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I. THE IMPORTANCE OF VIETNAM RICE CULTIVATION
Viet Nam is the country that has rice farming tradition. The wet rice civilization has been existed for more than 4,000 years, and Viet Nam – considered as the origin of the rice, is located in geographic zone that spreads out from the foot of Hymalaya mountain to the East coast. Viet Nam is located in the meridian of 15 and between the latitude of 80B - 23 0B and divided into 7 agricultural ecologic regions (The North mountainous region, the Red River Delta, the Central-North Vietnam, the Central-South Vietnam, the Western Highlands, the Southeast  Vietnam, the Mekong Delta). The rice is the basic food of Vietnamese people. The rice can exist and adapt to various environmental conditions: e.g. upland rice, natural wet rice, deep wet rice, floating wet rice; with different soil conditions such as alum soil, saline soil, alluvial soil; the mechanical composition from heavy clay to loamy light sand; bearing the hot, the cold, the dry, and the drought in variant latitudes, altitudes, which are very diversified properties that not all grain crops can have. The rice, a basic food source with bringing the employment to millions of Vietnamese people, plays an important role in the social, political and economic life in Viet Nam’s development history. The rice provides primary nutrients: including starch, microquantity nutrients in unpolished rice with necessary protein forms, lipids, tiamin, robiflavin, niacin, α-tecopherol, necessary active substances for hypertensives, antioxydants with cancer prevention, v.v… However, the countries that the rice is main food in meals, e.g. Viet Nam, should care for the programs on selection and creation of rice variety in order to prevent the sydromes of vitamin A and iron deficiency.
Iron deficiency: Phytic acid is a phosphatic ester of inositol, and its molecular structure is myo-inositol 1,2,3,4,5,6 hexakis dihydrogen (Ins P6). Phytic acid is a chelate with the function of keeping the iron so that it isn’t absorbed in small intestine. The rice is the main caloric supplier in daily meals of Vietnamese people, so the syndrome of iron deficiency, “anemia”, is very popular for the women and the children. Creating new rice strains with low content of phytic acid is an urgent need. In the past years, the Mekong Delta Rice Institute co-operated with IAEA for finding the gene mutation which has the recessive genes of lpa-1, lpa-3 in order to control the content of phytic acid to the low level. However, in the analysis of allele and objective gene location for serving efficiently experts on selecting and cross-creating new rice strains by molecular indicator (Buu and Lang, 2008), the genetic diagram hasn’t been completed yet.
Vitamin A deficiency: In rice gene bank, there is no any material source with the expression of vitamin A. In the statistics of WHO (World Health Organization), there are 40% children in the age from 6 months to 5 years, and 30% children in the age of school to get the symptom of vitamin A deficiency. Also, there are 50% the pregnant or lactating women face some problems due to vitamin A deficiency. Therefore, the first gene altered rice variety (Golden Rice) in the world was created by Dr. Ingo Potrykus and Dr. Peter Beyer in 2000. After that, the Golden Rice of which the content of beta carotene is multiplicative in comparison with the first one also created by the two groups of researchers of Syngenta. Golden Rice-1 was developed in 2003, and Golden Rice-2 developed in 2005. The applied technology for creating the golden rice by the principle which beta carotene agglomerated on rice leaves is not better than the method of gene transfer with beta carotene transposed in rice-endosperm. As expected, the golden rice will be commercialized in the Philippines and the world in 2011 by the development project of  “Bill and Melinda Gate Foundation” financed by IRRI.

In the South Asia and Africa, the people use parboiled rice as main food; which means that the rice precooked at high temperature before drying and storing. Then, the rice crushed before cooking. In this temperature condition, thiamin, riboflavin and some other necessary nutrients entered deeply the rice-endosperm, which helps users avoid some diseases on subnutrition, e.g. beriberi.

So far, the rice is the basic food of 39 nations and geographic zone in the world; the rice provides from 35% to 59% calorie resources for more than 3 billion people (Tran Van Dat, 2002). At present, the mean increase in the world population is 1 billion people/14 years. The crop area per capita: 0.4 hectare/year (1996); 0.25 hectare/year (1998), and 0.15 hectare in 2050 as expected. The rate of population increase is low: increasing 2.1% /year in the 1980s, and 1.0% in the 1990s. Now, the mankind is facing many challenges, e.g. the decrease in the area of agricultural land in 2050 (1.5 billion hectares), the decrease in irrigational water quantity for agriculture, and the requirement of the double increase in food output. In Viet Nam, the population is now 86.4 million people, with the increase rate is 1 million people/ year recently; in comparison with 2001, the mean decrease in the rice farming area is 58,700 hectares/year; the rice farming area decreases 325,000 hectares [Farming Bureau 2008]. The changes in the climate will still progress complicatedly for rice production in the no longer future. Biotechnology shall be applied efficiently in agriculture to obtain the objectives of poverty reduction and food security.

II. HISTORY OF VIETNAM RICE FARMING 
The history of wet rice farming in Viet Nam was set up the well-known wet rice culture in Asia. In the end of the age of Peace culture (8,000 years), the primary agriculture was formed. The human picked and gleaned wild rice, lived in marsh areas, and knew how to crush rice husks before cooking. In the age of Bac Son culture (6,000 – 5,000 years); the residents in Viet Nam accumulated lots of experience in rice farming. They cultivated the rice in the places where were close their residence, mainly mountain fields, valleys, marshes. Rice farming tribes appeared in this age, which marked a new development stage in the development history of Vietnamese civilization, with the stable life, instead of shifting cultivation of wandering hilltribes (Tran Van Dat, 2002). After that, with the development of metallurgy, the agriculture  continued to be in prosperity, especially in the age of Hung King. During the process of national development and establishment, the Vietnamese has improved constantly the rice farming to meet food demand in accordance with the pressure of the increase in population. In the first century, the population in three districts, Giao Chi, Cuu Chan and Nhat Nam was approximately 1 million people (according to Tran Han Thu). In the early of the 15th century, the population was 3,300,100 people (according to Du Dia Chi of Nguyen Trai). The population of Viet Nam was 30 million people in 1921, and 54 million people in 1980, and it is more than 80 million people currently (FAO 2000).

The appearance time of rice farming tribes has been unknown yet, and it may be in the end of the new stone age (6,000 – 5,000 years formerly) as guessed. Because domestic animals and good tools didn’t exist yet at that time, the ancients had to use their strength to overcome the nature. They used fire to clean up the soil, stone axes to cut trees, long sticks to prick holes in the ground for sowing, then covering with soil, and waiting for ripen rice and harvest. Besides, when the life of human became stable, the social cummunity organization was developed more and more.
° Ha Long culture with vestiges: axes, “bons” with handle, core borers.
° Bau Tro culture (Nghe An, Ha Tinh, Quang Binh), with vestiges: very big grinding tables and graters, stone picks with grip joined in handle.

° Cau Sat culture (Xuan Loc, Dong Nai) with narrow-shouldered axes, triangle axes, buffalo hoof picks, chisels, semi-lunar tools (sickles, fatal shears) [Hoang Xuan Chinh et. al.1978]; especially tools for rice harvest.

Radiocarbon analysis, Phung Nguyen culture (4,000 – 3,500 years), with Dong Dau vestiges (Vinh Phuc): the display of round burnt rice-seeds; or the pollen of wet rice strain, at the date of 3,405 ± 50 years – in Trang Kenh vestige (Hai Phong) (Nguyen Phan Quang and Vo Xuan Dan, 2000). Mountain field rice and wet rice were grown popular by primitive facilities; since the end of the age of Bac Son culture, stone techniques was in high level, and stone turning ang sawing techniques became skilled (Tran Van Dat, 2002).
Viet Nam rice farming history associated with the development of dykes and irrigation. It is proved that the techniques of rice transplantation has been existed since the age of Hung King. Mountain Genie and Water Genie legend is the evidence which shows the ancients’ care for irrigational agriculture. Earthworking method for wet rice fields included (i) using long sticks to work rough ground associated with trampling by feet; (ii) loosening by buffaloes; (iii) working the soil carefully by ploughes and picks (bronze and iron). Manual rice mortars and pestles are the artistic images shown on the surface of Dong Son kettledrum, and Ngoc Lu, Da River, Hoang Ha drums (Bui Thiet, 2000). For crops, in Di Vat Chi volume “Giao Chi rice was grown twice a year in summer and winter” (Bui Huy Giap, 1999).

The golden age of Vietnamese agricultural development was marked in the 15th century. The physiocrat policy carried out the agricultural land regime established by the later Le dynasty in communes for restoring fallow fields. The royal decree of plantation establishment for “exploiting maximum in agriculture, and expanding compact sources to the State” issued by Le Thanh Tong king (1481). Besides titles such as chief envoy and assitant envoy of plantation, mandarin of dykes and rivers, the mandarin of “Encouragement on agricultural expansion” whose function is to speed up agricultural production at province and district levels formed by the State. The social interests were protected strictly by Hong Duc laws that “If there is no any damages in agriculture, it won’t be licensed to mobilize the masses’ power” (Dao Duy Anh, 1938).
The rice yields obtained approximately 0.5-1.0 ton/ha from 938 AD (Anno Domini) to 1,900. The rice yield obtained 1.22 ton/ha in 1927, 1.43 ton/ha in 1955, 2.10 ton/ha in 1970. After the international success of Than Nong 8 rice strain (IR 8) in green revolution done by IRRI, Viet Nam also carried out the programs of rice strain improvement, irrigational development, suitable fertilizer application in order to increase the rice yield from 3.2 ton/ha (1990), 4.2 ton/ha (2000) up to 5.02 ton/ha in 2008, with the paddy output of 38.6 million tons.
III. RICE PRODUCTION FROM THE 19th CENTURY TO GREEN REVOLUTION 
The development of rice production in the French domination time was mainly for special benefits of the French and its partners. The majority of Vietnamese farmers were utterly miserable. The two million deceased due to the starvation in 1945 is an specific evidence.

The technical progress of agriculture in generally and rice in specifically entered Viet Nam by the French, which helped the wet rice yield increase from 1.2 ton/hectare in the early of the  20th up to 2.0 ton/hectare in the early 1960s. The agricultural scientific research in VietNam was started in the end of the 19th century  in the colonial time but with loose organization. The organization of Indochinese agronomic research had been developed formally since 1866. Then, it was interrupted and continued in 1897 due to the ruler’s commercial demand (Dumont, 1995). The experiments of rice farming method and variety selection carried out in this stage (Angladete, 1966).

In the North Vietnam, there were 3 pilot farms established in 1904: Phu Thy (Hung Yen), Thanh Ba and La Pho (Phu Tho) [Dumont, 1995].

In the South Vietnam, there were the pilot farms of fruit trees in Bau Ca, tobaccoes in Hon Quan, rubber trees in Xa Trach (Capus, 1918). Indochinese scientific institute was established in Sai Gon (and became Agronomic Research Institute in 1919), in which there was the genetics and selection Laboratory of rice strains. In 1924, this Institute became Indochinese Agronomy and Forestry Research Institute (Dumont, 1995). The Institute continued to go on operation until the termination of the French colonial time. After that, the Institute named as Agricultural Research Institute with 2 well-known rice research centers including: Binh Duc Center (research on floating rice), Long Dinh Center (research on high yielding rice and together with the rice strain farm in Pho Isle, Bien Hoa). After 1975, the name of the Institute changed many times and into the South Vietnam Agricultural Engineering and Science Institute currently.

From 1868 to 1873, the rice farming area in Viet Nam estimated approximately 600-700 thousand hectares; after that the area increased up 2.3 million hectares in 1912 and 4.4 million hectares in 1927; and this area increased up the highest level of 5 million hectares with the output of 6 million tons (French ruling time) in 1942; in which, the South Vietnam held nearly 50%, the North Vietnam held 27% and the Central Viet Nam held 23% the total national farming area (Tran Van Dat, 2002).

In the South Vietnam, the rice farming area increased quickly thanks to reclaiming program; the area was 215,000 hectares in 1986, and 854,000 hectares in 1890, 1.174 million hectares in 1900, and 2,245 million hectares in 1924. Within 76 years, the area rapidly increased up 2 million hectares (Tran Van Dat, 2002).

In the North Vietnam (Tonky), the rice farming area was about 200-300 thousand hectares in 1873 (Dumont, 1995); and increased up 1.34 million hectares in 1927, and then increased up the highest level of 1.504 million hectares in 1942 (International Agricultural Institute, 1927-1945).

In the Central Vietnam, the rice farming area was 927,000 hectares in 1927, and obtained the highest level of 1.19 million hectares in 1944 (International Agricultural Institute, 1927-1945).

The national average rice yield increased slowly, approximately 1.2 ton/hectare, within the earliest 50 years of the 20th century. The rice yield in the North Vietnam was always the top (1.4 ton/hectare).

In the early 1960s, Vietnamese farmers started in using chemical fertilizer and selected rice strains, which made the national rice yield increase and obtain 1.9 ton/hectare. The rice output obtained 9 million tons/year.

Small water hyacinth that people in La Van village was given by “Azolla Queen” used first in Thai Binh (Bui Huy Dap, 1985); and developed popular in the North Vietnam, and since then the existence of Spring rice crop had been started, which marked the historic turning-point of success in crop change in the Red River Delta.

The green revolution has been carried out since the middle of 1960s in the world. Viet Nam was one of the pioneers in this movement. In 2000, the irrigated rice area held 65%, and it is 85% currently; which is the important premise for the increase in rice yield. IR8 rice strain entered very early the South Vietnam and named Than Nong 8 (Emperor Shen Nong 8), and then it was developed in the North Vietnam with the name of  Agriculture 8. This rice strain with vertical leaves, without photosensitivity, and with high yield (5-6 ton/hectare and even 8-9 ton/hectare) was developed to replace gradually the local traditional rice strain. The IRTP program formerly (international rice testing program) the INGER one currently (international network for genetic evaluation of rice) of International Rice Research Institute (IRRI) brought international and Vietnamese experts in rice strain selection a great opportunity for exploiting  the achievements of the green revolution. The rice strains applied in mass production such as  CR103 in the North Vietnam, Than Nong 73-2 (Emperor Shen Nong 73-2), IR36, IR42, IR19660 in the South Vietnam.
Rice export-import
Table 1: Rice farming area and rice exporting in the South of Vietnam,  1986-1925 (Tran Van Dat 2002)

	Year
	Area (ha)
	Export (MT ton)

	1860

1868

1870

1890

1900

1910

1920

1921

1922

1923

1924

1925
	   215.000

   522.000

   854.000

1.174.000

1.528.000

1.955.000

1.939.000

1.845.000

1.906.000

1.975.000
	  59.950

 128.894

 293.207

  540.998

  747.635

1.144.544

1.020.399

1.532.721

1.260.374

1.145.315

1.101.609

1.370.900


Viet Nam’s rice was really exported, and this export lasted until 1961 and stopped in 1968. 
From 1962 to 1988, Viet Nam had to import the rice from China, Thailand, the United States, … In the South Vietnam, there were 800,000 hectares of fallow lands due to the war. The imported rice quantity of 1.26 million tons in 1970 was the most (Tran Van Dat 2002). The  rice import in Viet Nam was really terminated in 1989 thanks to the innovatory policies of the Party and the State, Social Republic of Viet Nam. Viet Nam has really becomes the second great rice exporting country in the world for many recent years, with the output of around 4 million tons/year (triple in comparison with the year when the rice export output obtained the highest in the past).

IV. CURRENT RICE PRODUCTION 
GENERAL OBJECTIVE

Developing the rice strain that meets both two requirements of high food safety and competitive capacity of agricultural product quality, increasing the rice farmers’ income.

SPECIFIC OBJECTIVES
1. Developing the rice strains with high and stable yield, and the lasting orientation of breaking through the ceiling threshold  ( > 8-10 tons/hectare/crop)
2. Developing the rice strain with good quality to meet the taste in domestic and export markets and satisfy consumption demand higher and higher in accordance with the orientation of steady development and production.

IV-1. Summary of executed research policies and  strategies



In cultivated land policy, the association of farmers was considered as the self-control economic unit which has the strongest effects to the rice production in the past two decades. The order for pegging the rice farming area issued determinately by the State, with methods that limit using the rice farming soil for serving other purposes. The priority program of agricultural expansion encouragement treasured in producing F1 cross-bred rice strain, varieties of high grade rice for export, and integrated pest management (IPM) applied in the whole nation’s production areas. The food security funds has been established by the State to regulate rice supply and demand as well as price when necessary, and control the selling price of N fertilizer in the market (the ratio of rice price : Urea fertilizer price is 1: 1,1-1,2). This is no longer when our country is a member of WTO (World Trade Organization). The export tax of zero (0) executed by the State for the rice to encourage exporting.


The research strategy of the rice strain that has short growth cycle (100 days) in the Mekong Delta contributed to the promotion of increasing the farming area of 3.8-4.0 million hectares, and the output of 18-19 million ton/year. The research strategy of the rice strain with the stable resistance ability for the disease caused by brown backed rice plant hopper (Nivaparvata lugens) and the rice leaf burning disease help the efficiency of IPM in the whole country enhanced. Though the research strategy of the farmers’ income diversity hasn’t been developed on a large scale yet, many farming system models such as vegetables and crops in winter, rice + fish, rice + shrimp, rice + forest + fish or shrimp. With the research strategy of  decreasing the prime price in farming rice,  rice leaf color reference sheets for using N fertilizer suitably, row seeding machines with saving 50% rice seeds have been developed. This work is going on development. The research strategy of decreasing post-harvest damages was performed successful with developing rice dryers, using rice husks as fuel, and improving fan system in Soc Trang, Can Tho and some provinces in the Mekong Delta. The dried rice output of 30% the in fall-summer crop of 2006 is a great victory.



On the 10th December 1999, the Decision No. 225/1999/QĐ-TTg issued by the Prime Minister for approving the Program of crop strains, varieties of domestic animals and forest trees in the period of 2000-2005.



On January 17, 2000, the Decision No. 133/2000/QĐ-BNN-TCCB issued by Minister of Agriculture and Rural Development for establishing the Executive Committee of the research program of selecting and creating agricultural and forestal crops and domestic animal varieties in order to develop the Governmental program with the total investment costs of 20 billion VND in 2001, 30 billion VND in 2002 and 35 billion VND in 2003. This shows the Government’s great determination and the State’s special care for breeding affairs in agricultural production. The Ordinance of seed issued in 2004, which made the development orientation of systematic seed technology opened up. The confirmed rice strain has been grown in 28-30% the total farming area against 2% this area in 1999.


The good effects of these policies and strategies has been promoted, but they should be adjusted in accordance with Vietnamese agricultural development situation. The program of “land concentration into fields” has been carried out in order to gather the cultivated land scope and avoid the dispersion in the North Vietnam. The rice farming area has been adjusted until 2020 for ensuring food security and increasing  the income per agricultural land hectare.

IV-2. Research activities
For the objective No. 1

Activity 1-1: In the Mekong Delta, the farming area increased 4 million hectares approximately thanks to the research strategy of the rice strain with the short growth cycle (90-100 days). With this short day rice strain, the farmers can avoid the flood from September to November yearly, and the high grade rice strain has been developed to replace the low yield and single-crop rice strain in the whole region. The strategy will be going on performance with all efforts in order to overcome weak rice stubble feature associated with rareripe characteristic.
Activity 1-2: The research strategy of the rice with the stable resistance ability for the disease caused by brown backed rice plant hopper (Nilaparvata lugens) and the rice leaf burning disease help the efficiency of IPM in the whole country enhanced. This strategy will be going on with the positive efforts of molecular marker method applied in strain selection (MAS).
Activity 1-3: The strategy of using exactly the native material source and external source (exotic) in the scope of advanced backcross population has been encouraged for crops, especially quantity feature correlated with environment is complicatedly (such as the features of droughty resistance, salty resistance, phosphoric deficient resistance,…). Besides, the materials with high bridging function and compatibility should be determined in the cases of far cross, cross between two various species, cross between two various subspecies, or exploited tasty feature from low-yield and traditional trees to put into high yield crops.

Activity 1-4: There are many challenges in carrying out the breakout strategy of yield through exploiting rice cross dominance or creating the rice strain with new shape in the Mekong Delta. With the cross dominant rice strain, the Mekong Delta will become the potential cross seed producing place in the whole country. At present, it is still too early to conclude the efficiency of the cross dominance exploiting strategy. However, the real efficiency of this strategy has been existed in populous areas where the cultivated land area/farmer household is low. The row seeding technique will be a very promising instrument for the successful development of cross rice in the regions without rice transplant habits.

For the objective No. 2

Activity 2-1: The strategy of creating the rice strain with the number one good point is long seed, the amylose content of 20% approximately, little silvered belly, and the next one is flavour. The value of traditional seed creating and selecting method is still existed in improving the rice strains in accordance with the objective of this strategy. However, it should be associated with modern methods to obtain the better efficiency.


Though the two following activities are not under the strain selecting field, they are very important and should be discussed so that the objective No. 2 carried out completely.
Activity 2-2: The seeding technology is the worst point of the Mekong Delta, and the development of seeding technology including (1) seeding producing techniques (2) seeding quality tests and certification, (3) law system of seeding (seedlegislation), (4) the government’s seeding policy (e.g. copyright, production organization, market management,…) are the meaningful advanced affairs that show the competitive capacity of Vietnamsese rice against the other countries’ in the area. In the present, we should strengthen and develop the propagation system from Institutes, Schools to the provincial seeding centers so that the seeding address is really existed. In the case of without the price support from the 1 million hectares program of export rice, what must we do in the future? That is a question in full responsible for managers and scientists in the Mekong Delta after Viet Nam has been a member of WTO.

Activity 2-3: Besides the advances of strain, the main contents of post-harvest technology should be developed. Drying, storing, chafing, glazing, packing, labelling, and trademark should be carried out systematically by specific standards and strict inspection. Developing the forecasting system of market, price, supply and demand helps farmers and enterprises choose and decide the mode of trade and production.



In the whole Mekong Delta, the farmers’ rice storage system with average storing capacity of 2 months/year which is a worrying number (The investigation results of and Sub-Institute for Electromechanics and Post-harvest Technology in 2005).
IV-3. Achievements of current rice production 
Table 2: Nationwide rice farming area (Central Statistical Office - 2009) (thousand ha)

	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008


	7666.3
	7492.7
	7504.3
	7452.2
	7445.3
	7329.2
	7324.8
	7207.4
	7414.3



· 2008: Preliminary calculation
In the total rice farming area of 4.1 million hectares, there was 1.15 million hectares in the Red River Delta, and 3,86 million hectares in the Mekong Delta (2008).
Table 3: Nationwide rice production (Central Statistical Office - 2009) (x 1,000MT tons)

	Year
	Total
	Pring- winter crop
	Fall- summer crop
	Seasonal crop

	2000
	32529.5
	15571.2
	8625.0
	8333.3

	2001
	32108.4
	15474.4
	8328.4
	8305.6

	2002
	34447.2
	16719.6
	9188.7
	8538.9

	2003
	34568.8
	16822.7
	9400.8
	8345.3

	2004
	36148.9
	17078.0
	10430.9
	8640.0

	2005
	35832.9
	17331.6
	10436.2
	8065.1

	2006
	35849.5
	17588.2
	9693.9
	8567.4

	2007
	35942.7
	17024.1
	10140.8
	8777.8

	2008
	38725.1
	18325.5
	11414.2
	8985.4


  Table 4: Nationwide rice productivity (Central Statistical Office - 2009) (MT ton/ ha)
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	Preliminary 2008


	4,24
	4,29
	4,59
	4,64
	4,86
	4,89
	4,89
	4,99
	5,22



In which, the rice yield obtained 5.88 ton/hectare in the Red River Delta, 4.33 ton/hectare in the Midland and the Northern mountainous region, 5.05 ton/hectare in the Central-North Vietnam and the Central-South Vietnam littoral, 4.43 ton/hectare in the Western Highlands, 4.25 ton/hectare in the South-east Vietnam, and 5.36 ton/hectare in the Mekong Delta (2008).


The ecologic regions farming the rice can be listed as follows: in 1997, in the total rice farming area, there were 60% for irrigated rice, 20% for natural wet rice, 10% for deep wet rice and 10% for upland rice (Nguyen Van Nguu, 2002). At present, the area of irrigated rice in Viet Nam is 85%, the top in the Southeast Asia.
V- SOME TECHNICAL ADVANCES OF RICE PRODUCTION IN THE MEKONG DELTA 
V-1. Fertilizer
The long term experiment of fertilizer conducted in the Mekong Delta Rice Institute shows that the effects of NPK to the rice yield from 1986 to present, through two main crops/year:

- In intensive farming conditions, there is the trend of decreasing absorbable CEC and P.
- The rice yield in fall-summer crop decreased 137 kg/hectare/year in the soil spot which put down sufficient NPK, with the decrease in 215 kg/hectare/year in the reference plot without fertilizer. Using phosphorous fertilizer slows down the decrease in yield (yield decline).

- Using SPAD meter (SPAD-502) in Nitrogenous fertilizer management for the rice shows that the optimum SPAD value of the high yield rice changed within 32-36 by straight seeding technique and 34-38 for transplanted rice, and the most important SPAD value for the decision of using nitrogen is 30.

- Using leaf-color chart (LCC) (a un-expensive and small instrument) recommended in order to help the farmers decide the most necessary time of putting down N fertilizer, which plays an important role in directing the performance of “3 decrease, 3 increase”. LCC has been accepted by the farmers,  but the rate of the farmers who apply LCC isn’t over 5%. Though this technique has helped them save 20-60 kg N/hectare (Huan et al., 1998). 

The program KN-01-03 (rice intensive farming technique) recommended with the techniques of increase in rice yield and decrease in prime cost is the premise of the further themes. The international program of SSNM (site specific nutrient management) for the rice undertaken by the national control operator, DSc. Pham Sy Tan, was summarized with many recommendations of fertilizer for various farming areas in the South Vietnam though the national summary report concerned hasn’t been carried out yet. 
The technique of using N economically has been currently cared and expanded by the regional Centers of agricultural expansion encouragement in the situation of the high increase in fertilizer price, especially the reasonable co-ordination between single fertilizer and mixed fertilizer NPK.

Potassium fertilizer put down through leaves in the juicy rice stage has been tested, too.

Common recommendation: For Spring-Winter: 100-30-30 kg N-P2O5 – K2O kg / hectare
                                             For Fall-Summer:    80-40-30 kg N-P2O5 – K2O kg / hectare
Specifically for each land region, recommends using the fertilizer by SSNM (site specific nutrient management)
As recommended, the longer interrupted duration between Spring-Winter and Fall-Summer crops is, the better it is through the rotation farming with subsidiary crops or ploughing the soil loose and drying the soil. The organic substances in the constant watered soil will exist under polyphenol form and tighten the soil nutrients, which reduces the rice yield after many intensive farming years, with 3 constant crops in the year (called as the event of yield declining).
V-2. Row seeding
  
Applying the technique of row seeder innovated from the “drum seeder” of IRRI has been performed since 1990. Thanks to this technique, the quantity of seeds reduced up 50% in the Mekong Delta. The popular seeding density by this technique is 70-100 kg/hectare. In the experimental models of cross-rice in the Mekong Delta, the density can be 50 kg/hectare. This content is an important part in the strategy of three decreases (decrease in seeding density, decrease in the dosage of nitrogen fertilizer, decrease in the dosage of pesticide).
V-3. Integrated Pest Management (IPM) and Three decreases - Three increases 

Integrated Pest Management is mainly applied successful for brown backed rice plant hopper (Nilaparvata lugens). Seeding carried out simultaneous to avoid Nilaparvata lugens by the technique of three decreases (decrease in seeding density, decrease in the dosage of pesticide, decrease in the dosage of nitrogen fertilizer) with the great efficiency in 2006 and 2007 as proved. Using certified seeds is the demand more and more necessary for the farmers. Resistible-rice strains and the rate of top varieties in production structure (<40%) play an important role for maintaining biological diversity on the fields as well as giving the decision of pest management. The thinly sowing with the density of less than 100 kg/hectare also shows the certain efficiency of this content through the decrease in pest population and the rate of important diseases such as Rice blast disease, Rhizoctonia solani in the South Vietnam.

Spraying chemicals in accordance with the principle of 4 rights (right pesticide, right dosage, right time, right method) is a significant content for carrying out IPM.


Not spraying chemicals within the first 40 days after sowing is also recommended with the acceptance of 30-40% the farmers, which is still applied until now.


The former technique of spraying chemicals 1-2 times/crop has been changed into the content of three decreases, in which, the decrease in spraying pesticide has been recommended.

Farmers instruct farmers, which is the main content in the network of agricultural expansion encouragement by the form of clubs. Noting and multiplying the natural enency of rice pests are the contents that should be trained constantly.


The technique of treating seeds to prevent Bakanae disease and foot rot should be recommended deeply and popularly, especially for the rice strains which are sensitive to Fusarium such as Jasmine 85, VND 95-20, etc.
Table 5: The assessment results of IPM in the rice production in Tien Giang, Can Tho, Long An (1999)
	
	N (kg/ha)
	P2O5 (kg/ha)
	P2O (kg/ha)
	Pesticide (g.a.i. /ha)
	Productivity (MT ton/ha)

	without IPM
	112,5
	54,93
	12,93
	1.465
	6,505

	With IPM
	112,7
	59,24
	15,08
	1.104
	6,131

	Average
	112,6
	56,88
	13,09
	1.302
	6,336


V-4. Short day and high yield rice strains, with the capacity of Nilaparvata lugens resistance

Brown backed rice plant hopper (Nilaparvata lugens) is considered as the most significant harmful insect species for the rice. Besides the damaging effect of hopper burn, it is also the vector which transmits diseases caused by virus, e.g. rice grassy stunt virus (RGSV), Rice Ragged Stunt Virus (RRSV), and yellow dwarf recently in the Mekong Delta. The affair of selecting resistible rice strains is the way that brings the best efficiency to Nilaparvata lugens pest management associated with the method of managing Nilaparvata lugens resistance feature stably on the fields.
Table 6: Genes of Nilaparvata lugens resistance are being used in rice breeding projects in the Mekong Delta
	Bph-1, bph-2, Bph-9, Bph-10, Bph-8
	Locates in chromosome no.
	12

	Bph-3, bph-12, Bph-15
	
	  4

	bph-4
	
	  6

	bph-6
	
	11

	Bph-11, bph-13, Bph-14
	
	  3


Among 18 genes of Nilaparvata lugens resistance separated in the world today, there are 8 recessive genes and 10 dominant genes. Combined genes are announced as ones between bph-2 and bph-1, bph-3 and bph-4. There are 7 genes found in wild rice strains communities being in use in Asia and Vietnam. A new resisting gene announced in 2006 is bph-8 (Jena and ctv. 2006) from a wild rice strain Oryza australiensis, located in the chromosome number 12. The new gene bph-18 developed from rice strain IR65482-7-216-1-2, thanks to marker RM6217, in the chromosome 12 has now been used. Some rice strains of Nilaparvata lugens resistance developed in cultivation through selection using molecular indicator. 


If we don’t have rice paddies of high density of Nilaparvata lugens (e.g Jasmine 85, some glutinous rice strains, etc) average adaptation index will not change,  Nilaparvata lugens resistibility may be stabilized in the groups of cultivated rice strains which are rather diverse genetically as host plants. High density of Nilaparvata lugens is the factor which changes the relation between the parasites and hosts making Nilaparvata lugens adapted and the rice strain will loose its resistibility. 


Environmental impact methods such as “three decreases, three increases”, “IPM” will be very good for such managing method.


The loss of Nilaparvata lugens resistibility due to mixed mating in 1990s should be noted in the case of wild origin rice strains in the Mekong Delta. That is because most of the genes controlling resistibility are recessive genes bph-11, bph-12 originated from Oryza officinalis rice strain. The resistibility will appear only when the homozygote is recessive. In the case of mixed mating, individuals in the community will be heterozygote thus the resistibility disappears completely. Therefore, the farmers should be advised to use identified seeds to stabilize the resistibility. An Giang province has carried out successfully the method “1 must, 5 decreases” (using identified seeds, the thre said decreases, limiting loss after the harvest, less watering). 


High yield rice strains growing in shorter time and Nilaparvata lugens resistibility now are advised to be used widely: OM4498, OM5930, OM2395, OM5936, OM4900, OM6061, OM6162, OM6073, and OM4668. 

V-5. Harvest by combined harvesters 

It is difficult to have labor for harvesting rice in the Mekong Delta because of the lack of seasonal workers, especially when the direct sowing is done at the same time to avoid Nilaparvata lugens.  

Technical advances in harvest by using rowing harvesters, and threshing machines have not met the requirements. 


● Recently, the Ministry has had a policy to develop combined harvesters operating in the conditions of flooded land, on heavy clay. For only 2 years of 2007 -2008, Mekong Delta has developed such harvest and met 10 -12% demand for 2009 Spring-winter crop (Cultivation Department’s figure is 26%). Some of the promising harvesters have been recognized but not by the Council of Scientists according to the stipulations of TBKT recognition.

V-6. Drying rice by horizontal grate kilns
The horizontal grate kiln heated by rice husk with an improved ventilation system have become common for farmers to dry the Fall- Summer crop. 30% rice of the Fall- Summer crop under DANIDA project (2001 – 2006) has been dried and this is an initial success to ensure rice quality for export and domestic consumption.

V-7. Economical irrigation
Economical irrigation has been applied and reviewed in a cooperation project with IRRI. An Giang is the pilot site to build the model.    

V-8. Cultivation System
The cultivation systems has been summarized with ceratin successful models: 2 rice crops + 1 farm produce (maize, soy bean), 1 spring winter rice crop + fresh water prawn, 2 rice crops + 1 fish (flood season), 1 rice crop + winged yam (Dong Thap Muoi) or sesame. 
V-9. Rice Cultivation according to GAP (good agricultural Practice)

Tien Giang province has succeeded in monitoring the rice cultivation under the GAP’s standards. After My Thanh Nam Commune was firstly recognized as EuroGAP on December 20, 2008,  The plan was developed up to 1000 ha through province in coming years.


VI. CHALLENGES TO RICE CULTIVATION IN VIETNAM

● Global climate change, marine transgression, saline contamination resulting in decreased arable land, drought in dry seasons, affects from food and crises in the world.


● The poor stamina of the rice strain groups cultivated in the field at present, more faded grains as the earth gets warmer, the high amylase content in rice, the low durability of gel to make rice more glutinous are great challenges to rice breeders.

 
● The seed technology is less paid attention to investment and there is no proper policy to make the seed technology develop.


● The outbreak of epidemics such as Nilaparvata lugens and blast disease gets more and more serious. We lack fundamental studies on genetics as a base to guide the job of using parent individuals and selecting cross-bred offspring, and keeping the biodiversity at the same time. We also lack studies on the interaction between parasites and hosts, the mechanism to pass genes to later generations, the behavior of the genes in question, the interaction between the genes’ type and the environment, the standards for necessary selection and other genetic indices such as selection index, selection effect index. 


● We lack data base to share on the internet, especially database on reserving animals and plants’ genes. We have spent a lot of money on collecting and preserving genes but no money on evaluation of phenotypes and gene types, therefore we haven’t used enough of the genes’ reserve (for instance the use of rice genes reserved in the Mekong Delta is only 0.03%).


● Low income of farmers + high probability of lacking labor force at serial harvest time + tendency of leaving fields for cities.


● In addition, the integration of Vietnam into the world economy will make new opportunities and challenges. Vietnam has become the 150th  member of the World Trade Organization and its situation is before the pressure of reducing subsidies to agricultural sector and opening its market for agricultural goods. The need of re-organizing the worldwide market has originated from developing industrial countries where production force is at high level. It’s difficult in developing countries like Vietnam where the economy is poor; enterprises are small, the law system and administrative mechanism are overlapping, market factors are not fully developed, the managerial expertise of state officers and businesses’ managers is limited. Integration to the region and to the world is not of all opportunities but also challenges, especially for farmers.

VI. NOTICES OF NEW ADVANCES IN RICE CULTIVATION 

Industrializing the rice cultivation sector: as the process of rice production in which all the cultivating activities are mechanized to increase the rice yield/ unit of land, labor’s productivity earning high profits. The followings are the experiences from advanced countries in rice cultivation such as Japan, Korea, Taiwan, Australia, … The necessary condition is that the national economy has to be grown continuously. The production is re-organized toward higher and higher scale of land concentration so that it is easier to prepare soil, to manage water sources, fertilizers, and pesticides, to harvest and to work after the harvest. The degree of mechanization is assessed according to the investment in the form of “horsepower/ hectare”. For example, Korea: 4.11; China: 3.88; Pakistan: 1.02, India: 1.0; and Thailand: 0.79; ( statistics from the Ministry of Agriculture and Rural Development 1994).  The last important one is narrowing the rice yield gaps on large scale.

Economical irrigation: Professor. Makie Kokubun (2008) at Tohuku University, Japan suggests a cultivation strategy in the conditions of the environment having been changed in a great deal while the increase of the yield in the past based on two factors simultaneously: productivity and area of cultivation, in the future only the factor of productivity can be taken into consideration. The global climate change, more contaminated environment are a great challenge. Under those conditions, water shortage and temperature below the optimal level to the plants’ physiology will be the most severe factors to limit the increasing of productivity. Solutions to those problems must be worked out in both fields simultaneously: genetic and cultivation technique. The International Rice Research Institute (IRRI) has developed an economical irrigation technique being tested in An Giang province.    

Managing fertilizers as ICM (Integrated Crop Management): Professor. Fusuo Zhang (2008) at the Chinese Agricultural University suggests a new technique to manage fertilizer use which is different from traditional ways by the farmers. This new technique can save 20 – 40% Nitrogenous fertilizer (N), 2 – 12% increase of productivity, 10 – 15% recovering capacity of N, 10 – 15% decrease of lost N. The future horticulture science will be the developing of crop modeling. The 21st century will soon be the century of “synthesizing” rather than of holistic methods and an interference of many branches and fields. These are some features of the 21st century: (i) increased population and prosperity; (ii) lack of fresh water and energy; (iii) global climate change; (iv) competition between food and biological energy; (v) increased urbanization, increased density of population/ area unit. We will have to carry out innovation by design. Biological technology will better meet the requirements of life and highly socialized. The two functions of “crop modeling” are: (i) educational discovery; and (ii) deeper understanding of crop genetics in which the interference among S (strain) x E (environment) x M (management of cultivating technique). Models being researched with emphasis are:

· Development from molecular level of genes’ set to particular crop, to the crop biological system.
· Developing C3 rice into C4 rice under the model GECROS (2008).
· Modeling the relation bridge among systemic biology, crop physiology, crop strain selection, corresponding management techniques.

· From crop modeling to assessing the damage due to climate change.

· Comparing 12 models of climate in two period of 2081 – 2100 and 1981 – 2000 to seek a good way ro risks, don’t blame for objective incidents. 

The decrease in using Nitrogenous fertilizer is significant in many rice planting areas. Research on rice yield with declining N by Cassman and ctv. 1996 and documents by Li 1991 show that to produce 1kg of rice 15 – 18 kg N is needed in the Philippines, 15 – 20 kg in China in the period of 1958 – 1963 and but to 9.1 kg N in 1981 – 1983, and now 5.0 kg N (Zhang QiFa 2008).        

The ammonium transporter genes of rice separated belong to OsATM. Genes assimilating ammonium concludes glutamine synthetase (GS1, GS2), glutamate synthase (NADH-GOGAT, Fd-GOGAT) and glutamate dehydrogenase (GDH). The genes functioning as ammonium transport and ammonium transfer concludes aspartate aminotransferase (AspAT) and asparagines synthetase (AS).

New Japanese cultivating technique: Dr. Takeshi Horie (2008) from NAFRO, Tsukuba, suggests basic techniques as followings: (i) transplanting young rice of 8 – 12 days, (ii) transplanting thinly, density of 16 plants/ m2 to exploit the prominent features of the rice yield. Modern cultivating techniques must take effects of using Nitrogenous fertilizer and the level of N recovering into consideration. For direct sowing techniques, iron-coated seeds should be used. Iron-coating machines will help treat 500 kg seed with iron powder in 2 hours. This coating will make seeds heavier to sink deeper in the mud in order not to be eaten by birds (suggestion by Yamauchi and ctv.). Aichi Center suggests a technique to plough in V-shape to prepare soil for direct sowing. NARO company suggests transplanting job should be carried out by robots to save labor force. BLASTAM tests can be used to estimate the damage caused by Magnaporthe oryzae (blast disease fungi). Mr. Horie says a cultivating technique of the future has been researching in Japan named “cultivation of diversifying, intensive farming, and clever farming” in which Information technology, robotics, underground irrigation are combined to carry out intensive farming in the conditions of more limited labor force and energy. 

New Australian cultivating technique: The Australian agricultural promotion is focusing on so-called “Rice Checks” highly appreciated by FAO (Food and Agriculture Organization) which contains of 9 steps to be checked in the process of cultivation. Those steps are: (1) soil preparation, foundation for success; (2) direct sowing in time according to the crop seasonal timing; (3) ensuring 150 – 300 buds/ m2; distributed evenly; (4) using weed-killers and plant protecting herbicides when necessary; (5) using basic fertilizer, especially Nitrogenous; (6) supplying N to the crop N at the right time based on near-infra red analysis technique; (7) supplying basic phosphate when the phosphate content of the soil is lower than 20 ppm; (8) Maintaining at least 20 -25 cm water in the field when the rice is forming pollen seeds (to avoid pollination fails due to low temperature); (9) harvesting as soon as possible when the seeds ripen 99% naturally.

C4 rice strain: Increasing the rice productivity as a “Green Revolution” s concept is changing photosynthesis cycles of rice. That is C3 rice strain is changed into C4 one. An IRRI’s project funded by Bill & Melinda Gate Foundation with an amount of USD 1 million in three years (2009 – 2012) aims at improving the rice productivity by a method named “supercharging its engine”.  Rice grows based on C3 photosynthesis cycle. Enzyme RuBisCO changes CO2 into C3 compounds called phophoglycerate by carboxylizing ribulose bisphosphate (RyBP) producing energy in the process of making sugar. However, RuBisCO can also attached to O2 instead of CO2 to make a compound of C2 named phosphoglycolate. This compound is regarded as a waste material in the sense that the rice cannot use it directly and it will kill the rice to some extent. In that way, the tree can get energy while changing phosphoglycolate into phosphoglycerate and finally into RuBP, however, changing CO2 takes place first in this process. It is called photorespiration phenomenon. The first question to think about is whether this is the process of anti-photosynthesis. Unfortunately, rice belongs to this group of plants having warning photorespiration problems as the climate gets warmer. A revolutionary solution is producing a rice strain which has C4 photosynthesis cycle. C4 photosynthesis is several times as revolutionary as natural photosynthesis. C4 rice has leaves of homogeneity anatomically.                                   

Kranz anatomical method decreases the photorespiration phenomenon significantly by telling the difference between two photosynthesis kinds of cells:  mesophyll cell and of vessel cells in ochrea. In the mesophyll cell CO2 is changed into bicarbonate and attarched to PEF (phosphonenopyruvate) to form a pre-C4 substance, oxaloacetate which will be changed to malate. This malate will be transported to vessel bunches in ochrea where enzymes decarboxylize freeing CO2 to make a C3 compound called pyruvate. CO2 is freed once more by RuBisCO in the Calvin cycle like it is in the case of C3 plant, and pyruvate is diffused back to mesophyll tissues to be use to regenerate PEP. The C4 metabolic cycle is repeated. In each cycle the plant receive CO2 to pump it to vessel brunches in ochrea to raise the amount of CO2 in ochrea cells significantly. C4 plants also carry out C3 cycles and Calvin cycle with RuBisCO totally in the ochrea cell to increase CO2 many-fold. It is this RuBisCO that operates effectively to reduce the photorespiration to very low and the plant’s photosynthesis becomes very effective. C4 plants such as kaoliang or corn produce a big living mass/ light unit I comparison with C3 plant. The difference in living mass reflects the effectiveness in C4 plants’ photosynthesis. If this trait can be developed in the rice plant the rice yield will be greater significantly. With this, we are making the second time green revolution to ensure food safety worldwide. Three phases are planned: (1) changing C3 plants to transitional C3/C4 plants in which the structure of Kranz Anatomy is formed and intercellular transportation is changed accordingly in order for metabolic substances to exchange easily between mesophyll and ochrea vessel cells.; (2) changing the transitional C3/C4 plant to the complete C4 plant to up-regulate already existing genes to allow the C4 cycle to start. This program is implemented to have transcriptomes of C3/C4 and C4 species. These transcriptomes are compared to know which gene is appropriate to the change from C3 conditions to C4 ones. This requires us to examine carefully genetics of the evolution to C4; (3) C4 functions will be optimized and completed. In the final phase, C4 rice plant will be cross bred with a local rice strain to optimize its agronomic traits in the field. If successful, IRRI’s scientists estimate that rice production will increase to USD 104 billion/ year and to over USD 1,000 billion in 10 years. After the C4 rice plant, C4 soy bean is expected to come into life under the research job of CIMMYT.

Drought proof rice strain: Drought proof traits have a very low genetic coefficient and strong interaction between gene and environment so the identifying its phenotype in the field is very difficult. There are genes responding to drought stress in the gene collection N22 ESTs (see dbEST database of NCBI). They use profiling technique to assess the genes’ degree of showing in microarray. The promising genes present in N22 rice strain have been prepared from cDNA library. They have made makers belonging to SNP in the areas not coded (intragenic, UTRs, introns, promoter, …). The community in the map QTL produced from cross bred pairs CT9993/ IR6226, Azucena/ Ir64, Nootripathu/ IR20. SNPs are used to cover the promising loci with the total of 985,536 base pairs. Physical maps have been made based on chromosomes number 1,2,3, and 4. Signals are transmitted through the receivers and specific0 proteins as followings: IPP, MAPK, CDPK, Ca-Calmodulin, R56K, RAS, RAB, RAC. pSNPs (from promoter) and rSNPs (from the regulating area) are established with discontinuous section 8 bp at the interval -40, places of  A/G and T/C. The promising genes’ haplotypes are located in the interval of 45.6 -49.1 cM. Those are proposed QTL DQE 10 – CQH 30.

A conclusion has been drawn that in the world  human activities are responsible for 87% of desertization, climatic impact for only 13%.              

Plants’ self protecting antioxidative mechanism against this kind of stress is identified in the cell chloroplast (Nelson 2008, Zeigler 2008). Development of  genetically transformed plants like sweet potato (Ipomea batatas L.Lam), potato (Solaum tuberosum L.), and fescue grass (Festuca arundinacea Schred.) to enhance the traits against many kinds of environmental stress has been carried out. The genes Cu/Zn superoxide dismutase and ascorbate peroxidase are identified in the plant’s chloroplast with the use of corresponding promoter of SWPA2 (oxidative stress inducible peroxodase). Genetically changed sweet potato is regarded as a plant against many kinds of environmental stress to serve the dream of making deserts green in the future.

Flood proof rice strains: The success in separation of flood resisting gene Sub-1 was a prominent event in 2008 at IRRI. The area of wild rice totally under the water is estimated to be 15 million hectares. Three rice strains having flood resisting genes isolated are FR13A, Goda Heenati, Kurkaruppan. Details about these rice strains and about genes Sub-1 in the chromosome number 9 were published in famous magazines [ Xu K. Deb R, Mackill DJ (2004) Crop Sci 44: 248-253; Xu K et al (2006) Nature 442: 705-708]. Three genes Sub-1A, Sub-1B, and Sub-1C have been isolated. Finally, they succeeded in assimilating gene Sub-1A controlling chiefly the trait of resisting the totally under flood state from 7 to 10 days. Vietnam will need this trait badly in the circumstance of climatic change. IRRI is combining the gene resting salinity SalTol in chromosome number 1 and gene resisting flood Sub-1 in chromosome number 9 in the same rice strain. 

High quality rice strains adapting to the climate change: Hiromoto Yamakawa (2008) of NARC, Japan, has studied the grain filling of rice plants under the conditions of high temperature. Genes relating biological synthesis of starch such as GBSSI, BEIIb, cytosolic pyruvate orthophosphatase dikinase (cyPPDKP), and 13-kD prolaminegenes are harmonized in the “down-regulated” forms under high temperature, while genes amylase and HSPs in the “up-regulated” forms. The grain’s ripening phase under high temperature will produce faded grain and the weight of grains will reduce. This is warned by Ms. Melissa Fritzland (IRRI) at the beginning of 2007.

Challenges to the world’s and Vietnam’s food safety are: (i) the global climatic change making the atmosphere warmer, (ii) water shortage in horticulture, (iii) risks of food shortage due to arable land reduced and population increased, (iv) non biological stress getting more serious, especially droughts, In addition, harmful insects getting more common due to human beings’ behaviors in intensive farming unsustainably so biological balances in the fields are destroyed. The systematic features in agriculture have disappeared at some places. Applying biological technology together with traditional farming methods are being encouraged. 

 *Golden Rice contains vitamin A, iron, zinc. Gene psy of daffodil and ctr-1 of bacteria Erwinia (35 microgram Betacarotene/ gram) have been isolated. This rice strain will be testied in 2012 and planted in the Philippines in 2013 (to treat 250-500 thousand children having dry retina/ year). This rice strain will be planted by IRRI in 2011.   

 * C4 rice, C4 soy bean: give 50% greater production.           

* Biotech rice prevents blood high pressure: its coded genes are GABA and NA.

* Hepatitis B vaccine from biotech rice strain (gene SSR1).

* Biotech rice accumulating “type II collagen telogeneric” in cartilage tissues to treat arthritis.

* Biotech rice resisting blast disease having Mj-AMP2 from Mirabilis jalapa plant.

* Biotech rice having protein ACE against blood high pressure (Tokyo University).

* Biotech rice generating vaccine against parasitic worms: gene As16 (Tokyo University).

Source: Organization Committee
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