appropriate software and satellite aids to guide them to precisely work in the fields. In general, the PFS that addresses variability make possible through the integration of several technologies, such as (i) Global positioning system, (ii) Sensor technologies, (iii) Geographic information systems, (iv) Variable-rate technology and (v) Yield monitors.
· Global positioning system (GPS): GPS is a navigation system based on a network of satellites that helps users to record positional information (latitude, longitude and elevation) with accuracy varying from 100m to 0.01 m (Lang, 1992). In practice, GPS allows farmers to locate position field features such as soil type, pest occurrence, weed invasion, water holes, boundaries and obstructions. This system consists of an automatic controlling system, including a light or sound guiding panel (DGPS), antenna and receiver (Fig 1). GPS satellites broadcast signals that allow GPS receivers to calculate their position. Practically, many developed countries have used the GPS as a navigator to guide drivers in finding a certain location in cities, thanks to satellite system’s helps. Likewise, GPS provides precise guidance for field operation. The system allows farmers to reliably identify field locations so that inputs (seed, fertilizers, pesticides, herbicides and irrigation water) can be applied to individual field, based on performance criteria and previous input applications (Batte and Vanburen, 1999). The specific advantages of the GPS in farm operations are as follows (Perry, 2005):

(i) Guide farm machines to stay along a track hundreds of meters long with only centimeter-scale deviations;

(ii) Do not forget any rows or make overlaps;

(iii) Count number of rows while working;

(iv) Keep tools and equipment to work in the same way from year to year;

(v) Work during night or in dirt with precision;

(vi) Not to be affected by wind; and

(vii) Can be attached with additional recorder to store information of fields while working for making a map later.
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Fig 1: Global position system GPS
· Sensor technologies: These technologies use tools sensing from electromagnetic, conductivity, photo-electricity, ultrasound… to any objects, such as humidity, vegetation, temperature, vapor, air… In several years, remote sensing data have been used to distinguish crop species and locate stress conditions in the fields. Recently, remote sensing technologies are employed to discover pests, weed population, drought, soil organic, plant nitrogen… An advantage of the use of sensors is that many thousands of data can be collected without laboratory analysis. Sensors are developed for the following specific uses (Barnes et al., 1996): 
· Sensing soil characteristics: texture, structure and physical character; soil humidity, soil nutrients, clay (Chen et al.).
· Sensing colors: plant population, water shortage and conditions of plant nutrients.

· Monitoring yield: crop yield, crop humidity.

· Variable-rate system: monitor the migration of fertilizers, discover weed invasion.

· Geographic information system (GIS): The use of GIS started since 1960 when scientists found that computers can allow modifying maps saved in their hardware. This system has a computer hardware, software and procedures designed to support compiling, storing, retrieving, analyzing feature attributes and location data to produce maps. GIS is able to link information at one place and allows extrapolate for others.
The computerized GIS maps is different from conventional maps, as GIS maps contain various information layers, such as yield, soil survey maps, rainfall, crops, soil nutrient levels, pests… GIS can help to convert digital information to a form that can be recognized and used. The satellite’s digital images can be analyzed to produce a digital information map for land uses and vegetation covers. The basis of GIS is used as map computer, but its real role is using statistic and spatial methods to analyze characters and geography. The results of these analyses are used to extrapolate for other information or classification (ESRI, 2002). A farming GIS database can provide information on filed topography, soil types, surface drainage, subsurface drainage, soil testing, irrigation, chemical application rates, and crop yield. Once this information is to gather and analyze it to understand relationships between the different elements that affect crop at a specific site (Trimble, 2005).
· Variable-rate technologies (VRT): The process control technologies are automatic and applied for several farming operations. These systems set rate of delivery of farm inputs depending on soil type noted in a soil map. This system allows information drawn from the GIS to control processes such as seeding, fertilizer, pesticide application, and herbicides selection and application, with desired variable rate at the right place and time (Batte and VanBuren, 1999 and NESPAL, 2005). VRT equipment is perhaps the most widely used PFS technology in the US (National Research Council, 1997).
· Grain yield monitors for mapping: A monitor mounted on a combine continuously measures and records the flow of grain in the grain elevator. When linked with a GPS receiver, yield monitors can provide data necessary for yield map that helps farmers to determine a sound management of inputs, such as fertilizer, lime, seed, pesticides, tillage and irrigation (Davis and Casady, 2005).
In summary, PFS or also referred to site-specific farming is made possible by the deployment of GPS to locate sites within the fields, a computer to integrate the GIS application map and the GPS receiver information to be finally sent to the controller on the VRT machine to apply variable rates in farming operations. The pricing of these technologies are beyond poor-resource farmers’ reach. All the above technologies are available and used by large farms in the developed countries to increase productivity and profits. Farmers in the developing countries do not afford these expensive equipment and tools. Based on farm size and farmers’ socio-economic conditions, PFS can be distinguished at least into three categories:

· PFS on large farms in the US, Australia and Europe.

· PFS on small farms in Japan, South Korea, Taiwan…

· PFS in developing countries.

3.3. Precision farming on large farm in the US, Australia and Europe

The industrial countries have mechanized and computerized most of cultural operations, ranging from land preparation to harvest, process and storage to maximize yield and avoid unnecessary losses, using high-tech PFS. In PFS, computerized machines and tools help farmers to produce work with high quality, high precision and faster; hence avoiding possible human errors. To obtain high precision farming, the following technologies are used to support farm activities in rice production on a large farm:
· Laser-based tools provide productivity enhancements, especially land leveling and drainage (Fig 2): Tractor equipped with laser equipment can make land level difference in a few centimeters and create terraces for sloped soils. Good land leveling can facilitate good seed germination, efficient application of agro-chemicals and water distribution in the fields.

· Land preparation, planting and field caring can be done with computerized machineries and equipment (GPS, GIS); hence, saving time and improving soil and labour productivity (Fig 3).

· Machineries and equipment (GPS, GIS) also help work to be done in row and precision within a few centimeters.

· Technologies (GPS, GIS) guides seeding with a proper amount at an area in the fields for achieving an optimal plant establishment (Fig 4).
· PFS technologies (GPS, GIS, VRT) help farmers to apply fertilizers in time, with a proper amount for farmers’ various soil types; thereby increasing yield  (Fig 5)

· PFS technologies (GPS, GIS, VRT) guide farmers to use pesticides and herbicides only where needed; resulting in low cost of production and reduction in environmental pollution.

· Machineries and tools (GPS, GIS) ensure appropriate irrigation and drainage at a right time and right place; hence saving water and reducing investment costs.
· Machineries and equipment/tools (GPS, GIS, and yield monitor) help to harvest rice fast, safe and accurate, even working in the night or in dirt (Fig 6) and produce yield maps for future improvement.
· Advanced machineries and equipment help increase efficiency of post harvest, resulting in high quality rice, head rice and milling yield; and lower grain losses in processing and storage.
· Computer system can create and maintain information on soils, water, crops, insects, diseases, herbicides for future management improvement.
It is certain that PFS is at an early stage of development. Farmers in developed countries have slowly moved from conventional highly mechanized agriculture to high-tech farming with new technological tools such as GPS, GIS, VRT and yield monitors. The adoption of PFS has been limited since (i) gathering information for devising PFS strategies is expensive and time consuming (Akridge and Whipker, 2001 in Ancev et al., 2004), (ii) the benefits of PFS are not immediately apparent and uncertain gains spread over longer period of time, (iii) although diminishing, the costs of PFS technologies are still high to users (Ancev et al., 2004). These technologies are quite new to farmers. 
GPS is a military system that is now available for agriculture. Many farmers easily started PFS by using yield monitor that produces yield map for field improvement. Sales of yield monitors in the US have been increasing by 70 to 300% annually for the period from 1993-98 (Swinton and Lowenberg-DeBoer, 1998). Recently, PFS has strongly focused on the variable application rates of N, P, K fertilizers, seeding and irrigation. The cost-effectiveness of PFS or site-specific farming is still in question, as the prices of high technology is rather high and farmers’ skills are inadequate to handle accumulated field data and information. Automation of the data processing and interpretation processes such as simulation models, decision support systems needs further improvement for friendly PFS implementation (Buick, 1997). Some large farms might justify the cost of high technologies and accompanying soil testing, while small farms with less variability may not gain enough returns for investment in this system.
Some research on the profitability of PSF has been conducted. Swinton and Lowenberg-DeBoer (1998) reported that 57% of the sites studied for variable rate application (VRT) of fertilizers produced greater profits for the site-specific farming than for uniform rate technology (URT). Babcock and Pautsch (1998) studied on nitrogen fertilization on Iowa corn and concluded that the economic and environmental impacts moving from URT to VRT depended on heavily on the yield variability in fields. Oriade et al. (1996) studied weed control with post-emergence herbicides and concluded that weed patchiness was the most important factor influencing the profitability of VRT of herbicides, as compared to URT of herbicides over the whole field. However, these studies focused on a single parameter in production and conducted partial budgeting analysis, aiming at evaluating the profitability of PFS; while ignoring the environmental, sustainability and informational issues (Ancev et al., 2004).
As PFS technologies have just emerged, it is difficult to estimate resulting change in costs and returns of the use of PFS. Moreover, farmers and industrial sector are still learning how to implement these systems. Since the concept of site-specific farming is still appealing for both profitability and environment, it is believed that the widespread of PFS adoption will be realized in the near future. The economic aspect of PFS will be improved over time as the technology and farmers’ understanding of how to use it change (Batte and Vanburen, 1999).
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Fig 2: Laser equipment for land leveling
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Fig 3: Land preparation before seeding 
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3.4.   Precision farming on small farm in Japan

From the above view, it seems that the present PFS in the US, Europe and Australia is not easily applied in Japan and South Korea, where the average farm size is less than one hectare; however, a few researchers and managers believe that PFS can be deployed in their countries under their local condition in order to increase economic returns, reduce production costs and energy inputs, and conserve agricultural environment. Shibusawa (2002) reported that the concept of PFS could be implemented on large farms as well as small farms, based on three main factors:

1) Farm variability is a major issue, which PFS has to find appropriate solutions. This variability exists in three aspects: spatial, temporal and predictive.

2) Variable-rate technology is used to adjust agricultural inputs: fertilizers, pesticides, herbicides, water use for site-specific needs at an area within fields. On small farms, inputs can be applied manually. Variable-rate technology improves yield by re-organizing the three factors of technology, plant and fields; and its application requires: 
(i) Correct positioning in the field, 
(ii) Accurate information at the location, and 
(iii) Timely operations at the site concerned.
3) Decision support system is a computerized process offering farmers a series of choices with regard to trade-off problems where conflicting demands must be taken into consideration, such as productivity and environment protection (Shibusawa, 2000). This approach helps farmers optimize the whole production system.
Like the other developed countries, the Japanese PFS is carried out, using information technology for decision making, describing variable characters in large farms and deploying variable-rate technology for optimal field management. The key point of PFS is understanding variability in the field. There are two types of variability: within-field variability and between-field or regional variability. Whether farms are small or large, PFS should mean improved farm management for increased productivity and reduced environmental risks.
For small farm of less than 5-10 ha, farmers know well their own farm; hence they can use site-specific farming technologies to meet each field’s requirements, based on their experiences and skills and decision support system aided by computer, if available.
For a large farm of more than 10 ha containing many fields or a complex planting region, PFS has to coordinate diverse land use and many farmers with different motivations. The regional PFS can be managed in order of variability: within-field, between-field and between-farmers. In this case, high-tech approach, such as GPS and remote sensing technologies can be used to assess yield, monitor, discover and control insect pests and diseases in the whole region. Coordination is an important factor of PFS for small farms.
4.
IMPLEMENTATION OF PRECISION FARMING IN THE DEVELOPING COUNTRIES 

Many developing countries have made slow progress in agricultural mechanization and recently have less advanced in the application of information technology in the daily life. They cannot implement high-tech PFS practiced by developed countries. Land fragmentation in their countries makes further difference in these two worlds, concerning the implementation of PFS. To catch up modern agriculture in the developed countries, the developing countries’ agriculture must enter the information age and has to move from the present model of traditional agriculture to mechanized agriculture in order to improve land and labour efficiency and productivity, prior to reaching PFS at high level (Figure 8). 
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Figure 8: Diagram of agricultural evolution in developing countries
4.1.
PFS versus ICMS in developing countries
In the developing world, the concept of precision farming system is also known in the agricultural research and education, but the system has been applied under different forms, with low technology management. Many countries have stated the agricultural mechanization and modernization as a goal of the national economic development and human prosperity, but have not taken PFS into serious consideration. The variability, in terms of spatial and temporal, is the key point of the PFS concept or site-specific farming in the developed countries. In most of developing countries, the phenomenon of land fragmentation is predominant. Farm size is relatively small, often less than 5 ha per family, consisting of several small fields of less than 1,000 m2 each. In Asia, on the average, each family has less than 2 ha and farmers know their field conditions very well. Therefore, PFS concept used by developed countries may not be appropriate for small farms in developing countries. However, the variability in time and amount needed for specific growth stage is really essential in the integrated crop management system (ICMS) for increasing farm productivity and profits. Researchers and extension workers, therefore, have developed and disseminated good agricultural practices to improve crop management for increased yield across fields in any agro-ecological system. Technological recommendations in the ICMS framework are the practice of PFS appropriate for small-scale farms and resource-poor farmers. In small farms, the heterogeneity of agricultural land is not quite an important factor in agricultural input management and site-specific approach is not practically essential to small farms, but relevant to larger farms. This has led to uniform management of inputs in most of developing countries.
However, on the regional basis, these recommendations are very rough, ignoring inherent variability of lands and assuming average weather. In the information technology age, agricultural administrators and researchers should consider using modern technologies of PFS such as GPS, GIS and yield maps to formulate recommendations for more specific location in the region as well as to detect pest occurrence, drought and flash flood spots, and yield maps for appropriate management. They should play coordinating role in the implementation of these new and costly technologies for regional development plan.
Farmers in the developing countries can use the concept of PFS with their own means and knowledge to increase productivity, profits and environmental protection. PFS is an integrated production tool, helping them to apply farm inputs at the right amount and the right time, reducing production costs and improving economic returns. Proper fertilizer application can help farmers to increase yield significantly, as rice plant requires nutrients differently at various growth stages, specially tillering stage, panicle initiation and heading. Farmers will waste their nitrogen fertilizer should they do not apply it at the right time and right amount in the rice field. Fertilizer management is the most important factor to determine the final yield of rice, as it affects grain yield directly and other factors such as crop establishment, panicle and grain formation, pests and weed occurrence.

4.2.
The concept and principles of Integrated Crop Management System
Farmers carry out several cultural operations during the growing of a rice crop. All these activities, both separately and collectively, impact on all the phases of crop development and yield components that ultimately determine yield. Management affects the degree of impact and the interaction of these activities within an agro-ecological system. Integrated crop management systems are based on the understanding that limitations in production are closely linked (Clampett et al., 2002).  For example, stronger seedling from high quality seeds will not benefit yield if the crop is inadequately fertilized. Similarly, the crop cannot respond to improved fertility if weeds compete. In addition, to obtain high fertilizer efficiency, enough water is obligatorily required in time.

It is essential, therefore, that crop management practices should not be applied in separate field operations, but be holistically ICMS, with flexibility for adjustment to fit to prevailing environmental and socio-economic factors. The development of ICMS, which are similar to the Australian Rice check package (Lacy, 1994), and their transfer through farmer field school approach, could effectively assist farmers in many countries to narrow yield gaps and reduce rural poverty. The ideal ICMS, however, must aim to improve farmers’ knowledge not only on crop production and protection, but also on the conservation of natural resources and market dynamics. This requires substantial improvement to the system of collection and dissemination of information on rice, its production factors, and its technologies as well as the modification of the extension systems in many countries. At least progressive farmers should be trained to use computers for keeping records and data of their rice fields, processing and analyzing them for better crop managements. 
· The Rice check Model

The Rice check Model used in the Australian rice industry has introduced a framework for using integrated crop management and the evaluation of management results as a means to improve productivity and environmental outcomes. In this model, farmers are actively involved using discussion groups in a collaborative learning environment for improving management and yields (Clampett et al., 2002). As a result, the average rice yield in this country increased remarkably from 6 t/ha to 8.5 t/ha in the last 15 years and Australia was among the highest yield countries in the world.
Briefly, Rice check is a system

   (i) To formulate appropriate recommendations for good practice management with output targets,

   (ii) To disseminate them through “farmer discussion groups”, and

   (iii) To collect information for monitoring and evaluation of crop management areas (based on targets) for the crop improvement. 

Thus, the Rice check concept is relatively similar with the farmer’s field school (FFS) approach, but it requires farmers’ more commitment and attention to inputs and outputs targets, and monitoring of crop growth from land preparation to harvest for improvement of the following rice crop. For example, to achieve 8 t/ha requires, among others, the plant density of 250 tillers/m2 that in turn need good seeds, adequate fertilizers, good management of pest, weeds and water. The conditions of these management areas should be recorded and discussed under farmer discussion groups.


The modified Australian Key Checks (recommendations) for yield cover nine Integrated Crop Management Areas, which include one or more Key Checks (objective targets), and minor targets. These include:

1) Seed quality: Use pure and high quality seeds of the best variety for the intervention area.

2) Land preparation: Make sure good land leveling to ensure effective irrigation and drainage, fertilization and weed control.

3)  Sowing time: Choose specific dates for an ideal “sowing window” are provided for each variety.  A measure of the output of sowing time is panicle initiation date.

4) Plant establishment: Make sure uniform plant stand as a plant number per m2 that is the desired output. The techniques used for land preparation and sowing and seeding rates are inputs, which impact on the result.   

5) Crop Protection - Control weeds and pests with IPM approach to avoid economic loss.  Also assume management to avoid pesticide residues in drainage waters.

6) Nutrition management: Feed the rice plants with the right nutrients as needs at various growth stages, with special care of the panicle initiation. Pre-flood nitrogen fertilizer use to achieve growth index targets at panicle initiation and assess additional fertilizer needs, using color chart or leaf chlorophyll analysis. Soil testing is the basis of phosphorus inputs.

7) Water management – Specific water depths for each growth stage, particularly to assist establishment and weed control, and protect the crop against low temperature induced sterility at early pollen microspore in the cold season.  

8) Harvest Management - Grain moisture limit to maximize whole grain after milling and quality assurance practices to ensure “clean” grain.

9) Post production: Thresh, clean and dry immediately before storing in clean sacks or storage.


The key checks can be revised each year by farmers, researchers and extension workers in the context of group discussions. These checks normally interact with each other. A change on the management factor can affect the performance of one or more other factors.

4.3.
Promotion and implementation of ICMS
The integrated crop management including varieties of higher yield stability can  narrow agronomic yield gaps and at the same time help farmers reduce wasteful resource utilisation--due to poor management of inputs, natural resources and other cultural practices--and increase rice yield and farmers’ incomes in a particular location. Precision management practices can be realized, using of advanced technologies in developing countries. Precise application of fertilizers, for example, can be done with the use of computer-aided systems and costly tools. However, most of the resource-poor farmers cannot afford such systems. The technique of chlorophyll meter and leaf colour chart for field-specific N management, which has been tested by IRRI and several national research centres, could be suitable for these farmers. It was reported that the only time-bound crop management activities in timely planting, irrigation, weeding, plant protection and harvesting account for more than 20% of the harvestable yield (Siddiq et al., 2001).

Narrowing yield gaps by improvement of crop management practices of small farmers in developing countries is often not an easy task. Although there are several improved crop management practices, their dissemination has proven to be more complicated. Crop management practices must be often adjusted to environmental factors, knowledge and market forces. Interactions between crop varieties and environmental conditions and crop management practices are well known. Also, factors such as inputs and output prices and employment opportunities affects farmers’ decision on the level of inputs to be applied and the time spent in crop management. The influence of market factors on farmers’ decision on crop management practices will be increased, as the market will be more and more open under the General Agreement on Tariffs and Trade (GATT).

· How to establish the ICMS under the Rice Check concept?
Six major steps to establish a comprehensive Rice Integrated Crop Management (RICM) to close the existent yield gap under the framework of Rice checks are as follows (Tran and Nguyen, 2001):

1. Identify key management areas: Study and priotize all factors affecting the current rice yield gap and production in the selected or target location.

2. Quantify “Good management practices” of progressive farmers: Survey and analyze the rice production technology and practices of farmers to identify differences in each key management area.

3.  Review available technology & knowledge: Review current knowledge based on research results, practices and experiences of researchers, extension workers and farmers.

4. Develop interim Good management practices: Based on steps 1, 2 and 3 collate, in conjunction with researchers, extension workers and farmers, an appropriate ICMS technological package (within the capabilities and resources of farmers) is formulated, using the 9 integrated crop management areas as reference, inputs and outputs based on objective criteria to achieve outcome.

5. Evaluate the Good management practices: Test, demonstrate and monitor the suitable package of ICMS with farmer discussion group and train extension workers and farmers.

6. Develop and expand a comprehensive ICMS programme at a district, regional and national level, with the participation of all stakeholders under the framework of Rice checks.
· Implementation of ICMS for closing yield gaps

Historically, the concept of Rice check was presented by Mr. J. Lacy, an Australian extension worker, at the first International Symposium on “Temperate Rice – achievements and potential”, held in Yanco, New South Wales, Australia from 21 to 24 February 1994; and at the FAO Expert Consultation on Technological Evolution and Impact for Sustainable Rice Production in Asia and The Pacific, held in Bangkok, Thailand, 29-31 October 1996. His presentations were most welcome from participants. FAO was strongly interest in this practical concept and has worked with a few Asian countries, mainly Viet Nam, Thailand, Indonesia, and the Philippines, as a pilot test, for a possible implementation in other countries outside Australia. In Latin America, the implementation of ICMS for rice production (R-ICM) has been realized in Brazil and Venezuela, through funding support of the Common Fund for Commodities (CFC) since 2002. As each participating country has its own agro-ecological systems, they developed their own key rice checks to be tested under local conditions. 
Viet Nam: Over the last four years, the Cuu-Long Rice Research Institute (CLRRI) has developed and tested the R-ICM model, consisting 5 main area checks:

1) 1.Select new high yielding varieties having pest resistance, high grain quality for export needs;

2) Apply in-row seeding with IRRI drum seeders;

3) Apply fertilizers based on soil nutrient status, rice plants’ nutrient requirements; using site-specific nutrient management method for determination of basal fertilizer application and colour chart to estimate the N rate for top-dressing;

4) Use IPM approach for the model of integrated intensive commercial rice production; and

5) Harvest in time to ensure good grain quality and reduce post harvest losses.
From the winter-spring crop 2002-2003 to 2003-2004, the institute conducted the Rice Check model on a pilot basis in two provinces in the Mekong Delta - Can Tho and Tien Giang - through FFS. The following are the primary results obtained from the above pilot provinces:

a) The use of direct seeding in row with only 120 kg/ha of seeds, instead of 200 kg/ha used by farmers, saved 80 kg/ha or equivalent to VN$197,500/ha (US$1.00 = VN$15,000);

b) The use of direct seeding in row plus IPM reduced the costs of weed and pest control by VN$133,000/ha;

c) The deployment of a “colour chart” for nitrogen application saved VN$178,000/ha, due to the reduced amount of N fertilizers.

These pilot demonstrations showed impressive results in increased economic returns and reduced environmental risks, but rice yield increased only from 1.7 to 6.3% in three crop cropping seasons in two districts during 2002-04 (Pham Sy Tan et al., 2005). The rice check demonstrations had low yield, possibly due to using only three rice management areas “Three Increases, Three Reductions”. The Vietnamese rice checks should be revised for additional checks such as land preparation, crop establishment and water management for further closing yield gap in the Mekong Delta. 

Thailand: The Rice Research Institute (RRI) developed the R-ICM, named Thai Rice Check for producing high yield of good quality seed in 2002 during a National Workshop by integrating the good agricultural practices in rice production (Clampett, 2003 and Kunnoot, 2005). The Thai Rice Check covers 8 management areas: (i) seed selection and use, (2) land preparation, (3) crop establishment, (4) nutrient management, (5) insect pest and disease management, (6) weed management, (7) water management, (8) rouging/purification of crop stand for seed production, and (9) harvest management. These rice checks were tested with 200 farmers in 4 provinces: Pathumtani, Prachinburi, Sakhon-Nakorn and Phitsanulok during 2002-03. The average yield increase of 26.7% was observed in these 4 provinces (Kunnoot, 2005). It is suggested that extension workers and farmers should be more involved in formulating and implementing the Thai Rice Check, particularly in irrigated rice and favourable lowland rice systems.
Indonesia: The Indonesian Institute for Rice Research and the Indonesian Center for Food Crop Research and Development in Bogor have promoted the concept of R-ICM since 1998 to close yield gap in irrigated rice systems. This integrated management includes a set of 6 recommendation areas: (1) selection of rice varieties for high yielding and seed, (2) the planting of young and healthy seedlings, (3) the incorporation of organic manure and basal fertilizer into soil and the use of leaf colour chart for nitrogen top-dressing, (4) the practice of intermittent irrigation, (5) the practice of frequent mechanical weeding, and (6) the control of pests and diseases, based on a regular field observations and early warning system whenever possible (Woodhead, 2003 and Abdulrachman et al., 2005). The R-ICM system was evaluated in Grobogan district, Central Java in 2000. In 2002, the system’s trials were multiplied in 31 districts in 24 provinces throughout the country. The application of R-ICM system increased yield by 20% or more in 12 villages of intervention.
Philippines: The Philippine Rice Research Institute (PhilRice) developed the R-ICM system, named PalayCheck in early 2004 during a National Workshop on Rice Integrated Crop Management for Closing Yield Gap in Irrigated Rice (Redona et al., 2004 and Cruz et al., 2005). The Philippine PalayCheck recommendations for transplanted irrigated lowland rice includes:

1) Seed quality: Use pure and high quality seeds of the best variety at least 85% germination  for a location;

2) Land preparation: Level the field properly and achieve no high and low soil spots at initial flooding after the final harrowing;
3) Crop establishment: Sow the right amount of seeds following local planting and achieve at least 1 healthy seedling/hill at 10 days after transplanting;
4) Nutrient management: Feed the rice plants with the right nutrients as needs. Achieve at least 24 tillers/hill at panicle initiation;
5) Water management: Maintain appropriate water depth and achieve 3-5 cm water depth from early tillering to grain filling stage;

6) Pest management: Apply appropriate pest management technology and ensure no significant yield loss from pests;

7) Harvest management: Harvest crop at the right maturity stage, i.e. 1/5 of panicle or 4-5 grains at the base of the primary panicle are in hard dough stage;

8) Post production: Thresh, clean, and dry immediately before storing in clean sacks in order to achieve Premium grade 1 for paddy.
In the Philippines, the primary results indicate that rice yield in 2004 wet season varied from 4 to 7 t/ha and it appeared to be positively correlated with the number of management areas of the PalayCheck. Analysis on the contribution of various crop management areas to yield performance is still being conducted (Nguyen, 2005).
Brazil: In the framework of the CFC project, the R-ICM concept was implemented in three regions of the state Rio Grande do Sul: Fonteira Oeste, Campanha and Deprecao Central since 2003-04, through a technology transfer system named “farmer-to-farmer”. The technical intervention focused on six strategic management practices: (1) planting date, (2) seeding density, (3) pesticide treated seeds, (4) balanced nutrition and in quantity for high yield, (5) early weed control and (6) appropriate irrigation water management
. 
The programme worked with 52 farmer leaders who planted 8,467 ha with improved management and obtained an average yield of 9.1 t/ha or 4 t/ha greater than the regional average prior to intervention of the CFC project. About 115 growers who received technical assistance in the 2003-04 and 2004-05, planted 25,805 ha with improved management and reported an average yield of 7.8 t/ha or 2.7 t/ha greater than regional average yield during the 2003-04 season. In addition to this, 1,439 farmers who attended one or two field events in two planting seasons, but did not receive further technical assistance from the programme, reported an average yield of 6.5 -7.1 t/ha, representing a yield increase of 1.4 -2.0 t/ha above the average of prior year. The increase in yield represents an increase in economic return of more than US$ 31 million or US$ 19,317 per participating grower (Pulver and Carmona, 2005).
Venezuela: This country also participated in the CFC project for implementing R-ICM approach in Calabozo and Portuguesa. The agronomic practices to improve yields based on six concepts: 

1) Date of planting that permits to receive maximum solar radiation during the reproductive phase,
2) N fertilizer management for high efficiency,

3) Early weed control,

4) Improved irrigation water management.
5) Use of insecticide treated seeds to control outbreaks of “Chinche Chapulin” (Trigonotylus spp. – Hemiptera, Miridae),
6) Lower planting density to reduce foliar disease and cost for treated seeds.
During the dry season of 2003-04, demonstration plots conducted in Calabozo gave excellent yields, often exceeding 9 t/ha and a few demonstration plots greater than 10 t/ha. In Portuguesa, yield of most demonstration plots were lower, but well above national average yield (5 t/ha). The project believed that farmers are able to produce 6-7 t/ha during the rainy season and 8-10 t/ha in the dry season, with available improved technology and acceptable costs (Pulver and Carmona, 2005).
Some observations on the implementation of the FAO-sponsored R-ICM concept in the last five years are as follows:

1) The formulation of the management areas or a set of recommendations is essential for the success of the RICM programme. It should be flexible and can be modified, based on the experiences gained in the previous season(s) with participatory approach.

2) For implemental purpose, a few major recommendation areas should be particularly emphasized in the first year to attract farmers’ interest in a new concept, as reported in the case of Viet Nam: “3 Increases, 3 Reductions” and Brazil: 6 main recommendation areas. Thereafter, the other recommendation areas should be gradually added for further increased yields.
3) The use of effective extension delivery system can expedite farmers’ adoption of the R-ICM approach. For example, the technology transfer system, called “Farmer-to-Farmer” in Brazil, relies on the use of a farmer leader for multiplying the technology to other farmers, block demonstration, formation of groups of farmers and regular visits to the leaders’ farms. Close cooperation between the IPPM programme and ICMS programme merits serious attention from administrators, developers and extension workers for wide adoption of new and improved technologies.
4) Farmers’ field record that is a key point for future improvement of the ICMS should be practically set up for resource-poor farmers. A friendly and simplified record procedure should be developed. Progressive farmers should be encouraged to use computer to handle data collection and information management for future crop improvement.
5.
CONCLUSION
Although there are some economic concerns about the use of high technological tools in agriculture, precision farming system or site-specific management is a fast developing field in developed countries. This system helps many farmers use more effectively farm inputs such as fertilizers, insecticides, fungicides, herbicides and irrigation water for increasing productivity, efficiency, profits and environmental protection. The cost-benefits of precision farming system are under investigation, particularly for small-scale farming. The PFS concept has been employed differently in developed and developing countries. The developed world has reaped more PFS technologies’ benefits, owing to their advanced agricultural mechanization and available information technologies, although PFS is still under development and fine tuning for wide adoption.
In developing countries, PFS is an integrated crop management system that enables farmers to close yield gaps between their fields and research stations, using their own resources and knowledge. In many countries, the yield gaps are still substantially large, due to a combination of lack of initiatives, resources, skills and good will to narrow them. Synergy efforts are needed to tackle this complicated problem. It is required, therefore, to promote close collaboration between research, extension, local authorities, non-governmental organizations (NGOs) and private sectors in identifying specific constraints to high yield, and appropriate technologies and solutions to yield gaps, through participatory approach. Moreover, institutional and policy support to farmers is the crucial factor to ensure adequate input supplies, farm credit, acceptable farm-gate price and working market systems in the holistic approach for sustainable increased production. 
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