KẾT LUẬN

(1) Lúa gạo là một loại thực phẩm quan trọng của nhân loại, đặc biệt cho các nước á Châu và nhiều nước khác trên thế giới. Hơn phân nửa dân tộc thế giới sống nhờ vào loại thảo mộc này. Khoảng 112 nước đã trồng lúa trên toàn cầu trong 2004. Các di chỉ khảo cổ ở châu á cho biết lịch sử trồng lúa của loài người đã xuất hiện từ 6.000-7.000 năm, nhưng các chuyên gia tin tưởng rằng cây lúa trồng đã có mặt trên trái đất này ít nhất 10.000 năm hoặc hơn. Vào năm 2003, một số khoa học gia Đại Hàn khám phá nhiều hạt gạo cách nay 15.000 năm. Nhiều chuyên gia lúa gạo tin tưởng rằng cây lúa trồng xuất phát đồng bộ và độc lập tại nhiều trung tâm nguyên thủy, chạy dài từ miền đông nam dãy núi Hy Mã Lập Sơn (đồng bằng sông Ganges ở ấn Độ đến miền bắc nước Myanmar, miền đông bắc Thái Lan, Lào, miền nam và tây nam Trung Quốc và miền bắc Việt Nam.

(2) Cây lúa ưa thích các vùng đất ẩm thấp nhiều nước, nhưng cũng mọc trên đất cao, núi đồi. Hiện nay, có 3 hệ thống trồng lúa chính: Lúa tưới tiêu, lúa ngập nước trời và lúa rẩy. Trong tương lai, sự tăng gia sản xuất lúa để đáp ứng nhu cầu thế giới, phần lớn sẽ do từ tăng gia sản xuất lúa tưới tiêu, qua cải tiến năng suất và diện tích thu hoạch; trong khi một phần của hệ thống lúa ngập nước trời sẽ được chuyển đổi cơ cấu trồng, nhằm đa dạng hóa sử dụng để có lợi tức kinh tế cao. Hệ thống sản xuất lúa rẫy thế giới không có nhiều tương lai mặc dù có tiềm năng lớn, vì gặp nhiều sự cố xã hội-kinh tế và kỹ thuật khó giải quyết.

(3) Thị trường lúa gạo rất đa dạng để thỏa mãn nhiều thị hiếu khác nhau ở nội địa cũng như quốc tế. Có nhiều loại gạo có chất lượng cao và trở thành đặc sản như gạo thơm, gạo nếp, gạo đỏ, gạo đen, gạo hữu cơ, gạo vàng... Loại gạo hữu cơ đang được các giới tiêu thụ giàu có trên thế giới chú ý nhiều nhứt. Lúa gạo còn được chế biến thành những thức ăn nhanh chóng, có giá trị dinh dưỡng và kinh tế cao hơn, để thích ứng với đời sống năng động của nền văn minh hiện đại. Công nghệ biến chế là một môi trường rất tốt, có thể giúp cho đầu ra của ngành sản xuất được hữu hiệu cũng như có thể mở rộng thêm khả năng sản xuất hoa màu trong nước.

(4) Cho đến nay, lúa gạo vẫn còn là một trong số thực phẩm được bảo vệ nhiều hơn hết, nhứt là ở những nước nhập khẩu lớn và những nước lấy lúa gạo làm thức ăn căn bản. Bao cấp cho ngành này còn to lớn hơn ở các nước tiền tiến. Mục tiêu tự túc, vấn đề an ninh lương thực vẫn là các chính sách ưu tiên của các nước đang phát triển. Các nước xuất khẩu lớn, theo thứ tự, gồm có Thái Lan, Việt Nam, ấn Độ, Mỹ, Trung Quốc, Pakistan, Ai Cập... Các nước nhập khẩu quan trọng như Indonesia, Philippines, Malaysia, Singapore, Hồng Kông... ở châu á; Nigeria, Senegal, Côte d’Ivoire, Nam Phi... ở châu Phi; Iran, Iraq, Saudi Arabia... ở Trung Đông; Pháp, Hà Lan, Anh Quốc... ở châu Âu; Brazil, Cuba, Costa Rica, Nicaragua... ở châu Mỹ La Tinh.  

(5) Hiện nay, thị trường lúa gạo thế giới đang bị ảnh hưởng mạnh do giá cả sút giảm liên tục, khuynh hướng toàn cầu hóa và khu vực hóa. Do đó, có một số biến chuyển đặc biệt như: (i) Sự thay đổi đường lối điều hành của một số cơ quan quốc doanh có khuynh hướng tư nhân hóa ở châu Mỹ La Tinh, châu á và châu Phi; (ii) Trung Quốc gia nhập vào cơ quan WTO có thể làm thay đổi thị trường lúa gạo quốc tế; (iii) Liên Âu có sáng kiến cho nhập khẩu gạo tự do từ 48 nước chậm tiến kể từ 2009; và (iv) Năm nước xuất khẩu gạo ở châu á, gồm ấn Độ, Pakistan, Thái Lan, Trung Quốc và Việt Nam thành lập Hội Đồng về lúa gạo trong 2002 nhằm ổn định giá cả thế giới.

(6) Những tiến bộ về hoàn thành bản đồ genome của cây lúa trong năm 2002 đang tạo niềm phấn khởi lớn trong giới khoa học, vì họ tin tưởng có được chìa khóa quan trọng để giải quyết các vấn khó khăn trong lãnh vực di truyền và nông học, nhằm tăng gia năng suất của loại thực phẩm chính yếu này. Các chuyên gia Thụy Sĩ và Đức đã phát minh ra lúa vàng trong năm 2000, gây tiếng vang lớn trong nghiên cứu về dinh dưỡng, vì có thể giúp làm giảm thiểu bệnh mù mắt trẻ con trong các nước lấy lúa gạo làm thức ăn hàng ngày. Công tác nghiên cứu chuyển đổi cây lúa C3 thành cây lúa C4 để tăng hiệu năng quang hợp của cây lúa cũng đáng lưu ý. Do đó, ngành công nghệ sinh học có tiềm năng rất lớn để cống hiến cho nhân loại nhiều cơ hội phục vụ đời sống con người. 

(7) Những tiến bộ lớn khác trên cây lúa, đáng kể hơn hết là kỹ thuật lúa lai và siêu lúa, có thể đóng góp lớn vào tăng gia sản xuất, làm giảm đói kém trong tương lai; nhưng các kỹ thuật này còn đòi hỏi thời gian để điều chỉnh, kiện toàn cho thích ứng với sản xuất đại trà. Trong thập niên 1990s, nền nông nghiệp chính xác đã bộc phát mạnh ở các nước công nghệ, nhưng các nước đang phát triển chưa quan tâm đúng mức về kỹ thuật mới. Kỹ thuật này đòi hỏi công nghệ cấp cao hoặc/và quản lý tổng hợp tốt để cải tiến năng suất, hiệu năng canh tác, giảm giá thành sản xuất và bảo vệ môi trường. Kỹ thuật canh tác chính xác là sự phối hợp giữa các kỹ thuật hiện có và điều hành quản lý, đặc biệt quản lý tổng hợp mùa màng hay kiểm tra lúa (Rice check), nhằm giúp nông dân thu hẹp khoảng cách năng suất giữa trung tâm thí nghiệm và ruộng lúa của họ.

(8) Ngành sản xuất lúa của nước úc đáng làm gương mẫu cho các nước còn lại trên thế giới, vì có hiệu năng kinh tế cao, không có trợ cấp của nhà nước; nhưng vẫn đáp ứng cơ chế kinh tế thị trường. Hệ thống luân canh “lúa - cỏ họ Đậu”, áp dụng kỹ thuật canh tác chính xác với kiểm tra lúa đã giúp nước này đạt đến năng suất bình quân hơn 10 tấn lúa/ha.

(9) Sự chuyển đổi nhiệm vụ từ lãnh vực công sang lãnh vực tư trong các công tác nghiên cứu nông nghiệp và khuyến nông tại những nước có nền kinh tế phát triển mạnh cần được khuyến khích. Quỹ Lúa Tưới Tiêu Châu Mỹ La Tinh Và Caribbean (FLAR) là một thí dụ điển hình có thể bắt chước.

Tóm lại, hiện nay vẫn còn một số thách thức lớn đối với các nhà lãnh đạo, làm chính sách và nghiên cứu như:

1) Làm thế nào giảm thiểu tình trạng nghèo khó của người trồng lúa với ít đất đai, thiếu nước tưới trong các nước đang phát triển?

2) Chuẩn bị những gì trong thời gian chuyển tiếp sắp tới khi nền kinh tế của nhiều nước phát triển mạnh, tiến bộ nhanh và thành phần trẻ di cư ra thành thị để tìm đời sống tốt đẹp hơn?

3) Làm thế nào để khuyến khích nông dân áp dụng các kỹ thuật canh tác chính xác trong sản xuất để tăng hiệu năng, năng suất, lợi tức và bảo vệ môi trường để bắt kịp, hội nhập vào khuynh hướng toàn cầu hóa và tôn trọng thỏa hiệp WTO?

ENGLISH SUMMARY

World Rice Production: 

Current status and developmental trends in the 21st century
From its Gondwanaland, two rice cultigens (Oryza sativa, L. and Oryza glaberrima, Steud.) are now cultivated in 112 countries. Rice is grown under a wide range of soil moisture regimes, from deep flood to dry land, and in different soil conditions. Rice-based production systems span from 530 N, in the Heilongjiang Province of P.R. China, to 350 S in New South Wales of Australia. The diversity of the regions, peoples, and resources connected within the world’s rice-based systems requires a diverse approach for global rice-based development that includes participation from the local to the international level. Rice farmers comprise of men and women of different ages living in low-income and developing countries as well as farmers from high-income and industrialized countries. Sometimes children also help in rice cultivation. Farm size varies from less than 1,000 square meters as in Burkina Faso and Viet Nam to more than 1,000 ha as in U.S. and Latin America. Resource availability ranges from only farmers' own force and energy (or human force) with simple implement to large tractors, combined harvester, and even aircraft.  

Rice is life and is deeply rooted in the cultural heritage of Asian people. Rice enters people’s lives in several forms and pathways: as a daily food, in festivals, in wedding parties, in songs, in paintings, in poems, and the process of rice cultivation itself brings communities together. Today’s cultivated rice varieties have evolved from the long and continued evolution of the rice plant under natural and human intervention over many millenia. Primitive agriculture first appeared in the Hoa Binh culture (8.000-10.000 years ago), which was predominantly a hunter and gatherer society in Southeast Asia. Eventually, rice tribes formed throughout the continent and definitively changed human life about 5000-6000 years ago; humans migrated less often and could therefore develop more stable societies. 

It is the second largest cereal crop, and it is the staple food for more than half of the world’s population. Rice contributes to over 20% of the total calorie intake of the world’s human population. Three billion people in Asia alone derive from 50-70% of their calories from rice. Recently, the popularity of rice as a healthful food has increased in a number of countries in Africa, America, and other regions where rice is not traditionally a major food crop. In the high-income countries of Europe and North America, rice consumption is increasing in the context of food diversification. Not only is rice a key source of food energy, it is also a major employer and income generator for the poor. Rice production activities provide employment for many millions of people who work either directly in rice production or in related support services. Rice farming produces straw and husk residues, which are used as renewable energy sources, compost, animal feed, construction materials and others; rice systems also play a role in carbon sequestration. 
Origin and distribution: Rice, Oryza spp., belongs to the Oryzae tribe of the sub-family Pryzoideae and the family Poaceae (or Gramineae). The genus Oryza is small, consisting of 22 species; 20 of these species are wild  and two are cultivated: Oyza sativa in Asia and Oryza glaberrima in West Africa. The Oryza rice was originally bioecologically classified into three types - Indica, Javanica (or Tropical Japonica) and Japonica, but it has recently been classified into six genetic groups - Group I (Indica), II, III, IV, V and VI (Japonica) - using isozyme loci studies. The undomesticated wild species theoretically originated in the foothills of the Himalayas. Recently, many scientists have agreed that the cultivated rice could be originated from several independent and separate centres. Several reports indicate that northern border of Viet Nam-China, together with Northern India, the northern border areas between Myanmar and Thailand, and Laos were the first rice-producing regions in the world. According to different findings, human beings have been able to sow rice for 6,000/7,000 years; to build dikes for 5,000/6,000 years; to irrigate, double crop and  establish rice terracing for 4,000/5,000 years; to transplant for 3,000 years; to dig canals and ponds for water conservation for 1,000/2,000 years, and to use modern rice and agro-chemicals for 150 years.   

Green Revolution took place in the world from mid-1960s to mid-1990, but by-passed Africa. It doubled world rice production and productivity, thanks to the intensive deployment of semi-dwarf varieties, irrigation development and use of chemical fertilizers. Farmers can benefit from technologies that boost production and increase their income and employment, but they also require appropriate government policies to improve their prosperity. The introduction of new technologies, such as machinery, modern rice varieties, and agro-chemical inputs have dramatically improved the productivity of traditional agriculture systems. It was, however, observed in the Green Revolution that the new technologies tend to convert diverse agriculture systems into monoculture systems. In the Post-Green Revolution, the country’s food security has been reinforced, but concerns have been raised as to its environmental impact, observed productivity decline, gene erosion, biodiversity losses and possible links to increased rural poverty and social inequity.  

Although global per capita demand for rice is declining, rice demand as a whole will continue to expand due to population growth and increasing consumption patterns in different regions, such as Africa. In 2004, world rice production reached 606 million tons of paddy rice on 151 million ha. The world rice production has continuously increased since 1961, but at varying growth rates. The annual growth rate was about 3.5% during the 1960s, 2.7% in the 1970s, 3.1% in the 1980s, and 1.5% in the 1990s. A comparison between the growth rates of rice production and the population since 1961 shows that for the first time since 1990, rice production has grown almost proportionally to population (1.4%). The comparison will be seriously unbalanced for production if the yield growth rate continues to decline. In fact, the annual growth rate of harvested area declined drastically from 1.5% in the 1960s to only 0.4% in the 1990s, while that of the rice yield decreased from 2.5% to only 1.0%.  

According to FAO projections, rice demand in the year 2030 is forecast to be approximately 803 million tonnes of paddy rice or 38% higher than the annual amounts produced between 1997 and 1999. This is significantly less than earlier projections but still a considerable quantity of rice will be required to meet future needs. Moreover, although global rice projections do not anticipate deficits, they often mask regional or national needs. Worldwide, the per capita rice consumption will fall slightly from 59.9 to 59.1 kg per person. This reflects declining trends in East and Southeast Asia, and increasing consumption in South Asia, the Near East and the rest of the world.

Asia supplies over 90% of world rice production. Therefore, the trends visible in the evolution of rice production, area, and yield in Asia are similar to those observed at the global level, yet on a more pronounced scale. Such regional dominance will have overwhelming impact on the future world projection. Regarding rice trade, regional exports grew at a strong rate of 3.6% per year over the last four decades to reach an average of 18 million tons of milled rice in 1999/2001. Traditional exporters include China, Thailand, Pakistan and Myanmar and new exporters such as Viet Nam and India have become more competitive in the region.  Over the last 40 years, the regional imports grew erratically at 1.6% annually to 11.7 million tons of milled rice in 1999/2001. At present, major rice importers include Indonesia, Philippines, Singapore and Hong Kong. Strong competition for medium to lower grades attributed to the drop in prices. FAO trend projections indicate that Asia-Pacific rice output would grow by 0.9% per year to reach 389 million tons of milled rice in the period 1998-2010, thanks to yield growth rather than area expansion. In fact, future increases in rice production in Asia-Pacific will continue to depend on improvement in the productivity of irrigated rice production, which in 1995 occupied about 57% of the region’s rice harvested area, as it is in this ecology where the application of hybrid rice and other genetic improvements of rice plants are most feasible. In the long term, an increase in rice production in the region requires the improvement in productivity of rice production in the rainfed ecologies. This is due largely to the fact that land and water resources in irrigated ecologies are facing severe competition for use in the production of other crops, urbanization, industrialization and environmental protection.  

In Africa, rice has become increasingly important as a food source and as an economic commodity. Regional rice production increased from 8.6 million tonnes of paddy in 1980 to 19 million tonnes in 2004. In spite of this dramatic growth, demand has exceeded supply and the region relies on imported rice. The quantity of rice imported yearly by the region increased from 2.5 million tonnes of paddy in 1980 to 7.0 million tonnes in 2001. In the immediate future, food security in Africa will largely depend on achieving a sustainable increase in local rice production. In most parts of West Africa, rice plays a significant dietary role.  It is the staple food for the populations of Gambia, Guinea, Guinea-Bissau, Liberia, Madagascar, Mauritius, Sierra Leone and Senegal, where rice consumption in the year 2000 exceeded 100 kg/capita/year. Rice production in the region is carried out by small-scale farmers under upland, irrigated, rainfed lowland, mangrove, and deep water ecologies. Upland rice systems occupy 40%, while the rainfed-lowland systems occupy 38.3% of the total harvested area in the region. In West Africa, about 15 million ha of wetlands can be brought into rice production. West Africa is the home of Glaberrima rice (Oryza glaberrima); however, most rice varieties currently planted in the region belong to Oryza sativa, which originated in Asia. Potentially arable land in Africa is estimated at 637 million ha, with about 68% in reserves. Area designated for rice production represents about 1.6% of total potential arable land. Thus, Africa has a high potential for expanding rice production. In addition, in many irrigated rice schemes, rice yield is decreasing after years of exploitation, mainly due to the level of management and operation as well as farmers’ poor crop management.  The reversal of this trend and increased wetland rice production and productivity are two major priorities in the region. Recently, promising NERICA, a new generation of rice varieties by crossing O. glaberrima with O. sativa, has been developed for increased upland rice output. 

Rice production in Latin America and the Caribbean is characterized by partial or full mechanization under large-scale exploitation. Compared to Asia and Africa, production has been growing at about 3.5% per annum or faster, except during the 1980s when it grew at only 1.3% per year due to the regional crisis. The growth rate of rice production in the region has been higher than that of the population since 1990, this being mainly attributable to the expansion of rice area during the 1960s and 1970s. However, since the 1980s the rice area has been declining. The improvement in the productivity of rice production was the main force behind the increase in rice production during the 1980s and 1990s and as a result, rice yield has been increased at a rate of 3.5% per year during the 1980s and of 3.3% per year since 1990. The rapid spread of high yielding varieties (HYVs) and the recent expansion of irrigated rice areas in southern Brazil, Argentina, and Uruguay are other factors contributing to the high annual growth rates of rice yield during the 1980s and the 1990s. On the other hand, upland rice production in South America has become increasingly less sustainable due to its low productivity and Governments’ wavering support. Over the last decade, the rice-harvested area decreased 2.2% per year, mainly due to the decline in upland rice area in Brazil. 

Although rice is not the staple food in the Europe and Baltic countries, the fast change in dietary patterns and socio-economic conditions have considerably increased rice consumption in a few countries, especially Portugal, Turkey, Egypt, and Russia Federation. It is worthwhile noting that the Inter-Regional Cooperative Research Network on Rice in the Mediterranean Areas (MED-RICE), established in 1990 by FAO, in collaboration with the National Agricultural Research Centres, now comprises 12 Member Countries. In the last decade, rice production in the Mediterranean countries, especially Egypt, Greece, Spain and Turkey, increased by 63%. For many years, national yield in a few Mediterranean countries, mainly France, Italy and Turkey, was stagnant at 5-6 t/ha, while rice yield steadily increased in Egypt (9.7 t/ha), Greece (8.0 t/ha) and Spain (7.1). These countries achieved a high national average yield through good crop management, extension services and genetic improvement. A few Countries in transition, such as the Russian Federation, Hungary, Bulgaria and Romania, have a low national rice yield if compared to the world’s average yield (4 t/ha) in 2004. The most widespread constraints for rice production in these countries are the elimination of governmental supports, poor management and unfavourable climatic conditions. Old and inefficient farm machinery, mounting production costs, and the low price of imported rice have also aggravated the situation.

In Australia, rice production is economic, without receiving governmental support. The national rice yield declined about 2.4% per year during the 1967-77, moderately increased during the 1977-87 period, but then grew rapidly during the 1987-97 period. The Integrated Rice Crop Management Package called “Rice check” was developed in the mid-1980s and transfered to farmers since 1986. Cropping systems using legume-based pastures (Trifolium subterraneum) in rotation with rice crop were another factor responsible for the impressive increase in rice yield (8-9 t/ha). The increase in rice yield has made rice production in Australia a profitable business for farmers and enable the country to earn substantial foreign exchange from export. 
Rice agro-ecosystems and management: For thousands of years, natural selection pressures such as drought, submergence, flooding, nutrient stresses, biotic stresses and human intervention have contributed to a great diversity in rice varieties and rice ecosystems. Based on their diversity, rice is classified into five water related categories: rain-fed lowland, deep water, tidal wetlands, rain-fed upland and irrigated rice. Irrigated rice accounts for 57% of total world harvested areas and more than 75% of total global rice production, playing an important role in the last Green Revolution. However, the production and investment cost are high, financial institutions’ irrigation investment is declining, water use efficiency is low (30-60%), shortage of water occurs in the dry season, ground water is depleting, and competition with industralization, urbanization and environmental conservation is increasingly intense. Mechanization is usually practised in irrigated rice, helping farmers to improve the efficiency in labour, land use and production. In fact, one American farmer can feed 130 people and growing one hectare of wheat or maize requires only 2 hours of working. Numerous resource-poor farmers extensively exploit rainfed rice, which has not much been improved, in terms of productivity and efficiency during the Green Revolution. It provides great opportunities for new ideas and initiatives to adjust the present farming structure, aimed at improving farmers’ production, productivity and income. It is essential to introduce irrigation facilities, improve its infrastructures, and provide social, financial and technical services to this agro-ecology, with emphasis on the rainfed lowland rice. The rainfed upland rice occupies about 9% of the world rice area, and its average yield is relatively low (around 1 t/ha) and hardly improved, due to its social and technical problems; hence it receives no bright future.

There are a number of speciality rice like Basmati fetch 300% to 500% more than the normal rice (US$1,000 per ton). The agro-climate of several countries in the tropical region, with moderate temperature during the day and cooler temperature during night, is ideal for growing superior quality rice like Basmati, Japonica rices and Tám Thơm. There are a number of such speciality rices needed for processing industry, food flavouring industry and organically grown food processing can be grown and supplied to the world market.  With major pests and diseases not present in Africa, rice cultivation is feasible without any fungicides or insecticides making organically grown rice a reality. This trend is catching up and in future specialised exports can bring in more money for the investor. The other peculiarity of many developing countries, absence of pesticides and other harmful agrochemical in rainfed conditions, could be exploited to produce organic rice. Market for organic rice is building up in the countries that have money to afford it at higher price.

Japonica rice is found in the temperate zones and in the cooler areas of the tropical zones in the world. The grains of traditional japonica varieties are generally short and wide and  have lower amylose content than the indica varieties. Japonica rice can be differentiated into "Temperate japonica rice" and "Tropical japonica rice" types. In general, the international public intention on the japonica rice is less than the indica rice due to the small amount of production and trade in the world. Japonica rice is irrigated and high input production system in most areas. Rice research and development are more advanced. However, sustainable japonica rice production still faces with unfavourable technical factors such as the limited water supply, low temperature, pests, diseases, and yield plateau; and socio-economic factors, especially the high production costs, and increased concerns for environmental degradation. The japonica rice cultivation was estimated around 82 million tons which is 14.3 % to the world rice output in 1997. The major japonica rice producing countries include China, Japan, USA, Korea Rep, Egypt, Korea DPR, Italy and Australia.

Although much progress has been made in the prevention of post-harvest losses, rice losses average between 10 and 30 percent. These rice losses are significant during critical operations such as harvesting, threshing, drying, storage and milling, along the rice post harvest chain, particularly in the rainy season in developing countries. The major reasons for these losses are poverty, insufficient or scarce access to technical information, and lack of access to appropriate technologies.

Rice is central to many government development and food security programmes. Historically, most governments in the major rice producing and consuming countries developed policies that maintain stable paddy price for consumers in urban centers and provide subsidies to rice farmers. These policies led to a continuous expansion of rice production and held market prices within the purchasing power of low-income consumers. In countries that are major rice exporters, policies favored the export market, often at the expense of the producers. In the U.S., Western Europe and other Asian developed countries, rice is one of the most highly subsidized crops, resulting in huge government expenditures to support rice growers. This high level of protection has contributed to the low levels of rice international trade, which currently accounts for only 5-7 percent of global production, compared with about 12 percent for maize and 18 percent for wheat. However, this situation began to change in the 1980s, with the implementation of structural adjustment programmes and, in 1994, with the WTO Agreement on Agriculture (GATT), which provided the bases for reduced government intervention and trade liberalization.  
Emerging modern technologies are available to help improve rice productivity and efficiency. Although scientists estimate that high-yielding rice varieties can produce as much as 11 tonnes per hectare, in reality, even using current management practices, farmers only produce about 7 or 8 tonnes. And in developing countries with less input, less technology and knowledge gap, 4 to 5 tonnes is considered a good commercial yield. A sizeable yield gap of 10 to 60% exists across rice ecologies in the Asia-Pacific, African and Latin American regions.  Contributors to the yield gap in different countries include biophysical, technical, socio-economic, and institutional/policy factors. The technology transfer constraints include competence and equipment of extension staff, research-development and extension integration, farmers’ cognitive blocks, knowledge and skills, weak linkage among public, private, NGO and extension workers.  

Rice check is an integrated crop management, with the participation of rice farmers, extension workers and researchers. This approach has been deployed for different crops, such as rice, maize, soybean... in the U.S. and Australia for many years. Australia increased rice yield from 6 t/ha in 1987 to 9.6 t/ha in 2000, mainly due to the use of rice check approach. This method is characterized by the following: (i) All cultural operations should be targeted, (ii) Farmers should take notes during the growing season, (iii) Farmers compare the set targets and obtained results after harvesting and (iv) Farmers should draw lessons learnt and take appropriate actions for improving the weaknesses in the coming season.  

Precision farming is an emerging technology born of information age with a well-developed agriculture, with the aim of increasing farm productivity and efficiency, reducing production costs and alleviating environmental impacts. This integrated crop management is used to match the kind and amount of inputs with actual crop needs for small area within a farm field. This is a site-specific management, which is the old idea of doing the right thing, at the right place and at the right time. The use of this technology is quite different for a large-scale farming (US, Europe, Latin America) and small-scale farming (Japan, Korea, Taiwan and other  developing countries).

Hybrid technology gives high-yielding varieties a boost and allows farmers to obtain 15 to 20 percent more rice than conventional high-yielding varieties. The first country to extensively use hybrid rice was China. Between 1976 and 1992, the area cultivated with hybrid rice jumped from practically zero to 15 million ha or more than 50 percent of the total, bringing a gain in production of 220 million. Unfortunately, many countries lack proper training and the capital for investment. The cost of hybrid seed production is three to four times higher than normal seeds - out of reach for most poor farmers. A few international organizations/institutions, such as FAO, IRRI, UNDP and ADB have helped many nations to gain the expertise to start their own hybrid rice programmes. The first generation of hybrid rice was 3-line hybrids. In the last few years Chinese scientists released 2-line hybrids, which have about 5 to 10% more yield than 3-line hybrids. Viet Nam, India and the Philippines have recently commercialised this rice.

"Super rice": The yield of rice has increased during the last two decades and has now reached a plateau.  The variety IR 8 which was released by IRRI in 1966, still has the highest yield potential (10-11 t/ha) against the other improved varieties, recently introduced to farmers in Asia. Since the mid-1980s, IRRI has been working to raise the genetic yield potential of rice from the current level of about 10 tonnes per hectare to 12 or 13. At present, several promising lines with high yield have been developed, but they are susceptible to brown plant hoppers, and have high percentage of unfilled grains and low grain quality. Some scientists, however, are still skeptical about the productivity, sustainability and environmental impact of super rice.  The work in the development of C4 rice plants is still going on. 
Biotechnology for increased rice production: Considerable progress has been made toward a “New Frontier Upstream Rice Research Programme,” particularly on the genetic engineering of rice for resistance to brown plant hoppers, yellow stem borers, tungro virus, rice ragged stunt virus, bacterial leaf blight, and sheath blight. IRRI has worked on Bt toxin gene and coat protein gene for ragged stunt virus, a gene for submergence tolerance, a gene for controlling CMS lines and nitrogen-fixing genes for rice plants. Golden Rice, a variety with high levels of pro-vitamin A, has been successful in trials. The next step is adapting it to the conditions of developing countries. The most important achievement in rice biotechnology is sequencing and mapping of rice genome, which was completed by the International Rice Genome Sequencing Project (IRGSP) and other public and private institutions in 2001. 
The continued increase in population has promote the intensification of rice production, which has caused depletion of natural resources and considerable damage to the environment, including the build up of salinity/alkalinity, water pollution and health hazards due to excessive use of agro-chemicals, and emission of important greenhouse gases. Today’s challenges for rice scientists and policy makers are to ensure national food security with less land, water and labour in the context of WTO agreement and globalization, and reduce poverty for the region’s growing population, particularly in rural areas and remote regions, while enhancing farmer livelihoods and ensuring environmental conservation for sustainable rice production in the future. Globally, this work has become complex and requires collective action by all stakeholders. The United Nations (UN) declaration on the International Year of Rice in 2004 is an opportunity to raise national and global awareness as to the importance of rice when addressing food security, poverty alleviation, and environmental management.
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