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Welcome Address 

Prof. Dr. Tran Duc Vien 

Rector of Hanoi University of Agriculture 

On behalf of all the faculty, staff and students of Hanoi University of Agriculture (HUA), 

I would like to warmly welcome and thank you all for attending “Hybrid Rice and Agro-

Ecosystem,” an international seminar funded by the Vietnamese Ministry of Education and 

Training (MOET) and the Japan Society for Promotion of Science (JSPS).  

Hybrid rice (HR) has been cultivated on about 18 million acres across China and makes 

up 66 % of the country’s rice crop. HR has also been expanded in other rice planting countries 

like Vietnam, India, the Philippines, Bangladesh, Myanmar, etc. Besides importing foreign HR 

varieties, Vietnam has been trying its best to promote and expand the use of HR varieties. The 

annual HR-cultivated area in Vietnam is approximately 560,000 acres. The use of HR varieties 

has helped to increase grain yield which ensures food security, to increase farmer income; and 

moreover, HR seed production has contributed to rural job opportunities.  

HUA has gained remarkable achievements in hybrid rice research with effective support 

from MOET and Ministry of Agriculture and Rural Development (MARD) as well as through 

cooperation with institutions from Vietnam, China, Japan (Kyushu University - KU) and 

international organizations such as FAO and IRRI. HUA scientists have successfully bred many 

thermo-sensitive genic male sterile (TGMS) lines; among them, 103
s

, T29
s

 and T1
s

96 which have 

been used for F
1
 hybrid rice breeding in Vietnam. In 2004, the first national HR variety, VietLai 

20, was developed by HUA in cooperation with Kyushu scientists under the Education and 

Research Capacity Building (ERCB) project funded by the Japan International Cooperation 

Agency (JICA). Since then, more F
1
 HR varieties have been bred by HUA’ scientists, such as 

TH3-3, TH5-1, TH3-4 and VietLai 24. These were also authorized as national varieties and have 

been cultivated on thousands of acres.  Ecosystems have been affected as the result of changes in 

the cropping patterns of hybrid rice production. In addition, the social-economics in rural areas 

may change due to the high input needed for HR production and more. HR production might also 

decrease benefits to farmers in some cases.  �

Thus far, many studies conducted in cooperation between HUA and KU, funded by the 

Japan Society for Promotion of Science (JSPS) Platform Project and HUA, have made significant 

progress in the hybrid rice sciences: breeding F
1
 hybrid rice for bacterial blight resistance in 

Northern Vietnam (NV), releasing F
1
 seed production systems in NV, adapting a growth pattern 

ideal for low-input production practices, environment and ecosystem conservation, and revealing 

socioeconomic issues related to hybrid rice.  

In order to have a systematic examination of HR production and Agro-ecosystem,  HUA 

and KU have organized this seminar that brings together both international and Vietnamese 

experts in hybrid rice and agro-ecology, who have experience in HR research and development in 

the Vietnamese context. 

  The seminar will cover a wide spectrum of keynote speeches and four sessions:  

Session 1:  Hybrid rice breeding  

Session 2:  Crop production system and extension of hybrid rice  

Session 3: Environment and Ecosystem  

Session 4:  Social economics related to hybrid rice  �



and other fields of interest.  

The seminar will assess current and propose potential strategies, through presentations 

and group discussions, to increase the effectiveness and sustainability of HR production in 

Vietnam and other developing countries as a whole.  

We have received invaluable contribution to prepare this seminar from experts of HUA 

and KU. We would like to thank you for all your help. We gratefully acknowledge the financial 

support from JSPS and MOET to organize the seminar. 

We hope the seminar will be a good opportunity for researchers to exchange experiences 

and promote further cooperation in sustainable agricultural development around the world. This 

seminar is one of the affirmations of the successful cooperation between HUA and KU. 

Finally, we would like to wish our distinguished guests and attendees good health, 

success and solid cooperation.  
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Hybrid Rice Production in the Red River Delta: Farmers’ Perspectives 

Tran Duc Vien, Nguyen Thi Duong Nga 

Hanoi University of Agriculture 

Trauqui, Gialam, Hanoi, Vietnam 

Abstract 

     This study examined the situation of hybrid rice production in the Red River Delta, 

focusing on farmers’ evaluations and perceptions of hybrid rice. The major hybrid rice 

varieties studied were NU838 and DU527 (both Chinese), and TH3-3 (Vietnamese), and 

the inbred rice varieties were Bac Thom 7 (BT7) and Khang Dan (KD). A total of 100 rice 

farmers in Ha Tay and Nam Dinh provinces were interviewed. Cost-benefit analysis was 

used to assess the economic benefits brought by different rice varieties. A logit model was 

developed to examine the farmers’ adoption of hybrid rice. The results show that farmers 

diversify rice varieties according to their use as well as to avoid risk of crop failure. 

Chemical fertilizer was generally used more on Chinese hybrid rice. This rice was of a 

lower quality, and hence seriously degraded soil quality. In addition, it had a lower selling 

price in comparison to inbred rice (BT7).  In contrast, it had the highest yield and was 

evaluated to be the strongest in the case of unfavorable weather conditions ( i.e., lodging or 

drought). During the winter crop season, TH3-3 produced the highest yield. There were a 

number of factors which determined the adoption of hybrid rice by farmers. They include 

the level of experience and education of household heads, the socio-economic condition of 

the farmers, the number of laborers in a household; the time of the year, and of course, the 

amount of hybrid rice yields. Hybrid rice seemed to be concentrated in households who had 

less experience in rice farming, education, and a socio economic condition classified as 

poor. In addition, farmers preferred to cultivate hybrid rice in the first rice crop season.  

Unlike the situation in other Asian countries, farmers seemed to be optimistic about hybrid 

rice. Nevertheless, the future of hybrid rice is still unclear when based on observations from 

a regular farmer’s production plan. The three important policy implications drawn are (i) 

There is a need to develop either hybrid or inbred rice that have both good quality and high 

yield, (ii) The government should be more active in promoting the production and use of 

hybrid rice seed, and (iii) The cross links among agricultural extension bodies among 

districts/provinces should be strengthened.  

 

Key Words: Hybrid rice, logit, adoption model, Vietnam. 
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Introduction 

     In its celebration for international rice during the year of 2004, IRRI 
1

 used the theme 

“Rice is life, Rice is culture”. This is especially true across countries and regions, especially 

in Asia where rice is the staple food crop. 

     For Vietnam, a country with an agrarian economy and rapidly increasing population, 

rice has been one of the most important agricultural products for food security, generation 

of farmers’ income, employment 
2

, and foreign exchanges. Chronic food shortages during�

the 70s and 80s had caused the government to dedicate great attention�and energy to this 

sector since early 90s. New technologies have been adopted with the purpose of improving 

rice productivity, specifically hybrid rice. 

     A worldwide controversial debate among farmers and researchers surrounds hybrid rice, 

particularly the slow progress in adopting hybrid rice in some Asian countries. China and 

Vietnam, however, have been quite active in the hybrid rice program. Therefore, the 

objective of this paper is to present farmers views on hybrid rice in these countries. 

   Specifically, this paper aims to (i) investigate the perception of farmers in Vietnam 

concerning hybrid rice; (ii) determine factors influencing the adoption of hybrid rice 

production; and (iii) to recommend a set of relevant�key policies. The paper is organized as 

follows:  The following section contains an overview on the background of hybrid rice 

production in Asia and Vietnam. In the subsequent section, methods used in the research 

are proposed and developed. Findings and discussion are presented in section four. 

Conclusions and policy implications are drawn in the last section. 

Overview of hybrid rice production 

     In 1970, Chinese researchers discovered a male sterile rice plant growing naturally 

within a population of wild rice, which was then named "wild rice with abortive pollen" or 

WA. WA was crossed with other rice varieties, producing sterile males called maintainer 

lines which were then repeatedly backcrossed until a stable sterile plant was achieved. This 

plant is called a "cytoplasmic male sterile" or CMS line. CMS lines form one of the 

parental lines for producing hybrid rice seeds. Hybrid rice was first developed in China in 

the 1970s and reached a maximum area�of production of 17.6 million ha by 1991. In 2003, 

the area devoted to hybrid rice in Asia was about 16 million ha, of which China’s hybrid 

rice area accounted for more than 90 percent. 

Why hybrid rice? 

     According to FAO (2004), hybrid rice cultivation has been explored for several reasons: 

(i) There is an increasing demand for rice in the world, (ii) Rice yield growth is declining 

and hybrid rice could be a solution as it has a 15-20 percent higher productivity�rate, (iii) 

Rural employment and income generation has increased hybrid rice production,�since F1 

seed production is particularly labour-intensive, and (iv) Hybrid rice will support adverse 
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 Rice alone contributed half of all employment and a sixth of the national income in 1990 (Khiem et al., 

2002). �



ecologies, scarce land, large populations and regions with cheap labour. That is why hybrid 

rice is an attractive opportunity for many farmers. 

Vietnam’s hybrid rice production 

     Vietnam started planting hybrid rice in several northern provinces in 1992 with a limited 

area of 11,000 ha. This area increased to 580,000 ha in 2006 (Fig.1). Presently, Vietnam 

has the second largest hybrid rice area in Asia, after China. In 2006, an area of 588,000 ha 

was devoted to hybrid rice, accounting for about eight percent of the total rice area�in 

Vietnam. Each year, hybrid rice is planted in about 40 provinces in different socio-

ecological regions of the country, of which the Red River Delta and the North Central 

Coast are major production areas (Table 1). 
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Fig. 1. Trend in hybrid rice area in Vietnam, period 1992-2006 

Table 1. Trends in areas planted with hybrid rice in Vietnam, selected years 

Region 

 2000  2004  2006 

Area (ha) % of total Area (ha) % of total Area(ha) % of 

total 

North East and West 109,500 25.21 159,100 25.61 135,000 22.93 

Red River Delta 225,400 51.25 252,900 40.70 214,000 36.41 

North Central Coast 99,500 21.75 169,000 27.21 225,000 38.23 

South Central Coast and 

Central Highland 

7,800 1.79 40,300 6.49 14,000 2.43 

Total 442,200 100.00 621,300 100.00 588,000 100.00 

Sources: Crop Division (MARD), Central Quality Control Center for Crop Seed, 2006. �



     Nearly all of the hybrid rice area in Vietnam is planted with Chinese varieties. The Red 

River Delta, Nam Dinh, Ha Nam, and Ninh Binh provinces are areas of major hybrid rice 

production with�the strains Nhi uu 838, D uu 527, Nhi uu 63, Bac uu 253 and Bac uu 903. 

Recently, Vietnamese hybrid rice, namely the strains TH3-3, TH3-4, VL20, HYT 83, HYT 

84 have been planted. Notably, B-TE1, which originated in India, was planted in Hau 

Giang in the last spring season.  

     The yield advantage of hybrid rice has been proven in Vietnam. According to the Crop 

Division (2005), hybrid rice yield is about 1-1.5 tons/ha higher than inbred rice. The North 

Central Coast is the region with the highest yield. The Red River Delta is regarded as a 

suitable region for hybrid rice, and the Central Highlands have been assessed as a potential 

region. In 2005, hybrid rice yield reached 6.5 tons/ha, which is higher than the average rice 

productivity of the country (4.9 tons/ha). The share of hybrid rice in the total rice output in 

the country increased from three percent in 1996, to ten percent in 2006 (Crop Division, 

2007). 

Hybrid rice seed production 

     F1 seeds have been produced in Vietnam since 1992, with the total area of 12,400 ha in 

the 1992-2006�period, and a total�yield output of 25,000 tons. The major hybrid seed 

production areas are Thanh Hoa, Hai Phong, Ha Nam, and Nam Dinh provinces with 

parental rice mostly�being imported. Rice seed production in Vietnam, however, is far 

behind the demand�for rice. From 1998-2006, domestically produced hybrid rice seed met 

only 18.6 percent the total demand. A total volume of 100,500 tons of hybrid rice seed was 

imported at a cost of $103.54 million US in the same period (Vietnam Custom, 2007). 

Heavy dependence on the imported hybrid rice also makes rice production management and 

seed quality control difficult.  

Farmers with hybrid rice 

     Hybrid rice from India was introduced in Bangladesh after flooding in 1998 through a 

micro-credit program for farmers. Farmers who received credit were also required to accept 

hybrid rice seed, though the result, however, was not impressive (GRAIN, 2000). The 

situation differs in the Philippines. In Laguna, for instance, nearly all farmers are tenant 

farmers and on average, 60-70 percent of a farmer’s harvest is collected by the landlord as 

payment for rent. This, coupled with the depressed and unstable price of rice, is the major 

obstacle for yield improvement in the Philippines. With a highly concentrated rice seed 

market, tenant farmers are in cramped quarters and dependent. These conditions, along with 

the commitment to�the WTO, suggest the subsidization for the farmers should be cut.  

However, it is doubtful that hybrid rice will become a viable option for Filipino farmers. 

(GRAIN, 2000). In fact, the Filipino farmers resisted�the introduction and production of 

hybrid rice (GRAIN, 2005). 

     Hybrid rice production and development began in India in 1990. There are more than 15 

different seed companies producing hybrid rice seed, making the private sector very active. 

So far, hybrid rice has had a limited impact in India due to the high cost of seed, and low 

yield advantage (GRAIN, 2000). While the Indian government promotes hybrid rice, there �



is a resistance to hybrid rice. Major concerns are (i) the reliability of the material, (ii) the 

impact on genetic diversity, (iii) the increased dependency of farmers on the industry, and 

(iv) the motives of the private sector (GRAIN, 2000). Some have serious reservations about 

how farmers can benefit from hybrid rice. 

     Malaysia did not attempt to develop hybrid rice in the country in late 1990s due to 

unstable CMS lines, low yield and the high cost of seed. It is said that the weather�there is 

not suitable for hybrid rice. Thailand is also not very interested in hybrid rice, as it exports 

high quality rice. Also, Indonesia experienced less impressive results from its hybrid rice 

program (GRAIN, 2000). 

How about Vietnam? 

     With a sharp increase of hybrid rice area since 1992, Vietnam has become the second 

largest hybrid rice producer in Asia. Apart from importing rice seed from China (about 80 

percent recently), the country is active in producing its own seed. The Ministry of 

Agriculture and Rural Development has set the target of 70 percent self-sufficiency in 

hybrid rice seed by 2010. China also imports low quality rice from Vietnam, creating an 

opportunity for hybrid rice to be marketed. 

     With changes in supply (the sustained area of hybrid rice) and demand (as a result of 

changes in consumer behavior due to socio-economic factors), a worthy question is: What 

are the Vietnamese farmer’s perspective about hybrid rice 
3

 ?  

Materials and Methods 

     A survey was conducted in two provinces: Nam Dinh and Ha Tay. The former is one of 

the most active provinces in hybrid rice production, and has recently developed Vietnamese 

hybrid rice. As the survey was conducted to illuminate hybrid rice production and farmer’s 

perception of it, a stratified, rather than random, sampling strategy was used. One district 

was chosen within each province, and a commune was selected within each district. The 

districts and communes were chosen on the basis of a comparative average area of hybrid 

rice. This sampling strategy gives a stratified sample. Commune/village leaders and 

agricultural extension workers were consulted about the composition of the sample, and 

their advice was critical in sample selection of 50 households in each commune. The total 

number of surveyed rice farmers was 100. 

     The surveyed data were analyzed based on the descriptive statistics. Vietnamese and 

Chinese hybrid rice were also compared. In addition, a logit model on the choice of 

adoption hybrid rice was developed. 

* Logit Model or Adoption Model

     The impact of the factors on hybrid rice production has been investigated in a number of 

studies while the relationship between the decision of farmers and factors affecting their 

adoption has only been undertaken by a few researchers, especially using the logit function.  
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     In many cases of technological adoption and some socio-economic phenomena, the 

model in which the dependent variable is a discrete outcome, such as a “yes” or “no” 

decision, it is hard�to estimate by normal regression methods. In such cases, probability 

models will be used. 

 Prob (event j occurs) or  Prob (Y=j) = F (relevant effects; parameters) 

Mathematically, the model can be expressed as follows: 

  Prob (Y = 1) =  F(β’X) = P 

 and Prob (Y = 0)  =  1  -  F(β’X)   

where β is a vector of parameters reflecting the impact of changes in X on the probability 

(Gujarati 1999). 

 One of the common distributions is a logistic distribution which can be expressed as 

follows: 

  P = Prob (Y = 1)   =   

'

'

1

X

X

e

e

β

β

+

 =  F(β’X)

  Or  Log (

1

P

P−

)  =  β’X

 and Prob (Y = 0)   =   1  -   F(β’X)    

 The marginal effect is  ∂ E(Y)/∂X = F(β’X) [1  - F(β’X)] β

where X is a vector of factors influencing probability. In this research, the logit model is 

used to investigate factors affecting the decision of farmers on hybrid rice production. 

Farmers are divided into two groups who cultivate large and small areas of hybrid rice. 

In order to determine factors affecting the farmer’s choice of hybrid rice, an empirical 

model was developed. The amount of cultivated hybrid rice in certain land areas depends 

on a number of factors both within and outside a farm. Therefore, effects of farm size, 

experience, and education of the farm household head, socio-economic group, the season, 

location and rice yield on the adoption of hybrid rice cultivation of groups of farmers 

should be addressed in the model. 

  Prob (Y = 1) =  F(β’X) = P 

β’X =  β0 + β1 HH + β2 EXPER + β3 EDU + β4 SIZE + β5 LABOR + β6 YIELD 

+ β7 LOCATION + β8 SEASON + u 

Where P is a probability of an adoption. P = 1, if farmers cultivate hybrid rice on more than 

50% of their land while P =0, if they cultivate less than 50% of their land; β’X is a linear 

function of the above mentioned (independent) variables. 

HH is a socio-economic classification of a household (HH = 1, if the household 

classified as above average; 2 if the household is average; and 1 if the household is poor) �



 EXPER is the number of years that farmers have cultivated rice crops; 

 EDU is the number of years that farmers have gone to school 

 SIZE is the farm area of farm households (sao = 360 m
2

)

 LABOR is the number of laborers in a farm household (no) 

 YIELD is the rice yield per sao measured in kg; 

 LOCATION is a dummy variable for location; LOCATION = 1, if household 

located in Ha Tay province and LOCATION = 0, otherwise; 

 SEASON is also a dummy variable for seasonal characteristics; SEASON = 1, if 

data was collected during the first rice crop, and SEASON = 0, otherwise; 

βj (j = 0, 1, ..., 8) are parameters to be estimated. 

Results and Discussion 

Socio-economic and demographic characteristics of the surveyed farm households 

     Eighty two percent of all surveyed households engaged in farm and non-farm activities, 

the remaining households earnings came merely from agriculture. The non-farm activities 

were handicraft; especially bamboo products made for export in Ha Tay. The average 

family size was 4.57, 2.76 of which were at labour age (Table 2). Not all members in the 

family’s labour force participated in rice farming (2.21). The average age of household 

heads was 49.32 (quite high). This means that�by inducing, on average, the surveyed farms 

had a high level of farming experience. They reached an average of 8.34 years of schooling. 

The land was still fragmented, with an average of 3.19 parcels per household, where some 

had as many as 9 plots. The average rice area per household was 10.68 sao 
4

. On average, a 

household earned 1.4 million VND�(Vietnamese dong) per month.
5

 The percentage of 

households with more than half of their income generated from agriculture is 68 percent of 

total households. 
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Table 2. Socio-economic and demographic characteristics of farm households

Criteria Unit Quantity As percent of total (%) 

Number of surveyed households (hh) hh 100 100 

Of which, engages in: 

- Farming only 

hh 18 18 

- Both farm and non-farm hh 82 82 

Average size/hh person 4.57 - 

Average number of labours person 2.76 - 

- Of whom, participate in rice farming person 2.21 - 

Household head’s age      Year 49,32 - 

Years od education Year 8,34 - 

No. of rice parcel/hh parcel 3,19 - 

Average rice area/hh sao 10,68 - 

Monthly average income 000’VND 1,438  

HH with more than 50% income 

generated from agriculture. 

hh 68 68 

Sources: Calculated on the basis of surveyed data. 

Hybrid rice production in the research sites 

Rice variety diversification 

     A maximum of 3 rice varieties were found to be planted in the surveyed rice area, but 

the majority planted 2 varieties in a season (Table 3). This partly explains farmer’s risk 

avoiding behavior, as crop failure may happen with only selected rice varieties in a season. 

They do not seem to concentrate on one variety, even if this variety has a number of 

advantages. Hybrid rice varieties planted include Nhi uu 838 (NU838), Nhi uu 63 (NU63), 

DU527 (Chinese), TH3-3 (Vietnamese). Inbred rice are Khang Dan (KD), Bac Thom 7 

(BT7) (Chinese), and Nep 97 (Vietnamese sticky rice). Hybrid rice area accounted for 56 

percent and 45 percent of the total areas in spring and summer seasons, respectively. 

     Hybrid rice did not seem to be the first choice of farmers in the summer of 2006. Few 

farm households devoted all their land to hybrid rice, while 93 percent of those planting one 

rice variety were willing to plant inbred rice varieties in their whole areas. Hybrid rice is 

not populated in the summer season due to its susceptibility to sheath blight, especially in 

Ha Tay. In Nam Dinh province, farmers preferred BT7 due to its good quality and good 

selling price. Hybrid rice was not chosen by 13 farmers. 

�



Table 3. Variance of rice variety planted in farm households 

Farm households, 

who

Overall Ha Tay Nam Dinh 

No. of hh as % of 

total

No. of hh as % of 

total

No. of 

hh

as % of 

total

Spring 2007 100 100 50 100 50 100 

Plant 1 variety 

- Inbred rice 

- Hybrid rice 

24 

9

15 

24

37,5 

62,5 

17

2

15

34

11,76 

88,24 

7

7

0

14

100 

0

Plant 2 varieties 

- Inbred rice 

- 1 hybrid variety 

- 2 hybrid varieties

46 

5

33 

8

46

10,87 

71,74 

17,39 

17

1

10

6

34

5,88 

58,82 

35,29 

29

4

23

2

58

13,79 

79,31 

6,9 

Plant 3 varieties 

- Inbred rice 

- 1 hybrid variety 

- 2 hybrid varieties

- 3 hybrid varieties

30 

0

17 

13 

0

30

0

56,67 

43,33 

0

16

0

13

3

0

32

0

81,25 

18,75 

0

14

0

4

10

0

28

0

18,57 

71,43 

0

Summer  2006 100 100 50 100 50 100 

Plant 1 variety 

- Inbred rice 

- Hybrid rice 

29 

27 

2

29

93,10 

6,90 

22

22

0

44

100 

0

7

5

2

14

71,43 

28,57 

Plant 2 varieties 

- Inbred rice 

- 1 hybrid variety 

- 2 hybrid varieties

50 

15 

30 

5

50

30

60

10

24

11

13

0

48

45,83 

54,17 

0

26

4

17

5

52

15,38 

65,38 

19,24 

Plant 3 varieties 

- Inbred rice 

- 1 hybrid variety 

- 2 hybrid varieties

- 3 hybrid varieties

21 

1

14 

5

1

21,21 

4,76 

66,67 

23,81 

4,76 

4

1

3

0

0

8

25

75

0

0

17

0

11

5

1

34

0

64,71 

29,41 

5,88 

Sources: Calculated on the basis of surveyed data. 

Pattern of fertilizer application 

     Inbred rice farming needs a larger quantity of rice seed. For instance, in the spring 

season,�the average seed quantity of around one kg of hybrid rice was used for a sao, while 

1.5 kg�of the average seed quantity was used for inbred rice (Table 4). However, cost is the 

main concern. 

     There is a difference in chemical fertilizer and pesticide application pattern�practices in 

Nam Dinh and Ha Tay. Ha Tay farmers applied less urea and NPK than those in Nam Dinh. 

A variety of NU838 was treated with 4.46 kg urea and 5.31 kg NPK per sao in Ha Tay, 

while DU527 was treated with 15.89 kg of urea and 18.62 kg NPK per unit of land (sao)
6

 in 
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Nam Dinh. This may be attributed to the fact that the integrated pest management (IPM) 

program has been carried out in Ha Tay since 1996, and the site-specific nutrient 

management (SSNM) program has been incorporated into the area as well .
7

 As a result, 

pesticide application for hybrid rice in Ha Tay is less than that in Nam Dinh. On average, 

Ha Tay farmers sprayed 0.25 times/spring with a cost of 3,370 VND while in Nam Dinh 

farmers did more than twice that at the cost of 12,840 VND. 

     The Vietnamese hybrid rice is less fertilizer-consuming than the Chinese hybrid rice. On 

average, cultivation of the TH3-3 variety needs 11.78 kg of urea, while the DU 527 variety 

needs 15.89 kg per sao. The same pattern is observed with other inputs. In addition, the 

Vietnamese hybrid rice seems to be less labour intensive than�the Chinese varieties (3.61 

vs. 4.21 in spring season, respectively). 

     Hybrid rice does not necessarily demand more fertilizer than inbred rice. On average, 

DU 527 variety requires 15.89 kg urea and 18.42 kg NPK per sao, while these figures are 

7.84 and 13.24 for the BT7 variety, respectively. However, the pattern is different in the 

summer season for these two varieties in Nam Dinh province.  

Table 4. Quantity of selected inputs applied for a sao of rice 

  Spring 2007 Summer 2006 

  Hybrid Inbred Hybrid Inbred 

Input Unit NU83

8

(Ha 

Tay) 

TH3-3

(Nam 

Dinh)

BU527

(Nam 

Dinh)

KD 

(Ha 

Tay) 

BT7

(Nam

Dinh)

TH3-3 

(Nam

Dinh)

BT7 

(Nam

Dinh)

KD

(Ha

Tay) 

Seed Kg 1.14 0.98 1 1.54 1.79 1.16 1.48 2.56 

Urea Kg 4.46 11.78 15.89 3.4 7.84 11,10 8,35 3,64 

Phosphate Kg 7.66 5.37 6.32 0 5.96 3,19 6,58 8,61 

Potassium Kg 3.02 1.8 2.11 1.41 3.97 1,49 1,48 2,92 

Manure Kg 135.56 78.24 84.21 64.08 155.87 42,46 99,35 280,48

NPK Kg 5.31 13.61 18.42 9.9 13.24 15,39 27,17 2,38 

Pesticide  000 

Vnd 

3.37 10.49 12.84 14.58 2.72 14,43 17,45 3,99 

Labour Md

ay*

4.21 3.61 4.39 5.28 4.41 3.5 3.6 3.71 

Sources: computed on the basis of surveyed data. 

Note: * This is concentrated manday, which was assumed that a manday comprises of 8 

working hours. 

Cost-Benefit analysis of rice production 

     In the spring season, cultivation�of NU838, TH3-3 and BT7 varieties generated an 

income of 530,000, 559,580 and 586,680 VND for the farm household, respectively (Table 

5). These figures were higher than that of other Chinese hybrid (DU527) and inbred rice 
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(KD) varieties. The variety BT7 gave a higher level of income per sao in the summer 

season. KD generated the lowest income. The benefit cost ratio (B/C) was the highest in 

case of BT7, TH3-3 and NU838 in the spring season, while there was not a significant 

difference in�the B/C ratio for�the TH3-3 and BT7 varieties in the summer season (around 

1.94). 

     A notable advantage of planting the Vietnamese hybrid rice, which has a shorter lifespan, 

is that the TH3-3 grower can plant winter crops (an additional crop season) that are mostly 

cash crops, such as corn, squash, and tomato. The benefit of the TH3-3 variety seems to be 

more than what is calculated in this report. 

Table 5. Cost-benefit analysis of deterrent rice varieties (for one sao) 

Indicators Spring  Summer 

 Hybrid Inbred  Hybrid Inbred 

 NU838 TH3-3 DU527 KD BT7 TH3-3 BT7 KD 

Paddy yield 

(kg/sao) 235.92 224.27 250.53 194.17 196.05 202.52 183.48 171.93

Gross output  

(000’VND) 789.86 823.09 751.58 669.90 823.40 692.62 818.34 445.31

Cost (C) 

(000’VND) 232.46 226.94 269.35 243.03 244.30 236.26 277.79 206.61

Income (B) 

(000’VND) 534.51 559.58 490.20 426.06 586.68 456.35 540.55 238.70

B/C 2.299 2.466 1.820 1.753 2.401 1.932 1.946 1.155

Sources: computed on the basis of surveyed data. 

Product distribution 

     There is not a significant difference in the proportion of paddies sold after drying among 

hybrid and inbred varieties. Farmers sell almost more than half of the paddies that are 

harvested, except in the case of NU838 and KD varieties where farmers sell about one-third 

of the harvested paddies. These two varieties are used mainly for home consumption (food 

and feed). Main reasons for the large percentage of selling paddies after drying are either 

good price and good quality, or low home demand for that variety (especially sticky rice 

Nep 97).  

     Inbred rice seems to be preferred for food while hybrid rice is preferred for feed. The 

share of rice used for home consumption was about 30 percent and above (Table 6). This 

share was well below 30 percent for hybrid rice. However except for KD, there was no 

inbred rice variety found to be used for animal feeding. 

     A larger proportion of hybrid rice, about 15 percent, was stored to sell later in the 

season/year in comparison to inbred rice where well below 10 percent was stored. The 

TH3-3 variety is an exception, however. This is due to a higher demand for inbred rice and 

TH3-3 for home consumption and in the market, and also�due to better-off families storing 

the inbred-rice since they were not in need of cash. ��



Table 6.  Farmers’ distribution of products 

Purpose Hybrid rice Inbred rice 

 NU838 DU527 NU63 TH3-3 BT7 KD Nep 87 Xi23 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

1. Sold after 

drying 

34.07 56.40 68.69 65.99 60.13 32.11 85.65 58.88

2. Home 

consumption 44.57 26.43 15.09 30.46 29.17 63.06 14.35 41.12

Food 26.42 11.93 9.84 20.67 28.85 40.24 0.00 41.12

Seed 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 

Feed 17.03 14.50 5.25 8.53 0.00 21.17 0.00 0.00 

Other 1.12 0.00 0.00 1.26 0.21 1.65 14.35 0.00 

3. Store to 

sell later 

21.35 17.17 16.23 2.89 7.65 4.46 0.00 0.00 

4. Other 0.00 0.00 0.00 0.66 3.05 0.36 0.00 0.00 

Sources: computed on the basis of surveyed data. 

Why did farmers choose hybrid rice? 

     There are a number of reasons why farmers decided to plant hybrid rice. The primary 

reason, as reported by almost 80 percent of respondents, is yield advantage. Forty one 

percent of farmers shifted to hybrid rice because of the cooperatives’ instruction. About a 

third of farmers chose hybrid rice because plant is�more rigid, and is more resistant�to 

falling, especially in�the lowlands and during the summer season. Other notable reasons 

seem to be shorter lifespan and better cooked rice quality; especially for TH3-3. This 

Vietnamese hybrid rice was chosen by farmers who planted winter crops (cash crops, such 

as potato, cucumber, tomato). Few farmers reported that better selling price and saved labor 

cost are advantages of hybrid rice (also for TH3-3).  

     In the empirical logit model proposed in the previous section, there were eight variables 

which include the socio-economic classification of a household, the number of years that a 

farmer has cultivated rice crops, the number of years that a farmer attended school, farm 

area, the number of laborers per household, rice yield per sao, location of the farm, and the 

season in which the rice was planted. In the model, it was expected that the yield variable 

would have�a positive sign while other variables would have either positive or negative 

signs. 

     The logit model was estimated using maximum likelihood estimation methods. The 

software used was LIMDEP version 7.0 (Greene 1998). From the results it would seem that 

a reasonable logit function has been estimated. The Chi–square value was 62.37 and was 

significantly different from zero at one percent. Results are presented in Table 7. 

��



Table 7. Estimated coefficients of the logit model, 2007  

Variables Coefficients Significant Level Marginal effect 

Constant 0.1902  0.0447 

HH -0.6709 * -0.1576 

EXPER -0.0466 ** -0.0109 

EDU -0.1588 ** -0.0373 

SIZE -0.0259  -0.0061 

LABOR 0.3372 * 0.0792 

YIELD 0.0234 *** 0.0055 

LOCATION -0.1878  -0.0441 

SEASON -1.2584 *** -0.2956 

Chi-square test 62.37 ***  

 Predicted   

Actual 0 1 Total 

0 99 20 119 

1 28 53 81 

Total 127 73 200 

The dependent variable is the probability of farmers who cultivate large areas (> 50%) of 

hybrid rice. Source: Estimation from the surveyed data. 

     For the estimated model, the coefficient β
6

(the yield per sao) was statistically different 

from zero and positive. This result suggests that there is a positive effect of hybrid rice 

yield on the choice of farmers. The coefficient of labor variable, β
5
 was also statistically 

different from zero (at 10 percent) and positive, supporting the idea that the hybrid rice 

varieties require more labor than other rice varieties. On average, as the number of laborers 

of a farm household increases by one laborer, the probability of adoption of hybrid rice 

cultivation (more than 50 percent of land area) of the farm will increase by 0.0792. Farm 

size and a dummy variable representing location were not statistically different from zero, 

indicating that the adoption of hybrid rice by the farms seems to not be dependent on the 

land areas and not different between the two surveyed provinces. The experiences and the 

level of education of household heads, β
2
 and β

3, were also statistically different from zero 

at five percent and negative. As the experience of farmers involved in rice farming 

increases by one year, the probability of adoption of hybrid rice cultivation of the farm will 

decrease by 0.0109. This indicates that farmers with good skill seem to prefer cultivating 

other varieties more than hybrid rice. One reason could be that hybrid rice has a lower price 

in the market. 

     Results showed that only 40.5 percent (81/200) of farmers chose to cultivate hybrid rice 

with more than 50 percent of their cultivated areas while the model predicted this figure at a 

lower level of 36.5 percent (73/200). ��



Farmer’s assessment on different rice varieties 

     The major characteristics of rice plants and milled rice as well as the values of rice 

varieties are assessed by farmers, who are both producers and consumers. The results show 

that there is not a significant difference in the sprouting rate between Chinese and 

Vietnamese hybrid rice seeds. However, this rate is higher for hybrid rice as compared with 

inbred rice. Likewise, more than a third of respondents rated the insect resistance of hybrid 

rice higher than inbred. For instance, 46 percent reported that the Vietnamese hybrid rice is 

less damaged by leaf folder, while only 8 percent stated the reverse (Table 8). The same 

view is observed in the case of disease resistance. Another point is that Chinese and 

Vietnamese hybrid rice varieties were not significantly different in both insect and disease 

resistance. As�is shown in Table 8, around a third of respondents rated Vietnamese better 

than Chinese, another third rated in reverse, and the rest gave equal points for both varieties. 

     In terms of lodging resistance and drought resistance, the Chinese hybrid rice was rated 

the best; Vietnamese hybrid rice was ranked at a lower level. Farmers reported that the 

Chinese hybrid rice plant is stronger than other varieties. 

     Hybrid rice requires higher chemical fertilizer in the case of the Chinese variety. 

However, the level of fertilizers applied for TH3-3 and inbred rice does not seem to be 

different, as 46 percent of farmers agreed that TH3-3 required more fertilizer, and another 

46 percent said in reverse. Chinese hybrid rice was also considered to degrade soil more 

seriously than Vietnamese hybrid rice and inbred rice.  

     Chalkiness and broken rate: Milled rice quality and cooking quality are�the consumer’s 

opinions. Chinese hybrid rice was said to have highest chalkiness
8

, while Vietnamese 

hybrid rice was rated more or less the same with inbred rice in terms of chalkiness. About 

78 percent of respondents agreed that TH3-3 has lower chalkiness than Chinese hybrid rice. 

Vietnamese hybrid rice also was reported to have a less broken�grain rate than Chinese 

hybrid by 67 percent of respondents (Table 8). However, both hybrid varieties had higher 

broken�grain rates than inbred rice. 

     Aroma: Vietnamese hybrid rice was reported to have better aroma than Chinese rice by 

72 percent of respondents. In addition, 36 percent of respondents rated Vietnamese hybrid 

rice as having a better aroma than inbred rice while 42 percent rated in reverse. The rest 

rated at the same level. 

     Waxiness and quality of cool rice: There is a mixed evaluation about these traits among 

hybrid and inbred rice varieties. More than 80 percent of farmers rated Vietnamese hybrid 

rice better than Chinese hybrid rice They also rated the former worse than inbred rice in 

terms of waxiness and quality of cool rice.  The majority of farmers also rated Chinese 

better than inbred rice in terms of these traits. This might be due to the sampling, for 

instance, TH3-3 is planted in Nam Dinh and was compared with BT7, while farmers in Ha 

Tay compared NU838 with KD. 
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 If part of the milled rice kernel is opaque rather than translucent, it is often characterized as 

“chalky”.  Chalkiness disappears upon cooking and has no effect on taste or aroma, however it downgrades 

milled rice. ��



Table 8. Comparison between rice varieties by farmers (as percentage of total respondents) 

Criteria Vietnamese hybrid 

vs. Chinese hybrid 

Vietnamese hybrid 

vs. inbred 

Chinese hybrid vs. 

inbred 

VNH>C

NH 

VNH<CN

H

VNH>IN

B

VNH<IN

B

CNH>IN

B

CNH<IN

B

Sprouting rate 0.28 0.33 0.54 0.08 0.53 0.09 

Cold resistance 

(Seedlings) 

0.39 0.33 0.46 0.31 0.83 0.06 

Insect resistance        

- Leaf folder 0.39 0.39 0.46 0.08 0.81 0.04 

- Stem borer 0.22 0.28 0.38 0.08 0.72 0.04 

- Leaf hopper 0.44 0.39 0.69 0.15 0.79 0.08 

Disease       

- Shealth blight 0.22 0.33 0.85 0.00 0.68 0.09 

- Bacterial leaf blight 0.33 0.33 0.62 0.00 0.60 0.15 

- Blast 0.39 0.33 0.69 0.00 0.77 0.09 

Drought resistance 0.11 0.61 0.38 0.15 0.51 0.28 

Lodging resistance 0.22 0.61 0.62 0.15 0.77 0.08 

Cold resistance 0.33 0.39 0.62 0.08 0.87 0.04 

Chemical fertilizer 

consuming 

0.17 0.61 0.46 0.46 0.81 0.13 

Damage soil quality 0.06 0.56 0.08 0.38 0.57 0.08 

Rice quality       

- Less chalky 0.78 0.17 0.31 0.38 0.13 0.58 

- Broken rate 0.06 0.67 0.31 0.46 0.49 0.21 

- Aroma 0.72 0.11 0.15 0.69 0.36 0.42 

- Waxiness 0.83 0.17 0.23 0.77 0.62 0.23 

- Quality of cool rice  0.83 0.11 0.31 0.54 0.66 0.23 

- Taste of cooked rice 0.78 0.11 0.54 0.46 0.23 0.66 

Sustainable yield 0.22 0.33 0.69 0.08 0.62 0.15 

Highly marketable 0.72 0.06 0.15 0.38 0.45 0.40 

Price 0.78 0.17 0.38 0.54 0.30 0.57 

Sources: computed on the basis of surveyed data. 

     Taste of cooked rice: Chinese hybrid was rated the lowest for taste of cooked rice, while 

Vietnamese and inbred rice were given almost the same rate (54 percent rated the former 

better than the later and 46 percent rated in reverse). Besides, 89 percent of farmers 

reported that TH3-3 rice had good taste; while only 51 percent evaluated Chinese rice (NU 

838) had a good taste (Table 8). Chinese hybrid rice was even rated inferior and poor taste 

by about 24 percent of respondents.  

     Sustainability of paddy yield: Both Vietnamese and Chinese hybrid rice were reported to 

have more sustainable yield over time than inbred rice.  ��



     Market of product: TH3-3 was more highly saleable than Chinese hybrid variety. In Ha 

Tay, selling Chinese hybrid rice was as easy as inbred rice (KD). The price of Chinese rice 

was, however, lowest among TH3-3 and inbred rice. 

Supportive actions 

     Seed supply: The supply of hybrid seed by cooperatives was highly appreciated by 

farmers in terms of quality and timeliness, as reported by 93.3 percent of the total 

interviewees. As expected, about two-thirds of farmers complained that hybrid rice seed 

was�too expensive. 

     Extension services: Farmers seek information about rice farming from various sources, 

mostly from extension workers, relatives/friends, mass media, and input dealers. The 

majority of farmers (78 percent) reported that they believed most in extension workers (Fig. 

2), even though a third did not appreciate the effectiveness of extension workers. Half of 

the farmers reported that they did modify farming practices disseminated by extension 

workers. Relatives and friends were chosen to be the trusted source of extension 

information by around 30 percent of farmers.  
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Fig. 2. The most credible sources of agricultural extension information rated by farmers (as 

percentage of total respondents) 

Farmer’s view about the future of hybrid rice 

     More than half of the respondents believed that hybrid rice yield could be improved and 

70 percent expected that the area devoted to hybrid rice would increase in the future (Table 

9). Moreover, two-thirds projected that the hybrid rice price would be higher in the next 

year. Farmers were also asked what they thought an appropriate share of hybrid rice should 

be. Two-thirds agreed that hybrid rice should take 30-80 percent of the total rice area in 

summer, and 23 percent said that hybrid rice should take at least 80 percent of the total area.  

Sixty percent of farmers said that hybrid rice should take less than 30 percent of total areas ��



during the spring, while 38 percent of farmers reported that a share of 30-80 percent was 

appropriate. 

Table 9.  Other farmers’ opinions about hybrid rice  

Farmer’s view and future actions related to hybrid rice production  (%) of respondent 

Hybrid rice yield can be improved  54.74 

Hybrid rice area will be expanded 70.73 

Hybrid rice price will be higher in next year 66.67 

Appropriate share of hybrid rice in total area  

In spring  

<30% 13 

30-80% 64 

>80% 23 

 In summer  

<30% 60 

30-80% 38 

>80% 2 

Sources: computed on the basis of surveyed data. 

Changes in area devoted to hybrid rice in farm households 

     Thirty-five farm households reported that they would change rice variety structure in the 

following seasons. Fourteen decided to shift from inbred rice to hybrid rice, with the total 

area of 38.8 sao, while 12 households said that they were going to shift hybrid rice to 

inbred rice to equal a total area of 42.4 sao. Three reported they would move from the 

Chinese hybrid variety to the Vietnamese hybrid variety using an area of 10.6 sao. 

Major constraints to rice production 

     The high cost of input was of the most concern for the majority�of the farmers (39 

percent of respondents). In Ha Tay where farmers are familiar with buying seed from 

outside sources, the high cost of seed did not seem to be a problem, but farmers in Nam 

Dinh, who produce the F1 variety of hybrid rice seed and store the surplus for use in the 

next season, complained about the high price of seed. Likewise, the fertilizer cost was high 

and the wages of the agricultural labor competed with a high payment from other non-farm 

activities, especially in Ha Tay. 

     Unstable quality of hybrid rice seed was of the most concern for 19.3 percent of farmers. 

According to them, Chinese rice seeds are imported from several sources and the quality is 

not the same. They experienced a low yield and low quality of rice resulted from poor seed 

quality. 

     Poor irrigation following untimely wetting and draining, was of the most concern for 8.8 

percent of the total respondents, especially in Nam Dinh province. This caused a lower 

paddy yield, especially for the TH3-3 variety. In addition, rats, insects and disease were 

also regarded as the most important constraints to rice production by 7 percent and 5 ��



percent of farmers, respectively. Other factors, including unfavorable weather, lack of 

capital, and degraded soil, which resulted from excessive use of chemical fertilizer, 

herbicide, and pesticides, were also of concern for farmers. 

Conclusions and Policy Implications 

Conclusions 

     Rice, while not being the most profitable crop, is still the greatest concern for the 

majority of farmers in terms of food security, labor employment and�generation of income. 

As a high priority for the government, rice production in Vietnam has gained remarkable 

achievements in the last three decades; paddy yield was almost doubled in the last two 

decades (GSO data). According to Barker et al (2004), the rapid growth in the agricultural 

sector has been fostered by institutional changes and by the introduction of new 

technologies such as hybrid rice. However, there are different views about this technology 

in many countries. A survey on hybrid rice production in two provinces of the Red River 

Delta in Vietnam illustrates a different picture. 

     Farm households that cultivated around three varieties normally devoted a share of rice 

area to hybrid rice, especially for those planting more than one variety. Yield advantage 

was the most important factor influencing�the farmer’s adoption of hybrid rice, followed 

by the cooperatives’ instruction and insect/disease resistance. Hybrid rice plants, especially 

Chinese, were stronger and more tolerant to lodging and drought conditions than inbred 

ones, as reported by farmers.�Furthermore, hybrid rice yield was reported to be more 

sustainable over time than inbred rice yield. This may be due to seed sources�or where the 

seed is purchased from. 

     It is difficult to compare the amount of chemical fertilizer applied to hybrid and inbred 

rice due to the characteristics of the research sites. However, a majority of farmers agreed 

that the Chinese hybrid rice required a larger amount of fertilizer, while there was not a 

significant difference in fertilizer application between the Vietnamese hybrid and inbred 

rice. As a result, Chinese hybrid rice was considered to degrade soil fertility more seriously 

than the others. 

     Excluding other benefits, the BT7 variety generated the highest income for farmers; 

other benefits�resulting were an increase in variety, that is, two hybrid rice varieties. 

However, if the benefit from an additional crop season is counted, TH3-3 seemed to 

generate the highest income for farmers. 

     There was not a significantly different pattern of selling hybrid and inbred paddies 

among households. Above 50 percent of the total amount of paddy were sold after drying 

for both types of varieties. However, the Chinese hybrid rice (NU838) and inbred rice (KD) 

were preferred for feeding animals over the Vietnamese hybrid rice. Inbred rice (BT7) was 

preferred for food purpose, due to rice quality. Vietnamese hybrid rice was more saleable 

than the Chinese hybrid rice.  

     Chinese hybrid milled rice was evaluated to be chalkier and less aromatic than 

Vietnamese hybrid and inbred rice. Farmers generally reported that hybrid rice has a higher 

broken rate. Likewise, Chinese hybrid cooked rice was rated the lowest for its taste. 

     There were a number of factors affecting the choice of hybrid rice adoption by farmers. 

Regarding the estimated logit model, the number of laborers on a farm and the yield of ��



hybrid rice seemed to be a major factor for their choice and increased the probability for 

adoption of hybrid rice. Farmers with a high level of education and experience in farming 

were likely to prefer to decrease land areas devoted to hybrid rice. Therefore, an increase of 

efficiency of hybrid rice and/or good quality of hybrid rice variety might be needed in the 

future to encourage farmers to adopt and cultivate hybrid rice. 

     Farmers seemed to be optimistic about the future of hybrid rice. Nevertheless, a group of 

farmers continued to shift from inbred to hybrid rice while others did in reverse. In addition, 

communes had different plans for expanding or retrenching hybrid rice areas. Hence, the 

future of hybrid rice production remains unclear. 

Policy implications 

     The appropriate area structure of hybrid rice in the Red River Delta: Rice production in 

the Red River Delta is only slightly self-sufficient (1.19)
9

. Nam Dinh and Ha Tay provinces 

have surplus rice and therefore export it to other rice-deficit provinces. Shifting to lower-

yield inbred rice might have negative impact on food security.�Conversely, farmers are 

gradually becoming more market-driven, and higher quality rice is in more demand. There 

is a need to develop either hybrid or inbred rice that has both high yield and good quality 

(the former may be more realistic as the world’s climate is changing unfavorably). Rice 

varieties such as TH3-3, VL20, HYT 83 and HYT84 have the potential to be developed. 

     Domestically produced seed is important: A large quantity of imported seed resulted in 

significant spending of foreign exchange and dependence on big seed Chinese companies. 

In the Red River Delta, seed companies and input dealers have more incentive to trade 

imported seed than domestically produced seed. This is due to a higher profit
10

, and�many

farmers also preferred the “imported good”
11

. This suggests that (i) The Government should 

promote seed production in the country and encourage its use by farmers, and (ii) State seed 

companies can help to market seeds produced by farmers. Accordingly, measures should be 

taken to ensure the production of quality seeds.  

     Improvement of extension performance: While extension workers at the grassroots level 

are quite active, there is only a loose link between the extension systems among communes, 

districts and provinces. IPM, SSNM and SRI (System Rice Intensification) have been 

conducted in Ha Tay and Ha Nam
12

, and have contributed to significant reduction of 

chemical fertilizer and pesticides. Farmers in Nam Dinh province still use these inputs in 

excess. It is necessary to establish a close link in the extension network crossing districts 

and provinces. 
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 Nga, 2006. The index of rice self-sufficiency was calculated as the ratio of rice available and rice required. 

An index of sufficiency of 1 indicates that the province is self-sufficient in rice. The greater the index 

compared with the value of 1, the more surplus the province has. Conversely, if the index is closer to zero, the 

province has more serious problem in providing rice for itself. 

10

 According to the survey conducted by the Department of Quantitative Analysis, Hanoi Agricultural 

University in March 2007 in Nam Dinh province. 

11

 Even hybrid rice seed produced in Nam Dinh was much cheaper than China imported seed, many farmers 

were willing to buy the later. 

12

 SRI has been not adopted in Ha Nam. ��
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Abstract 

Two significant changes on rice development known to cause the great leap-

forward to rice production in modern times are the semi-dwarf varieties and the hybrid 

rice.  Hybrid rice which exploits hybrid vigor yields 15 to 25% more than the inbred lines 

or similar popular semi-dwarf modern rice varieties. It was developed by the Chinese 

scientists and the technology has expanded into the tropical rice-growing countries. It has 

contributed to more than 50% of the total rice production in China alone. In other rice-

growing countries, the potential of hybrid rice has gradually received more attention. 

However changing in production system with new crop plant types would affect a 

different scenario of disease spectrum.  Some of these changes have brought about the 

emergence of different disease profiles. This was well-documented when the semi-dwarf 

rice varieties were introduced and expanded in the tropical rice growing environments.  

When hybrid rice was first grown in large scale in China, similar phenomenon was 

observed.  Would the situation be different if hybrid rice be expanded in the tropics?  

Conventional wisdom has suggested that, perhaps, it may not.  In this presentation, the 

scenario on modern rice improvement and development, its effect on the rice production 

environment and on different rice diseases in relation to hybrid rice was discussed, and 

the importance of host plant resistance on disease management is target of the discussion.  

More importantly, the presentation stressed the need on proper disease resistance genes 

incorporated into the improved rice genotypes, methods of disease screening on varietal 

development and improvement.  Methods on disease screening are designed on basis of 

the science of plant pathology, especially on parameters of disease development for 

evaluation of plant resistance, and for developing the screening procedures to evaluate 

appropriate resistance of the progenies.  It emphasizes resistance breeding is a process 

leading to a product development while disease screening is also a process to develop 

durable resistance.   

Key Words: hybrid rice, resistance, diseases, management, improvement 

Introduction 

Rice is one of the most important food crops (wheat and maize are the other two) in 

the world.  It is food for more than 2.9 billion people, mostly in Asia, out of the world’s 

total population of 5 billions.  It is also a food crop dominates the agricultural landscape 

over most of monsoon Asia.  It is the largest single agricultural crop use covering over 

136 million hectare of arable land area.  Thus, rice feeds millions of Asians that is closely 

associated with the land, the water and the environment of all Asians.  The Asians have 

averted a predicted famine in tropical Asia by developing new rice crop varieties which ��



are semi-dwarf, high yielding, more responsive to added nitrogen fertilizer and also 

resistant to disease and insect pests.  Coupling with the improvement of the irrigation 

systems, rice production has increased in Asia from the traditional varieties of 1 to 2 tons 

per ha to 4 to 6 tons per ha of the improved modern varieties which is a result of rice crop 

improvement of an international collaborative effort.  “Green Revolution” was coined to 

describe this production change.  The entire endeavor of this “adventure” which is based 

on research focused on raising the productivity of the rice crop through research and 

genetic improvement.  It is one of mankind’s remarkable achievements of modern times.  

As the rice production systems are diverse, this achievement most comes from irrigated 

rice and the more favorable rainfed rice production environments.   

Although increase productivity of the rice ecosystems continues to be a target of 

rice improvement and production, today’s concerns have to extend beyond just 

production.  “Protecting the production environments while raising the productivity” is in 

the minds of all policy-makers.  A short review of the rice improvement since the 

beginning of the “Green Revolution” clearly indicated that there are different stages of 

focusing our attention in rice research to improve and develop rice varieties.  In the 1960s, 

as the international effort on crop improvement began, the focus was to develop a “new 

and modern rice plant for the tropics to replace the tall, less productive traditional rice 

varieties.”  Entering the 1970s, it was clear that without proper disease and insect 

resistance, the yield potential of the improved modern varieties could not be realized in 

actual rice crop production in fields of millions of rice farmers.  The focus was therefore 

to build-in the genetic resistance against diseases and insect pests into improved varieties.  

Rice varieties developed since the 1970s, all possessed resistance to major diseases and 

insect pests.  Then there comes the improvement of the eating quality in the 1980s and 

the abiotic stresses since the 1990s until now.  In crop management, the focus is also 

change from merely production to sustainable production.  Resource use efficiency has 

become an important target since the 1980s until this date.  The emphasis on input use 

not its efficiency to achieve production has caused serious environmental consequences.  

Environment protection should be considered together with raising productivity.  It is the 

cornerstones to sustainability. 

In short, there are important achievements of modern rice development.  The 

development of semi-dwarf, nitrogen responsive, high yielding modern rice varieties 

deployed over large areas is one.  The development of hybrid rice is the other.  As the 

first generation of the modern rice varieties apparently has reached to a yield plateau, 

hybrid vigor has enabled the hybrid combinations to increase yield 15 to 25% higher than 

the inbred parents.  This is another one of the remarkable achievements of rice 

improvement and development.  This follows by a concept of new plant type to raise the 

yield-ceiling further, potentially one more new breakthrough on the horizon.  Despite 

these achievements, there are several issues concerning modern rice production.  Because 

the push to produce more rice as human population continues to grow at 2% or more in 

some developing countries, and a few high yielding rice varieties occupy over large areas 

leading to gradual decline in rice variety and genetic diversity.  This has transformed the 

modern rice production to a mono-culture system thus making it vulnerable to outbreaks 

of diseases and insect pests.  To maintain an adequate diversity and resilience in the ��



system of rice production is important to ease pressure of diseases and insect pests.  

Needless to say, it is not possible to revert a high production system back to planting  low 

yield but diverse traditional rice varieties today.  

It is widely known that different genetic components responsible for rice crop 

productivity enables to achieve a yield gain of more than 2% annually since 1970s. It is 

often neglected; however, host plant resistance against rice diseases and insect pests plays 

an important role to sustain the yield gain.  Host plant resistance is an important tool for 

rice disease management.  Planting resistant varieties is an attractive option to farmers 

because it requires no additional investment and it is environmental safe.  As the 

resistance is built-in, it is easy to disseminate seed for wide adoption.  But there are 

limitations in using resistant varieties alone to manage rice diseases.  Recent disease 

assessment on rice production has shown that sheath blight and brown spot are the two 

major rice diseases causing 6 and 5% yield loss respectively in all rice production 

situations across South and Southeast Asia.  Contrarily blast and bacterial blight, two of 

the major rice diseases in tropical Asia prior to the era of Green Revolution, attributed 

less than 1% to the total yield loss during the same period of survey.  The information 

suggested several possible scenarios.  First, the most important rice diseases early in the 

era of Green Revolution are no longer the major biological constraints to rice production.  

Instead, the two formerly minor diseases, together with false smut have become the major 

concerns.  Second, this indicates the importance of resistance breeding.  All rice varieties 

grown by farmers possess genetic resistance to blast and bacterial blight.  No effort has 

done similarly to improve rice against sheath blight, brown spot and false smut.  

Resistance breeding thus is an integral component of modern rice improvement program.  

The disease profile changes, however, as the new methods of crop management are 

introduced coupling with the introduction of new rice varieties, including those of the 

hybrid rice.    

Inbred varieties need host plant resistance against high epidemic diseases.  Hybrid 

rice is no exception to this need.   It is not just ‘resistance”; it is the “right resistance” 

with diverse resistance genes to keep the pathogen variability in check.   The right 

“resistance genes” against rice diseases likes blast, bacterial blight, etc. is determined on 

the basis of co-evolution of the host and the pathogen.  It is based on the functions of the 

resistance gene(s) against the pathogen virulence in the appropriate rice crop production 

environments.  It is based on the response of the pathogen to the resistance genotype 

widely deployed in farmers’ fields.  The resistance has to be “durable”, a term used to 

describe the effect of the resistance genotype that has remained effective in a crop variety 

during its widespread cultivation for a long period of time, in an environment favorable 

to the disease development.  

A resistance gene is useful only when it is incorporated into appropriate host 

genotypes through means of plant breeding to produce a “product”, the rice variety for 

commercial production, i.e. grown by rice farmers.  Resistance breeding, like all other 

activities of plant breeding, is a “process”.  Disease screening is also a process designed 

on the basis of disease development and pathogen variability.  Proper method of disease 

screening is formulated on an understanding of the epidemiological development of the ��



disease at the appropriate stage of rice plant growth in an environment favorable to the 

disease. The process of resistance breeding and disease screening should go together in 

the fields.  Requirements in breeding for disease resistance are (1) diverse sources of 

resistance, (2) systematic evaluation scheme and (3) suitable testing or screening 

environments, in main field of rice crop growth or in nursery.  Resistance breeding 

should be complemented by sound knowledge of pathogen population structure to 

identify “tester strains” for artificial inoculation, and it is a prerequisite for R-gene 

deployment.  Breeding strategies using major genes, easy for selection, are determined by 

a understanding of the pathogenesis.  Whether it is major gene or combination of major 

genes and QTLs, the target is for durability of the resistance.  Resistance genes are 

limited genetic resources.  Efficiency of their use should be kept in mind. 

For resistance breeding, so far it is targeted only to a few of the major diseases.  

These diseases are blast, bacterial blight for all ecosystems and tungro is important in 

tropical Asia.  Unfortunately there are not many resistance genes identified for tungro.  

For hybrid rice, these scenarios also hold true.  There are other diseases which appear to 

be more important to hybrid than inbred rice.  Kernel smut caused by Tilletia horrida is 

one of them, while yellow dwarf, and perhaps some other virus diseases.  False smut is 

important in today’s rice production, to both inbred and hybrid rice in intensive 

production system.   Last but not the least of the concerns is the potential of male sterility 

cytoplasmic induced diseases.  Past experience with other crop diseases, especially the 

epidemic of southern corn leaf blight of hybrid maize is a good lesson most plant 

breeders and plant pathologists working on hybrid rice should not forget.   

As mentioned earlier, one of the major concerns of modern rice production is the 

decline of the genetic diversity among some of the popular and widely grown modern 

rice varieties.  Against bacterial blight, which the resistance gene is known among the 

hybrid rice developed and deployed in China, only two genes are being used: Xa4 used in 

the indica hybrids and Xa3 in the japonica hybrids.  Yet there are more than 20 Xa genes 

being identified and have not been used in the development of new hybrid combinations.  

Most rice researchers would not consider a disease a major problem unless an epidemic 

of that disease occurs.  Then the damage to rice crop production and the sufferings of 

thousands of rice farmers have already happened.  The best option for disease control is 

to prevent it happening rather than to cure when it has happened.  Research is to solve the 

potential problem of tomorrow not the problem of yesterday. 
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Abstract

Vietnam has developed their own method of hybrid-rice seed production system using 

thermo-sensitive genic male sterile (TGMS) lines. This system includes TGMS seeds, 

multiplication in mountainous regions and the hybridization in the Red River Delta. It 

also allows for the possibility to produce seeds of a new hybrid variety for local needs. 

Hybrid vigor can promote productivity and a shorter growing period and may lead to 

development of a new cropping system. Hanoi Agricultural University developed a new 

variety (Viet Lai 20) in cooperation with Japanese specialists under JICA (Japan 

International Cooperation Agency) project. However, hybrid rice production systems 

may affect the ecosystem because of intensive cultivation and cropping pattern changes. 

There may also be socio-economic changes in rural areas because high input and 

increased benefits for farmers. 

   Once we obtain hybrid seed production systems, hybrid rice breeding will become a 

very efficient breeding method in northern part of Vietnam, adaptable to geographic, 

climatic and social diversity. This method shortens the period of breeding and opens up 

wide range of genetic resource utilization. 

   In this article, the background of JSPS (Japan Society for Scientific Promotion) Asia 

and Africa Platform Program entitled by “Science of hybrid rice: Breeding, cropping 

system and the environment” is briefly introduced and situations related to our 

collaboration in hybrid rice breeding are summarized with special emphasis of bacterial 

blight resistance. 

Key Words 

HAU-JICA ERCB Project, JSPS Asia and Africa Science Platform Program, hybrid rice 

breeding, bacterial blight resistance ��
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From HAU-JICA ERCB Project to JSPS Asia and Africa Science Platform 

Program 

   Hanoi Agricultural University (HAU) (present name, Hanoi University of 

Agriculture (HUA)) is a sizable agricultural university, which aims to educate leaders of 

agricultural sectors in Vietnam. In 1998, in order to strengthen educational and research 

activities in HAU, JICA began a technical cooperation project entitled “Education and 

Research Capability Building Project of Hanoi Agricultural University (HAU-JICA 

ERCB Project)”. The Project focused on support of the faculties of Economics and 

Rural Development, Land and Water Resource Management and Agronomy. Kyushu 

University (Faculty of Agriculture and Institute of Tropical Agriculture) was chosen as a 

counterpart organization for HAU and formed a consortium of six universities, 

Yamaguchi Univ., Saga Univ., Miyazaki Univ., Kagoshima Univ. and Univ. of Ryukyus 

in order to advance the HAU-JICA ERCB Project. Under the direction of the technical 

cooperation project JICA, HAU-JICA ERCB Project focused on three main activities, 

dispatching experts from Japan, counterpart training in Japan and provision of 

equipments. During the 6 years of project period from 1998 – 2003, the accumulated 

number of dispatched experts from Japan reached 46 persons including 9 long-term 

experts (Fig. 1a) and of the number of counterpart trainees were up to 27 persons (Fig. 

1b). The total costs of the Project were approximately 2.33 million US $ with an 

equipment provision cost of 1.77 million US $. The graphing of research and education 

(Fig. 2) illustrate the dramatic changes in the development of HAU accompanied by the 

national economical progress of Vietnam.  

   In the HAU-JICA ERCB Project, academic exchanges such as collaborative 

research, training program events, Ph. D programs and seminar/workshops were assured 

and expedited. The context of the HAU-JICA ERCB Project excluding the hardware 

support was adopted by the JSPS Asia and Africa Science Platform Program (JSPS 

Fig.1. Inputs of HAU-JICA ERCB projects.

a. Accumulated number of dispatched experts.

b. Accumulated number of counterpart trainees.
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a. Accumulated number of dispatched experts.

b. Accumulated number of counterpart trainees.
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Program). The objectives of the JSPS Program are as follows: 

� The present program aims at understanding the scientific background of hybrid rice 

production systems including studies on genetics, breeding, cultivation, and the 

aspects of ecosystems and socio-economic impacts.  

� The program also contributes to technological developments in rice production, as 

well as the sustainable development of agriculture. 

� The program includes researcher exchanges, seminars/workshops, and training 

programs for young researchers.  

� The program works to maintain domestic and international networks. 

   To execute the program, the research takes multiple approaches which are comprise 

of three major parts:  

(1) Rice genetics and physiology 

   In the first component of the research, the major topics include rice genomes and the 

development of new hybrid rice varieties to solve problems of local diseases and pest 

insects. Physiological research to evaluate the characters of hybrid rice is also 

conducted. 

(2) Biological and physical environment 

   The second component identifies environmental problems that may occur when 

hybrid rice is introduced to an agro-ecosystem. The present hybrid rice needs more 

fertilizer which may negatively effect land and water environment. The cultivation of 

hybrid rice will change cropping patterns because of its shorter duration of cultivation 

and thus farmers may use different multi-cropping systems, which may have an 

influence on biodiversity in agro-ecosystems. 

(3) Socio-economic impact and regional consortium 

   The third component considers the socio-economic aspect of hybrid rice production 

systems. This component will also deal with regional research systems. 

Laboratory Development 

1998 2003

Changes in the style of  the thesis presentation

2002 2003

Fig. 2. Impacts of HAU-JICA ERCB Project.��
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   The program budget is approximately 66,000 US $ per year from 2006 to 2008 and 

can be spent in research, seminar and training. 

Bacterial blight study in northern part of Vietnam with relation to the hybrid rice 

breeding program 

   The occurrences of bacterial blight of rice (BB) have become more serious in the 

northern part of Vietnam (NV) because of intensive agronomic practices, such as the 

introduction of hybrid rice from China and heavy applications of nitrogen fertilizer. The 

fundamental activities for BB study (research resources and information) had been 

fragmentally accumulated when we started the collaboration work under HAU-JICA 

ERCB Project in 2001. At that time, N. V. Hoan and his colleagues, HAU, established 

unique F
1

seeds production systems using thermo-sensitive male sterility. The HAU 

hybrid rice seed production was partly supported by JICA project until 2004 and the F
1

variety Viet Lai 20 from the cross between 103S (TGMS) and R20 was recognized as 

the first national hybrid rice variety of Vietnam in 2004.  

   Once we acquire F
1
 seed production system, hybrid rice breeding will be a very 

efficient breeding method in NV in order to cope with geographic, climatic and social 

changes. The method shortens the breeding period and it opens up a wide range of 

genetic resource utilization. 

   Rice genetic resources have been accumulating since the foundation of the Faculty 

of Agriculture, Kyushu University (KYU). Thus far, we have approximately 20 

thousands lines. We also have many resources ready to use for practical breeding in BB 

resistance. 

  Marker assisted selection (MAS) expected as an exit of rice genomics was soundly 

established, as well. 

   Regarding backgrounds, we first strengthened research fundamentals for breeding 

methodology and BB study under the JICA project. The TGMS gene was successfully 

mapped on chromosome 2 and clues about the MAS of TGMS gene was obtained. Since 

an expenditure of MAS was high enough, we were able to establish shuttle breeding 

systems in which rice plant materials are grown in NV and MAS is done in Japan.  

   For the BB resistance study, a technical transfer of the maintenance of BB isolates 

and an inoculation method are essential. The technical transfer was accomplished under 

HAU-JICA ERCB Project. To design rice breeding strategies for bacterial blight 

resistance, it is necessary to know the population dynamics of BB pathogens in NV. We 

established a differential system of BB isolates in NV. NV isolates were divided into 4 

major groups based on the differential interaction between rice plants and the BB 

isolates (Table 1). The results indicated that groups 2 and 3 were the predominant race 

groups in NV and BB resistance genes xa5 and Xa21 were effective as BB isolates in 

NV. In addition, IR24 genotype was verified to show a superior F
1
 combining ability 

with 103S (TGMS). This demonstrates that nearly-isogenic lines (NILs) and pyramids 

for BB resistance genes with IR24 genotypes maintained in KYU must be candidates 

for male parents. In particular, the F
1
from a cross between 103S and IRBB21 with Xa21

and IR24 genotypes showed positive resistance and yield performance and was released 

as a F
1
 variety named Viet Lai 24. The availability of NILs and pyramids also enable us 

to change male parents in hybrid rice breeding programs based on the information of ��



�

pathogenic race geographical distributions.  

   Shuttle breeding is ongoing in order to improve the resistance to BB and brown 

planthopper (BPH) under the JSPS Program. Incorporation of a BB resistance gene 

Xa21 into 103S has been successfully achieved using repeated backcrossing and MAS. 

The developed lines are ready for use as female TGMS parents with Xa21 resistance 

(Hien et al. in this Proceedings). This opens the way for exploitation of many new F
1

cross combinations under the existence of Xa21 resistance. For BPH resistance, the 

resistance genes effective to BPH biotype in NV were identified by QTL (quantitative 

trait loci) analysis. The genetics of the BPH resistance and linkage information with 

DNA markers are significant for further hybrid rice breeding programs in order to 

improve resistance. 

   The Rice Research Institute was newly founded in Hanoi University of Agriculture 

in 2006 with the governmental support of Vietnam, in order to accelerate hybrid rice 

programs such as hybrid seed production, breeding and research. The JSPS program is 

expected to be helpful to the efforts of the Rice Research Institute. 
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Table 1. The differential system for bacterial blight in northern part of Vietnam

Differentials Resistance gene G1 G2 G3 G4

IR24 None S S S S

IR-BB3 Xa3 R S S S

IR-BB4 Xa4 S R S S

IR-BB7 Xa7 R R R S

IR-BB5 xa5 R R R R

IR-BB21 Xa21 R MR R R

Number of

isolates

4 39 33 8

R: Resistant, MR: Moderately resistant, S: Suceptible Furuya et al. (unpublished data)

Race
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Abstract 

 Bangladesh is a rice based country. It is the staple food of the Bangladeshi people. 

It encompasses about 95 per cent of the total food grain production. An area of 

approximately 10.35 million hectares of arable land is employed for rice production. The 

rice varieties growing in this country represent different ecotypes. Bangladesh is one of 

the most densely populated countries of the world. Due to a trend of increasing 

population growth, a food shortage of about 2-3 million tons per year always exists. 

Because of this situation the use of further improved rice varieties with a higher yield 

potentiality than the modern inbred type varieties are needed to minimize the prevailing 

gap between population growth and food grain production. Use of hybrid rice varieties 

may be an appropriate potential source for enhancements of rice production for becoming 

self- sufficiency in rice production. Informal research work on hybrid rice breeding was 

first initiated at the Bangladesh Rice Research Institute (BRRI) in 1983. But formal 

research on the suitability of hybrid rice in this country was started in 1993 in 

collaboration with the International Rice Research Institute (IRRI). Yield potentiality of 

IRRI provided hybrid rice varieties and seed production potentiality of component lines 

indicated bright prospect of hybrid rice in this country. Research progress during that 

period was not satisfactory due to a lack of proper attention and trained manpower. 

Systematic efforts were initiated only in 1996 with financial support from FAO through 

the Bangladesh Research Council (BARC). Subsequently, coordinated hybrid rice 

research activities were initiated with two agricultural universities and some non 

government organizations for development and use of hybrid rice in the country with the 

financial support of the DFID under supervision of IRRI from July 2001 until June 2004. 

Through the study of source and testcross nurseries the, involved organizations indicated 

the potential possibility of the identification of component lines (A, B and R lines) 

against diversified cytosources from local germplasm for ��� ultimate development of 

more adaptable hybrid rice varieties in the country. In order to initiate a systematic hybrid 

rice research program, a national steering committee headed by the Secretary, MOA has 

been formed. A five years master plan dedicated to the development and expansion of 

hybrid rice has also been undertaken up by the government. Now, the hybrid rice research 

project is financed by a local fund. In addition, hybrid breeding work in search of restorer 

and maintainer lines from local aromatic rice germplasm against different IRRI 

cytosources is in progress at Bangabandhu Sheikh Mujibur Rahman Agricultural 

University. ��



Key Words: Rice, Hybrid, Cytoplasmic genetic male sterility, Rice genetic resources, 

Rice ecotypes.

Background 

Rice equals the life in Bangladesh. The people of this country can not imagine a 

life without rice. It is more than food. It is an extraordinary grain that shapes the diet, 

culture, economy and way of life. It is a staple food for the entire 140 million people of 

Bangladesh. Seventy percent of Bangladeshi calorie intake and 75 per cent of their 

dietary protein come from rice. It covers about 77 per cent of the total cropped area and 

95 per cent of total food grain production. Rice production in this country remained 

almost stagnant in the 1950s at approximately 11 to 12 million tones. But the production 

grew from 12 million tones in 1959-60 to about 26 million tones in 2005-06.  An area of 

of approximately 10.30 million hectares is  employed for rice production in Bangladesh 

(Table 1).  

Table 1. Area and Production of Rice in Bangladesh (Million Hectares, Million 

Tones) 

Year Local HYV Total 

Area Prodn. Yield Area Prodn. Yield Area Prodn. Yield

2000-01 3.98 5.66 1.42 6.83 19.43 2.85 10.80 25.09 2.32

2001-02 3.78 5.18 1.37 6.88 19.13 2.78 10.66 24.30 2.28

2002-03 3.70 5.23 1.41 7.07 19.96 2.82 10.77 25.19 2.34

2003-04 3.35 5.29 1.58 7.47 20.90 2.80 10.82 26.19 2.42

2004-05 3.06 4.18 1.36 7.23 21.00 2.90 10.30 25.18 2.45

Source: Hand Book of Agril. Statistics, MOA, 2004 

The total amount of rice in Bangladesh  is produced using traditional rice varieties 

(Aus, Aman and Boro), modern HYV varieties developed by Bangladesh Rice Research 

Institute (BRRI), Bangladesh Institute of Nuclear Agriculture (BINA) and Bangladesh 

Agricultural University (BAU) and exotic hybrid rice varieties imported by the non 

government seed companies. Bangladesh is one of the most densely populated countries 

in the world. There about 8.20 million hectares of cultivable land in the country. food 

Approximately 26 million tones of food grains is produced. By the year 2020, 

Bangladesh will be required to produce about 32.80 million tones of rice for feeding a 

population of 167 million populations (Table 2).  

Table 2. Projected Population, food grain requirement and rice production target 

from 2005-2020(Million Tones) 

Year Mid year Population 

(Million) 

Food grain 

Requirement 

Production target of 

Rice 

2005 139.10 23.03 25.18 

2010 148.10 24.52 29.15 

2015 156.70 25.94 31.55 

2020 166.90 27.63 32.80 

Source: Hand Book of Agril. Statistics, MOA, 2004 ��



Due to trend of increasing population growth, a shifting of rice-cultivable areas 

for other purposes and a yield plateau in modern varieties, there is a food shortage of 

about 2-3 million tons per year. Moreover our inbred varieties only may not be adequate 

to meet the food requirements after 2010. Because of this situation, the use of further 

improved rice varieties developed through the application of new additional innovative 

techniques should be addressed. In the 1970s, an application of hybrid-rice technology by 

the Chinese scientists initiated a revolution. In China hybrid rice increased annual 

production from about 128 million tones in 1975 to 191 million tones in 1990, while 

during the same period, the rice harvested areas were reduced from 36 to 33 million 

hectares. Encouraged by the success of hybrid rice in China, many countries like Vietnam, 

India, the Philippines and Sri Lanka are developing their own hybrid rice and much 

progress has been made. In collaboration with the IRRI, Bangladesh has also initiated 

research and development programs in hybrid rice since 1993. 

Necessity and Scope of Hybrid Rice  

The demand for rice is constantly rising in Bangladesh due to an addition of nearly 2.7 

million people each year to a population of about 140 million. Cultivable land is 

alarmingly declining each year at an alarming rate of more than 0.11 per cent. Moreover, 

there is no scope of rice area expansion due to���� unavailability of land. Water 

resources are also shrinking due to indiscriminant use of both surface and underground 

water in irrigation and household purposes. Due to a higher rate of crop intensity, soil 

health and productivity are continuously declining. Yield of the prevailing modern HYV 

varieties has become static in the last 2-3 decades (Table 3).  

Table 3. Productivity Trend of HYV Rice in Bangladesh 

Years Productivity/ha (Clean Rice in M.T) HYV Area as % of 

total area Average National 

Productivity 

Average HYV 

Productivity 

1970-75 1.11 2.83 9.83 

1980-81 1.32 2.38 21.29 

1985-86 1.44 2.24 28.03 

1990-91 1.71 2.36 44.06 

1995-96 1.78 2.35 52.24 

2001-01 2.31 2.84 63.20 

2003-04 2.41 2.80 66.27 

2004-05 2.45 2.90 70.00 

Under such situation conditions, hybrid technology which is being used in many 

Asian countries may be also be an equally acceptable additional tool for enhancement of 

rice productivity in Bangladesh. Moreover, other favorable factors like cheap labor, an ��



availability of diverse genetic resources and favorable climate and soil for economic 

hybrid seed production are also available. In addition� ���	
����� has about 5500 

indigenous rice germplasms which represent different distinct ecotypes������� upland 

aus, rain- fed aman, deep- water aman and irrigated boro- rice. These locally adaptable 

genetic resources possess vast reservoirs of genetic characteristics. If we utilize those 

adaptable characteristics and available cytosources, a strong hybrid rice program can be 

established. Such a well- organized hybrid rice program will enable the development of 

diversified and sustainable component lines through the manipulation of land races and 

different cytosources. Those component lines will ultimately be utilized for the 

development of widely adaptable and location- specific hybrid rice varieties which can 

contribute to sustainable yield-improvement in rice.  

The Current Status of Hybrid Rice Research and Development 

The history of hybrid rice research and development in this country is not so old. 

Research work on hybrid rice breeding as an academic purpose was initiated at the 

Bangladesh Rice Research Institute (BRRI) in 1983. But formal research on the 

suitability of hybrid rice in this country was started in 1993 in collaboration with the 

International Rice Research Institute (IRRI). Research progress during that period was 

not satisfactory due to the lack of proper attention and necessary trained manpower. 

Systematic efforts were initiated only in 1996 with support provided by the Food and 

Agriculture Organization of the United Nations (FAO) through a Technical Cooperation 

Program (TCP). In 1998, Bangladesh became a part of a of 6 member consortium which 

received funds from the Asian Development Bank through IRRI for hybrid rice research 

and development. Other members of the consortium were India, Vietnam, Philippines, Sri�

Lanka and Indonesia. Initial works on hybrid rice involved the testing of F
1
 hybrids and 

subsequent evaluation of cytoplasmic sterile males (CMS) and restorer lines received 

from IRRI. During that period some Chinese CMS lines and their maintainer lines were 

also evaluated for their adaptability and performance in Bangladesh. However, these 

Chinese lines were not adapted to prevailing conditions and were highly susceptible to 

pests and diseases. A number of IRRI developed hybrids performed better in the 

prevailing environments and two of them were tested in multi-location sites in order to 

judge yield potential. Based on over-all performance, the National Seed Board (NSB) 

approved one as the BRRI hybrid dhan-1 in 2001 for commercial cultivation in the 

southern part of Bangladesh. 

Subsequently, coordinated hybrid research and development activities were 

initiated with two agricultural universities and some non- governmental organizations for 

the development and use of hybrid rice in the country through financial support from 

DFID under the supervision of IRRI in July 2001 until June 2004. Results of source and 

testcross nurseries obtained by the involved organizations indicated the potential 

possibility of identification of component lines (A, B and R lines) against diversified 

cytosources and the development of more adaptable hybrid varieties using local 

germplasm. Research efforts in search of maintainer and restorer lines from locally 

adapted aromatic and non-aromatic rice germplasm against diversified cytosources have 

been taken up by BRRI, BAU and BSMRAU (Table 4). Works on conversion of locally 

identified maintainer lines to CMS lines through backcrossing and testing of locally 

developed CMS lines are also in progress.  ��



Table 4. Identification of maintainer and restorer lines from 74 local aromatic rice 

germplasm against different cytosources  at BSMRAU 

Cytosource Number of 

maintainer lines 

identified 

Number of restorer 

lines identified 

Type  of the identified 

maintainer and restorer 

lines 

IR58025A 3 6 Photosensitive tall indica 

IR62829A 9 9 Photosensitive tall indica 

IR68885A 6 5 Photosensitive tall indica 

Dwarf abortive 4 1 Photosensitive tall indica 

Gambiaca 2 1 Photosensitive tall indica 

Meanwhile, the new seed policy of the Bangladesh government���� encouraged 

the private seed sectors to participate in rice seed marketing, and permitted seed 

companies to import seeds of 44 approved hybrid rice varieties for commercial 

cultivation (Table 5). Recently three local seed companies have started F
1
 seed 

production locally utilizing Chinese”A” and “R” lines of three approved hybrid rice 

varieties. The F
1
seed production potentiality of those Chinese hybrid varieties was found 

to be very encouraging (more than 3.00 tones per ha.).  

Table 5. National Seed Board Recommended Hybrid Rice Varieties in Bangladesh 

Year of 

Registration 

No. of Hybrid Varieties Registered Source 

1998 4 China, India 

2000 1 India 

2001 3 IRRI, China 

2002 1 China 

2003 5 China, India 

2006 18 China 

2007 12 China 

Total 44  

Hybrid rice cultivation in this country was started in 2001-02 within a restricted 

area of only 2510 hectares of land. The areas of hybrid rice are expanding from 2510 

hectares in 2001-02 to 437500 hectares in 2006-07 due to yield advantage, availability of 

imported seeds and an awareness of the technology at a public level. (Table 6). In 

addition, considerable improvements in the attitudes of involved scientists and concerned 

high level officials also encourage program planning, execution, provision of funds and 

other logistic supports. ��



Table. 6 Trend of Hybrid Rice Area Expansion in Bangladesh since 2001-02 ( 000 

Ha)

Year Hybrid area Total Boro area % of total 

Boro area 

2001-02 2.51 3771.76 0.06 

2003-04 36.40 3943.50 0.92 

2004-05 187.50 4063.78 4.61 

2005-06 202.43 4185.69 4.84 

2006-07 437.5 4311.26 10.14 

Limitations and future possibility 

Currently���� use of hybrid rice in this country almost completely dependent on 

exotic varieties, mostly from China. The activities of the national net work for hybrid rice 

research and development are very weak. Thus, coordination among hybrid rice scientists, 

seed producing agencies and private companies is not encouraging. There is a shortage of 

trained human resources involved in hybrid rice programs. There is a lack of initiative in 

the development of sustainable permanent national programs for hybrid rice through the 

utilization of genetic resources. Moreover, matured hybrid rice seed production 

technology is lacking. In addition, there is inadequate investment from both public and 

private sectors in actual research and development programs. Despite the limitations 

encountered so far, there is still the possibility of hybrid rice in this country since the 

Government is committed in tapping the full possibilities of this technology through 

providing necessary policy support. Research interests of the biological scientist of public 

institutes and universities are gaining momentum. Many new private companies are also 

gaining interest in investing their efforts in the use and development of hybrid rice in the 

country. We hope within the shortest possible time a great amount of expected 

coordination among technology generations, seed production and technology transfer 

groups will be established and thus the hybrid rice program will be able to contribute 

more as desired by the nation. 
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Abstract

The incorporation of host plant resistance to insect pests into elite-rice cultivars 

and the sustainability of pest management using resistant cultivars are necessary for a 

stable food supply in most rice production areas. The brown planthopper (BPH), 

Nilaparvata lugens Stål., is one of the most serious and destructive rice-pests that can be 

found throughout rice growing areas in Asia. More than 19 major BPH resistance genes 

have been identified in several Indica cultivars and wild relatives. The green rice 

leafhopper (GRH), Nephotettix cincticeps Uhler, is a major leafhopper species of 

cultivated rice and is found mostly in the temperate regions of East Asia. At least six 

loci of GRH resistance have been identified with the aid of DNA markers. Recent 

molecular mapping of genes which are resistant to the insect pests suggested that highly 

resistant cultivars/accessions often carried multiple genes for resistance. It suggests that 

gene pyramiding which combines more than two resistance genes derived from different 

donors will inhibit the occurrence of virulent biotypes. In the present study, we describe 

the identification of BPH and GRH resistance genes and the development of 

nearly-isogenic lines for each resistance gene in order to improve rice cultivars through 

molecular genetic approach. We also demonstrated the monitoring of the genetic 

constitution of the BPH population; those probably involve several virulent types to the 

specific resistance gene(s), for sustainable pest management using resistant cultivars 

against the BPH. 

Key Words. Rice, brown planthopper (BPH), green rice leafhopper (GRH), resistance 

gene, nearly-isogenic line (NIL), pest management 

Introduction 

The planthopper and leafhopper species damage the plant epidermises and 

parenchyma with their stylets and suck the plant sap from the phloem. Among the 

phloem-feeding insects, the brown planthopper (BPH), Nilaparvata lugens Stål, is the 

most serious insect pest of rice (Oryza sativa L.) throughout Asia. The populations 

migrate from China to Japan during the rainy season every year (Kisimoto 1976). 

Though the migrant populations are not large, the progenies sometimes break out. The 

insect sucks out the plant sap and causes damage to rice plants such as reduction of crop 

vigor, plant height, productive tillers, perfect grains, and yield. In extreme cases, a 

heavy infestation of BPH results in complete necrosis of the rice plants, a condition 

commonly known as ‘hopper burn’. It influences yield loss and also causes poor grain ��



quality. The BPH is also a vector of the grassy stunt virus and ragged stunt virus, which 

seriously decrease rice production. Conversely, the green rice leafhopper (GRH), 

Nephotettix cincticeps Uhler, is a major species which subsists on rice and is distributed 

mostly in temperate regions of East Asia (Ghauri 1971). The GRH sucks sap from both 

the xylem and phloem of susceptible rice varieties, leading to yield loss particularly in 

northeast Japan. In addition to direct plant destruction, the insect also causes damage to 

rice plants by transmitting other viral diseases, including the rice dwarf and waika 

viruses commonly seen in western Japan. 

Several kinds of resistant cultivars and accessions of rice against the 

planthoppers and leafhoppers have been reported (Heinrich et al 1985). Host plant 

resistance to insects has been classified into three mechanistic types: antibiosis, 

antixenosis and tolerance (Painter 1951). However, distinguishing between these 

mechanisms against the planthopper species and the leafhopper species have been 

difficult with bulk seedling tests (Athwal et al 1971). Kishino and Ando (1978) 

established a simple method for evaluating antibiosis to the GRH, and the survival ratio 

of the GRH nymphs was examined on the tested cultivars. Using this evaluation method, 

genetic analyses of resistance to the GRH have been carried out, and at least six loci for 

the GRH resistance have been identified with the aid of DNA markers. The simple 

sequence repeat (SSR) marker loci are widely distributed throughout the genome and 

can be easily analyzed using a polymerase chain reaction (PCR). The SSR markers have 

been used extensively to map agronomically important loci in rice, such as disease and 

insect resistance. It has opened the door to further revelations regarding the mechanisms 

of host plant resistance to the insect pests through molecular mapping and the cloning of 

genes which will confer resistance to the GRH. The relationship between rice and the 

GRH is a model case of plant-insect interaction. The knowledge obtained from a series 

of molecular cloning is expected to reveal the sucking resistance and system of 

host-plant resistance breakdown.  

The objectives of the present study are to understand the genetic basis for a 

resistance to insect pests found in rice cultivars and accessions of wild rice, as well as 

facilitate the use of germplasm for future rice improvements. First, a quantitative trait 

loci (QTL) analysis for resistance to the insect pests was conducted using an initial 

mapping population derived from the cross between a susceptible cultivar and a 

resistant accession. Subsequently, new loci for the resistance to insect pests were 

mapped onto a molecular linkage map using a nearly isogenic population, which was 

developed by continuous backcrossing and marker-assisted selection (MAS) of the 

targeted QTL region. Finally, we discuss the necessity of monitoring genetic 

constitutions of the insect populations, which probably involve several virulent types to 

the specific resistance gene(s), for sustainable pest management using resistant cultivars 

against the insect pests. 

Materials and Methods 

Plant materials  

Nine rice cultivars with different levels of resistance to the BPH: ADR52, 

PodiwiA-8, Mudgo, ASD7, Rathu Heenati, Babawee, Chin Saba, Balamawee, Taichung 

65 (T65) (no resistance gene) were used. Nearly-isogenic lines derived from the GRH 

resistant cultivar DV85 and the BPH resistant cultivar ADR52 were used.  ��



Insect strains

In 2006, ten populations of BPH were collected in East Asia. Four populations 

were collected from the Red river delta (RRD1, RRD2) in Northern Vietnam and 

Mekong river delta (MRD1, MRD2) in Southern Vietnam. Three populations were 

collected from the Philippines; Northern and Central Luzon islands (LZ1, LZ2) and 

Mindanao island (MD). Each population from Japan (JPN), China (CHI), and Taiwan 

(TW) were collected. These populations were maintained by continuous rearing on 

susceptible cultivars ‘Reiho’ at 25±1°C under 16h light and 8h dark conditions in the 

laboratory of Pest Management System, National Agricultural Research Center for 

Kyushu-Okinawa Region, Kumamoto, Japan. The GRH population was collected in 

Fukuoka Prefecture in 1991 and was maintained by continuous rearing of the insects on 

seedlings of the Japonica variety Nipponbare. Insects were kept at 25
o

C±1
o

C and 16 h 

light: 8 h dark.  

Evaluation of the resistance to BPH and GRH

The one-month old plants were trimmed and covered with a transparent plastic 

cylindrical cage (5.5 cm D x 20cm H). Five brachypterous (short-wing form) BPH 

females within 24h after emergence were released to a cage and the open end was 

covered with gauze. The score was observed starting from 3 days after infestation (DAI) 

to 5DAI. The adult survival rates as well as the female abdomen were examined. We 

evaluated the females whose abdomens became heavily swollen or survived for five 

days as virulent. Classifying virulent and avirulent BPH females was followed by the 

Tanaka method (2000). The experiment was carried out with 8 replications. The GRH 

antibiosis test was reported by Kishino and Ando (1978), and was modified for use in 

the present study. The seedlings were infested with 7-10 first- or second-instar nymphs 

in test tubes approximately 2 weeks after sowing. Nymph mortality was then calculated 

at four days after infestation. The plants with nymph mortality found to be in the range 

of 0-40% were categorized as susceptible, and those with 60-100% nymph mortality 

were categorized as resistant. 

Statistical analysis 

The data was analyzed using two-way ANOVA. Treatment means were 

pair-wise compared using the Tukey HSD test (SAS Institute Inc. 2002). The survival 

rate (%) was arcsine transformed prior to the analysis. 

Results and Discussion 

QTL analyses of highly resistant cultivars to BPH and developing the NILs 

The advent of detailed molecular linkage maps in rice has made it possible to 

detect the quantitative trait loci (QTLs) which control agronomic characters such as 

biotic and abiotic stresses. In screening germplasm resistance to the BPH under 

antibiotic tests, four Indica cultivars, ADR52, Podiwi A8, ASD7 and Balamawee, were 

selected as highly resistant. QTL analyses for antibiosis to BPH were conducted using 

F2 populations derived from a cross between a susceptible Japonica cultivar and 

resistant Indica cultivars. The study has assured future mapping of the BPH-resistance 

gene using nearly isogenic populations developed through marker-assisted selection ��



(MAS). In the case of ADR52, a total of three QTLs controlling antibiosis to the BPH 

were detected on chromosomes 5, 6 and 12. Nearly isogenic lines (NILs) for respective 

QTLs were developed through continuous backcrossing and MAS. The newly identified 

resistance genes on chromosomes 6 and 12 were tentatively designated as bph20(t) and 

Bph21(t), respectively. 

Since highly resistant cultivars often carried multiple genes for resistance to the 

BPH, a nearly isogenic population was necessary to map the BPH resistance gene, 

precisely. The MAS for BPH resistance genes with advanced backcrossing with the 

recurrent parent can facilitate transferring the resistance to the BPH from the resistant 

cultivars and wild relatives. The NILs derived from the resistant germplasm are useful 

not only for the improvement of BPH resistance in rice improvement but also for 

monitoring BPH virulence to the specific resistance gene. 

Molecular mapping and cloning of the GRH resistance genes 

Six genes, Grh1, Grh2, Grh3, Grh4, Grh5 and Grh6, resistant to the GRH 

sucking inhibition, have been identified through RFLP mapping. We developed 

nearly-isogenic lines (NILs) for Grh2 and Grh4 from the cross between susceptible 

Japonica cultivar Kinmaze and resistant Indica cultivar DV85 with the aid of molecular 

markers. The resistance evaluation of the NILs was carried out through antibiosis tests 

against two kinds of leafhopper species, N. cincticeps and N. virescens, which were 

serious vectors for several viral diseases in temperate and tropical areas. Nymph 

mortality of the NILs at 3 days after infestation was compared with resistant and 

susceptible checks. NILs carrying one of the resistance genes only showed weak 

resistance and susceptibility. On the other hand, the NILs carrying both of the resistance 

genes, Grh2 and Grh4 expressed strong resistance at the same level as resistant cultivar 

DV85. The results clarified thatGrh2 and Grh4 interaction expresses strong resistance to 

the two leafhopper species in rice. 

A large-scale segregation population of the Grh2 with a nearly isogenic genetic 

background was analyzed for resistance to GRH through a map-based approach. The 

Grh2 locus was finally delimited within 54.2kb genomic sequences of resistant cultivars. 

Genomic complementation of the candidate genes revealed that two NBS-LRR genes 

provided a high level of resistance against GRH in the genetic background of Grh4, but 

that each single NBS-LRR gene had only partial resistance. We concluded that the 

classical Grh2 locus consisted of two tightly linked NBS-LRR genes, designated Grh2a

and Grh2b, which mediated high levels of resistance against two Nephotettix species, N.

virescens and N. cincticeps with a Grh4 genetic background. It is a crucial report that 

the symphonic expression of host plant resistance genes, two of them categorized in the 

R gene family, mediate durable resistance in the cultivar of the plant.  

Development of NILs and pyramided lines (PLs) for the GRH resistance genes 

The six GRH resistance genes, Grh1, Grh2, Grh3, Grh4, Grh5 and Grh6 have 

been located on chromosomes 5, 11, 6, 3, 8 and 4, respectively. New SSR markers, 

which flanked Grh1, Grh2, Grh4, Grh5 and Grh6-nivara, were found to select the 

nearly isogenic lines (NILs) and the pyramided lines (PLs) for the GRH resistance 

genes through marker-assisted selection (MAS). The NILs carrying Grh1, Grh2, Grh4,

Grh5 and Grh6-nivara with a background of Japonica cultivar, Taichung 65 (T65) have

been developed derived from four GRH resistant lines, IR24 (Grh1), DV85 (Grh2 and ��



Grh4), W1962 (Grh5) and IRGC105715 (Grh6-nivara), using MAS, respectively. The 

nymph mortality of the NILs carrying Grh1, Grh2, Grh5 and Grh6 were lower than that 

of each donor parents, IR24, DV85, W1962 and IRGC105715. For example, we found 

that the highly resistant W1962, a development of O. rufipogon was dependent on two 

loci conferring resistance to GRH, Grh5 on chromosome 8 and the minor resistance 

gene on chromosome 4 (Fujita et al 2006). The PLs carrying two GRH resistance genes 

with a background of T65 were developed using NILs carrying Grh2, Grh4, Grh5 and 

Grh6-nivara. The NILs and the PLs were evaluated to compare the GRH resistance of 

NILs and PLs using antibiosis test. The nymph mortality of several PLs, the 

Grh2/Grh4-PL, the Grh2/GRH6-PL and the Grh4/Grh6-PL were higher than that of 

NILs, each carrying a single GRH resistance gene (Fig. 1). 

Understanding the mechanisms of a breakdown of the resistance gene

 Virulent insect pests, the so-called new biotypes, often appear after the release 

of modern improved varieties of rice that carry a single major gene for resistance to the 

insect pests. These pests represent a serious threat to rice paddies, because they have 

acquired virulence to the specific resistance gene, which will have subsequently lost its 

effectiveness in insect pest management. For example, the BPH population migrating 

into Japan began to become virulent to the Bph1 (Brown planthopper resistance 1) in 

the late 1980s (Sogawa 1992) and has become highly virulent for rice cultivars carrying 

both Bph1 and bph2 since the late 1990s (Tanaka and Matsumura 2000). The virulent 

biotypes of the BPH were experimentally identified by continuous rearing of the BPH 

on resistance lines, each carrying a single major gene for BPH resistance 

(Ketipearachchi et al 1998). By a similar methodology, virulent biotypes against each of 

the three resistance genes Grh1, Grh2 and Grh3 were isolated (Hirae et al, 2007). It 

suggests that natural strains of GRH are likely to feed on rice plants having a single 

major gene for the resistance. In contrast, virulent biotypes against the PL carrying both 

Grh2 and Grh4 did not occur experimentally (Hirae et al, 2007). In line with these 

findings, we have demonstrated that, although the nymph mortality of Grh4-NIL 

showed susceptibility to the GRH, the PL carrying Grh2 and Grh4 showed higher 

nymph mortality than Grh2-NIL. Additionally, both Grh2 and Grh4 have been essential 

to express resistance to the green leafhopper (GLH), which is closely related to the 

GRH and a major vector of Tungro, a destructive viral disease found in tropical rice ��



fields in Asia (Yasui and Yoshimura 1999). The PLs carrying Grh2 and Grh4 may thus 

have an important role in expressing durable resistance to the rice leafhoppers. It 

suggests that gene pyramiding that combines multiple resistance genes with different 

mechanistic types will suppress the dominancy of virulent biotypes in the insect 

population. The PLs carrying these resistant genes may suppress the dominancy of 

virulent biotypes and show durable resistance to the GRH. To study the durability of 

resistance to insect pests, the development of PLs carrying multiple resistance genes is 

essential using MAS and advanced backcrossing with a recurrent parent.  

Virulence of the Asian BPH strains against differential rice cultivars 

Tables 1 and 2 showed that the adult survival rate and the ratio of virulent 

females of the 10 Asian BPH strains on 6 differential cultivars and T65 are a susceptible 

check. Based on the resistance spectrum, the Asian BPH strains seem to be classified 

into three groups: the first group virulent to Mudgo and ASD7 but avirulent to the other 

4 differential cultivars, the second group involving quite high percentage of the BPH 

individuals virulent to Babawee and ADR52 in addition to Mudgo and ASD7, the third 

group partially virulent to Babawee in addition to Mudgo and ASD7. The first group 

involved BPH strains collected from Japan, China, Taiwan and two strains of Northern 

Vietnam. The second group consisted of the two BPH strains collected from Southern 

Vietnam. The third group consisted of three strains from the Philippines, one which was 

collected from Mindanao Island and involved about half of BPH individuals virulent to 

Mudgo and ASD7. We concluded that the cultivars Rathu Heenati and Balamawee are 

still keeping a broad spectrum of resistance against the Asian BPH strains.  

Monitoring the BPH virulence using rice NILs  

Tables 3 and 4 showed that the adult survival rate and the ratio of the virulent 

females of the 10 Asian BPH strains on the NILs and the PL carrying the BPH 

Table 1.          Adult survival rate (%) of the Asian BPH strains collected in 2006 on differential cultivars in rice

The BPH strain

Cultivar JPN CHI TW RRD1 RRD2 MRD1 MRD2 LZ 1 LZ 2 MD

Mudgo 94.3± 3.7 74.3± 5.7 77.1± 6.8 100.0± 0.0 91.4± 4.0 91.4± 5.9 82.6± 5.2 80.0± 6.2 94.3± 5.7 51.4± 4.0

ASD7 94.3± 3.7 85.7± 3.7 80.0± 6.2  97.1± 2.9 97.1± 2.9 94.3± 3.7 85.7± 5.7 88.6± 4.0 91.4± 4.0 60.0± 0.0 

Rathu Heenati   0.0± 0.0   0.0± 0.0   0.0± 0.0    2.9± 2.9   0.0± 0.0 11.4± 8.6   8.6± 5.9   8.6± 4.0   8.6± 4.0   0.0± 0.0 

Babawee 11.4± 5.9 22.9±10.2   8.6± 5.9  17.1± 9.2 11.4± 5.9 82.9± 5.2 77.1± 5.2 34.3± 3.7 37.1± 8.0 31.4± 4.0 

ADR52   5.7± 5.7   5.7± 5.7   0.0± 0.0  11.4± 5.9   0.0± 0.0 80.0± 7.6 71.4± 9.6 28.6± 7.3 25.7± 9.5   0.0± 0.0 

Balamawee   0.0± 0.0   2.9± 2.9   0.0± 0.0    2.9± 2.9   2.9± 2.9   2.9± 2.9   8.6± 5.9   8.6± 4.0   5.7± 3.7   8.6± 5.9 

T65 91.4± 5.9 80.0± 6.2 82.9± 6.8  94.3± 3.7 97.1± 2.9 88.6±5.9 85.7± 5.7 85.7± 7.2 94.2± 3.7 77.1± 6.8 

Table 2.            The ratio of the females with swollen abdomen of the Asian BPH strains collected in 2006

on differential cultivars in rice

The BPH strain

Cultivar JPN CHI TW RRD1 RRD2 MRD1 MRD2 LZ1 LZ2 MD

Mudgo 94 74 77 100 91 91 83 80 86 40

ASD7 91 86 80 97 94 94 83 87 89 57

Rathu Heenati 0 0 0 0 0 0 0 0 0 0

Babawee 6 14 9 0 0 63 37 14 17 14

ADR52 0 0 0 0 0 51 23 0 0 0

Balamawee 0 0 0 0 0 0 0 0 0 0

T65 91 80 83 94 97 86 83 86 91 74
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resistance genes are derived from ADR52. Based on the resistance spectrum to NILs 

and the PL for bph20(t) and Bph21(t), the Asian BPH strains seem to be classified into 

four groups: the first group avirulent to all the tested lines, the second group virulent to 

the Bph21(t)-NIL but avirulent to the bph20(t)-NIL and the bph20(t)+ Bph21(t)-PL, the 

third group virulent to both the bph20(t)-NIL and the Bph21(t)-NIL but avirulent to the

bph20(t)+ Bph21(t)-PL, and the fourth group virulent to all tested lines. The first group 

is the Mindanao strain, which could not adapt to any lines. The second group consisted 

of BPH strains from China, and Taiwan. The third group consisted of BPH strains from 

Japan, Northern Vietnam and two Luzon strains from the Philippines. The 

discrimination between the second and the third groups is still ambiguous because of 

differentiation among the BPH strains from China, Taiwan and Japan as well as 

Northern Vietnam which have never been identified. The fourth group consisted of BPH 

strains from Southern Vietnam, those were most virulent and half of the adult females 

had swollen abdomens on the PL within 5 days. The results indicate that both of the 

BPH resistance genes, bph20(t) and Bph21(t), are necessary to express broad-spectrum 

resistance against the East Asian BPH strains. The PL, however, had lost their resistance 

against the Southern Vietnam strains of BPH. Monitoring the virulence of BPH strains 

using the NILs and the PLs will open the door for utilization of the BPH resistant 

cultivars and sustainable pest management in the Asian rice field. 
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Table 3.         Adult survival rate (%) of the Asian BPH strains collected in 2006 on the NILs and the PL 

for the BPH resistance gene in rice

The BPH strain

NIL / PL JPN CHI TW RRD1 RRD2 MRD1 MRD2 LZ1 LZ2 MD

bph20(t) 85.7± 3.4 22.9± 4.8 31.4± 8.9 94.3± 5.3 60.0± 4.0 74.3± 5.3 88.6± 6.8 60.0± 5.7 85.7± 3.4 25.7± 5.3

Bph21(t) 88.6± 5.5 80.0± 4.0 85.7± 3.4 91.4± 5.5 94.3± 3.4 94.3± 3.4 91.4± 3.7 91.4± 3.7 80.0± 5.7 37.1± 2.6 

bph20(t)+Bph21(t) 17.1± 6.3 20.0± 4.0 28.6± 5.5 28.6± 3.7 25.7± 5.3 71.4± 6.8 65.7± 3.4 25.7± 6.7 17.1± 6.3 28.6± 7.9 

T65 91.4± 3.7 94.3± 3.4 97.1± 2.6 97.1± 2.6 94.3± 3.4 91.4± 5.5 91.4± 3.7 94.3± 3.4 91.4± 5.5 91.4± 5.5 

Table 4.              The ratio of the females with swollen abdomen of the Asian BPH strains collected in 2006 

on the NILs and the PL for the BPH resistance gene in rice

The BPH strain

NIL / PL JPN CHI TW RRD1 RRD2 MRD1 MRD2 LZ1 LZ2 MD

bph20(t) 63 0 0 83 51 69 71 34 37 0

Bph21(t) 86 80 77 71 77 89 86 77 51 11

bph20(t)+Bph21(t) 0 0 0 0 0 49 51 0 0 0

T65 86 94 97 97 87 80 86 94 91 89
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Abstract 

Bacterial blight (BB), caused by Xanthomonas oryzae pv. oryzae, is the most serious 

disease for hybrid rice production in Vietnam. Two BB resistance genes xa5 and Xa21 

were identified as being effective for Vietnamese races of the pathogen. The first 

national hybrid rice variety of Vietnam, Vietlai 20, which is derived from the cross 

between a thermo-sensitive genic male sterility (TGMS) line 103S and a variety R20, 

showed good yield and short growth duration but was not so resistant to rice BB. The 

objective of this study is to incorporate the BB resistance gene Xa21 into 103S by 

molecular marker-assisted selection (MAS) in the process of recurrent backcrossing. 

The donor of Xa21 was a nearly-isogenic IRBB21 line carrying Xa21 with a genetic 

background of IR24. Two sets of markers were used for selecting heterozygous plants 

for both single recessive genes tgms and Xa21 in BC
1
F
1
, BC

2
F
1
 and BC

3
F
1
 and for 

selecting homozygous plants in BC
3
F
2
. The heterozygous plants were used as pollen 

parents in backcrossing. A total of 74 polymorphic simple sequence repeat markers 

distributed on 12 chromosomes were used to perform a whole genome survey of BC
3
F
1
 

and BC
3
F
2
. BB inoculation was done in BC

3
F
3
. From the results of MAS in BC

3
F
2
 and 

inoculation in BC
3
F
3
, improved lines were selected. These lines showed a phenotype 

almost the same as that of the original TGMS 103S, and a broad spectrum of BB 

resistance as the donor parent IRBB21 when inoculated with Vietnamese BB strains. In 

a future hybrid rice breeding program, these selected lines can be used for testing the 

combining ability using many restorers (male parents). 

Key Words: Hybrid rice, bacterial blight resistance, TGMS, marker-assisted selection, 

backcrossing 

 

1. Introduction 

Bacterial blight (BB) of rice, caused by Xanthomonas oryzae pv. oryzae (Xoo), is the 

most serious disease for rice production, especially for that of hybrid rice in Vietnam. 

The climatic conditions during the heading time in autumn (main rice-growing season) 

are suitable for developing rice diseases, including BB. A large number of genes for BB 

resistance have been identified and are available for cultivar improvement (Khush et al., 

1990, Kinoshita 1995, Lin et al., 1996). Two resistance genes to BB, xa5 and Xa21, 

were identified as being effective on Vietnamese races of the pathogen (Furuya et al. ��
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not published). Incorporation of a resistance gene is hardly done by conventional 

breeding methods, because it is difficult to break linkages with undesirable traits even 

after many generations of backcrosses (Young and Tankley, 1989).  

Marker-assisted selection (MAS) offers a unique opportunity to circumvent 

many traditional problems associated with phenotype selection for traits of interest. 

Recent developments in genome research have provided a large number of molecular 

markers in many crop species and diverse techniques for detection. MAS has been 

successfully used in selecting host plant resistance to disease in the absence of pathogens 

(Melchinger, 1990), pyramiding multiple genes for durable resistance (Yoshimura et al., 

1995, Huang et al., 1997, Sanchez et al., 2000) and the resistance gene to BB having 

different behaviors with other characters (Joseph et al., 2004). 

The thermo-sensitive genic male sterility line 103S (TGMS 103S) has been 

widely used as a female parent for hybrid rice production in Vietnam. The first national

hybrid rice variety of Vietnam, Vietlai 20, which is derived from the cross between 

TGMS 103S and a variety R20, shows good yield and short growth duration but is not 

so resistant to rice BB because its parents lack BB resistance genes. 

The objective of our study is to improve the resistance of TGMS 103S to BB 

by introducing Xa21, a dominant gene showing resistance to a broad spectrum of 

pathogen races, by MAS in the process of recurrent backcrossing. 

 

2. Materials and methods 

2.1. Plant materials  

 

 

 

� � � � �Fig. 1. Breeding scheme of new TGMS lines. 

 

A nearly-isogenic line IRBB21 carrying Xa21 with a genetic background of susceptible 

IR24 was used as the donor of BB resistance. TGMS 103S was crossed with IRBB21, a 

male parent, and F
1
 plants were then used as the male parents for backcrossing with 
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TGMS 103S up to the BC
2
F
1
 generation. Self-pollination was started from selected 

BC
3
F
1
 individuals up to the BC

3
F
3
 generation (Fig. 1). Individuals from the BC

3
F
3
 

generation carrying Xa21 with the background of TGMS 103S were inoculated with 

BB, in addition to the reference cultivars, TGMS 103S, IR24 and IRBB21. 

 

2.2. DNA extraction, PCR reaction and PCR amplification 

Leaf materials for DNA extraction were collected and freeze-dried in a vacuum 

desiccator. Dried leaves were ground using a multi-bead shocker (Yasui Kikai, Osaka, 

Japan) with stainless beads. DNA was extracted from the ground tissues by the 

Cetyltrimethyl ammonium bromide (CTAB) method of Murray and Thompson (1980) 

with additional modifications. The 15 µl PCR reaction mixture contained 50 mM KCl, 

10 mM Tris-HCl (pH 9.0), 1.5 mM MgCl
2
, 200 µM dNTP, 0.2 µM primer, 1 unit of Taq 

polymerase and 5-10 µl of genomic DNA as template. The PCR amplification was 

performed using a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA, 

USA). The thermal cycle was programmed for the first denaturing step at 95°C (for 5 

minutes), followed by 35 cycles, each of 95°C (30 seconds), 55°C (30 seconds), and 

72°C (30 seconds). The PCR products were resolved on 4% agarose gels by 

electrophoresis at 250 V for 50 minutes in 0.5 x TBE buffer. The gels were stained with 

ethidium bromide and photographed under ultraviolet light.  

 

2.3. PCR markers used for MAS 

MAS of Xa21 was carried out with three gene-specific primers: M1Xa21, 

5′-GGTGTTTTCTGCTCTACACTGC-3′ and 5′-CGAATCCTGTTTGTGTTCAT- 

TG-3′; M2Xa21, 5′-TCCAGCCTTTGCATCTATCA-3′ and 5′-CCCAACGCCATA- 

CTCTGTTT-3′; and M3Xa21, 5′-TGGAGCAATAAAATTTCAGG-3′ and 5′-TACC- 

GATGGTCAATTGCAGA-3′. M1Xa21, a co-dominant marker, was used for selecting 

heterozygous plants carrying Xa21. The dominant markers, M2Xa21 and M3Xa21 

representing the alleles of IRBB21 and TGMS 103S, respectively, were used for 

discriminating the respective Xa21 homozygous plants. The SSR markers, RM3294 and 

RM6378, were linked to the tgms locus (tms-103S) and used for MAS of tms-103S. A 

whole genome survey (WGS) of BC
3
F
1
 and BC

3
F
2
 populations was used with 74 SSR 

markers throughout the rice genome (McCouch et al., 2002, Ware et al., 2002). 

 

2.4. Evaluation of resistance to BB 

Confirmed evaluations of whether BC
3
F
3
 lines resistant to BB were conducted in Hanoi 

University of Agriculture (HUA), Vietnam and Kyushu University (KU), Japan. Two 

Vietnamese Xoo strains of HAU 02009-2 (G2) and HAU 02034-6 (G3) collected in 

northern Vietnam and maintained at Kyushu University were used in HUA; and five 

Vietnamese Xoo strains of HAU 01043 (G1), HAU 02032-1 (G2), HAU 02009-2 (G2) 

HAU 02034-4 (G3), and HAU 02034-6 (G3) were used in KU for such evaluation.   

Inoculation was conducted by using the clipping method. For disease scoring, 

the lesion length of the inoculated leaves of each individual was scored 21 days after 

inoculation. Plants were classified into 4 groups based on the average lesion length of 

<3.0 cm, 3.0 to 6.0 cm, 6.0 to 9.0 cm, and >9.0 cm, corresponding with 4 levels of BB 

resistance of resistant, moderately resistant, moderately susceptible and susceptible. 

2.5. Evaluation of pollen fertility 

The evaluation of pollen fertility was conducted on selected BC
3
F
3
 lines at HUA and 

KU. The florets were sampled at anthesis from primary panicles and fixed in 70% ��
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ethanol solution. For the examination of pollen fertility, we used a 1% iodine potassium 

iodide (I
2
-KI) solution, and observations were made under a microscope. The pollen 

grains were randomly scanned on each slice and classified as either sterile or fertile 

based on their staining. Dark brown-stained pollen grains were scored as fertile and 

irregular-shaped, yellowish or light brown-colored pollen grains were scored as sterile. 

3. Results 

3.1. Marker-assisted selection 

A total of 192 BC
1
F
1
 plants derived from the backcrossing of 10 F

1
 plants were generated.  

The 53 BC
1
F
1
 plants that were heterozygous for the two genes Xa21 and tms-103S were 

selected through MAS. Among them, 11 plants were backcrossed to TGMS 103S to 

develop 36 BC
2
F
1
plants. The marker M1Xa21 was used to select heterozygous plants for 

Xa21 and markers RM3294, RM6378 were used to select heterozygous plants for tms-103S. 

The heterozygous plants for Xa21 and tms-103S were used as pollen parents in 

backcrossing. Consequently, we obtained 72 BC
3
F
1
 plants carrying a heterozygous allele 

for Xa21 and tms-103S. Among the 72 BC
3
F
1
 plants, 29 were selected by using the same 

marker sets at both Xa21 and tms-103S, and then 20 of the 29 plants were analyzed by using 

74 SSR markers throughout the rice chromosomes. The self-pollination of above 20 BC
3
F
1
 

plants generated 20 BC
3
F
2

populations with a total of 1,166 BC
3
F
2
 individuals, whose 

morphological features and the segregation behavior were then scored. Two BC
3
F
1
 plants 

had only one chromosomal segment of IR24 on chromosome 5 for BC
3
F
1
 12-6 and 

chromosome 7 for BC
3
F
1
 15-6. The number of plants showing a similarity to TGMS 103S 

in the BC
3
F
2
 populations derived from BC

3
F
1
 12-6 and BC

3
F
1

15-6 were higher than the 

BC
3
F
2
 populations that were derived from the other BC

3
F
1
 plants, which had more retained 

chromosomal segments of IR24. 

Phenotype observation of BC
3
F
2
populations showed that BC

3
F
2
1 and BC

3
F
2
2 

populations were mostly similar to TGMS 103S. By screening the BC
3
F
2
 populations, 

79 plants homozygous for both tms-103S and Xa21 were selected. Phenotypic selection 

was also performed on BC
3
F
2
. Finally, 47 BC

3
F
2
 plants were selected as candidates of 

TGMS having BB resistance. The BC
3
F
3
lines derived from these 47 BC

3
F
2
 plants were 

grown in a mountainous region of northern Vietnam, where has low temperature at 

heading time ensuring the fertility of tms-103S. Based on the WGS of the selected 

BC
3
F
2
 plants, 3 lines of BC

3
F
3

1-3 (tX2), BC
3
F
3
 1-6 (tX3) and BC

3
F
3
 16-116 (tX32) 

were selected as candidates of new TGMS lines. Lines tX2 and tX32 had no retained 

chromosomal segments of IRBB21 except the Xa21 locus, and were chosen as TGMS 

sources resistant to BB (Fig. 3). 

 

3.2. Resistance of the improved lines to Xoo strains 

To confirm the resistance of newly selected TGMS lines to BB, BB pathogen was 

inoculated in the BC
3
F
3
 generation. The result of BB inoculation conducted in HUA, 

with BB-susceptible IR24 as control, showed that all 47 selected BC
3
F
3
 lines were 

resistant and moderately resistant to two Vietnamese Xoo strains, HAU 02009-2 and 

HAU 02034-6. Based on the result of BC
3
F
2

WGS, plants of four BC
3
F
3
 lines (tX2, tX3, 

tX31 and tX32) were inoculated by five Vietnamese Xoo strains in KU. It was found 

that 3 of tX2, tX31 and tX32 had a high level of resistance to Xoo like IRBB21 did. 

Line tX3 was moderately resistant to G1 and G3. Characterization of BB reaction of 

tX2 and tX32 lines is given in Fig. 2. 
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�Fig. 2. Characterization of bacterial blight reaction and male sterility of new improved 

TGMS line. 

 

3.3 Sterility of improved lines 

The phenotype of pollens (Fig. 2) indicated that all plants of selected BC
3
F
3
 lines were 

sterile. The sterility of tX2 and tX32 were comparable with that of TGMS 103S. The 

critical temperature during the pollen development stage in HUA was lower than in KU. 

Consequently, function of the tms-103S gene would be activated after meiosis, leading 

to production of many pollens but almost all of them were sterile. Whereas, no pollen 

was observed in KU experiment. 

 

3.4 Graphical genotype of improved lines 

By using WGS on BC
3
F
2
 individuals, two BC

3
F
3
 lines of tX2 and tX32, having the 

same genotype as TGMS 103S was created after only six generations. In addition, BB 

resistance gene Xa21 was successfully incorporated into these two lines. The graphical 

genotype of the improved lines is shown in Figure 3.   

 

4. Discussion 

Using MAS for Xa21 and tms-103S and three generations of backcrossing followed by 

two generations of self-pollination, we obtained two improved TGMS lines, tX2 and 

tX32, that containing the BB resistance gene Xa21. These selected lines showed almost 

the same phenotype as the original TGMS 103S and a broad spectrum of BB resistance 

as the donor parent IRBB21 when inoculated with Vietnamese BB strains. The specific 

markers for Xa21 in the present study were constructed based on the information of rice 

genome sequences previously analyzed (Ronald et al., 1992, Song et al., 1995, Williams 

tX2 tX32 IRBB21 (control) 

103S IRBB21 IR24 tX2 103S IRBB21 IR24 tX32
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et al., 1996). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� �Fig. 3. Graphical genotype of two new TGMS lines with bacterial blight resistance. 

 

The three-line system is widely used in the breeding and development of hybrid 

rice. Minghui 63, which is an elite restorer of hybrid rice in China, has been developed as 

a resistant variety to BB (Sheng et al., 2000). In general, a two-line system would be 

expected to result in a much more stable because of the maintaining male sterile genotype 

and a simple strategy of hybrid seed production. The aspect of susceptibility to diseases 

and pests in the TGMS line, however, must be improved. To transfer BB resistance to the 

maintainer of the hybrid variety, we selected heterozygous plants at the tms-103S locus in 

backcrossing generations BC
1
F
1
, BC

2
F
1
, and BC

3
F
1
. The selected plants of the BC

3
F
2
 

generation were maintained as ratoon at Hanoi under high temperature conditions. The 

ratoons were brought to the mountainous region of northern Vietnam to obtain BC
3
F
3
 

seeds, where TGMS 103 was fertile because of low temperatures below 24°C. 

Improvement of the TGMS line with a dominance gene for BB resistance is 

very effective because the F
1
 hybrids always maintain resistance to BB. The restorer, 

therefore, can be improved with other characters of interest by combining with the new 

TGMS to perform much higher effect of heterosis. The newly developed TGMS line 

can be used for testing the combining ability using any restorer in a future hybrid rice 

breeding program. 
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Abstract 

A new thermo-sensitive genic male sterile (TGMS) line 135
s

 was selected from a cross 

between a TGMS 103
s

 line and the other TGMS line Peiai64
s

 using pedigree method selection 

during the period from 2003 to 2006. The sterility as well as several other agronomic 

characters of the TGMS 135
s

line were estimated. The results showed a new plant type with 

short growth duration (78-80 days) and complete sterility when exposed to extreme 

temperatures. A great capacity for obtaining outside pollens was also demonstrated. In the 

experiment, the TGMS line also showed high grain yield (4.86 ton ha
-1

) obtained in self 

multiplication at fertility stages. The GA3 amount required for helping this line obtaining 

ousite pollens in F
1
 seed production is low (140 g per ha).  

Furthermore, 135
s

 has abundant wild combination abilities with male parents. F
1
 hybrid 

combination produced from the 135
s

 line with 6 restorer lines (R45, R50, R63, 9311, No 44, 

No 154) showed greater heterosis for grain yield 2.0- 4.0 ton per ha over BoitapSonthanh, an 

F
1
 hybrid rice variety introduced from China. Thus both the high grain yield maintenance of 

TGMS seed, high grain yield of F
1
 seed production and F

1
 hybrid rice, TGMS 135

s

 line are 

good for use in two-line hybrid systems across the country.  

1. Introduction 

  

To date, the CMS or three-line method is effective and widely used in producing hybrid rice. 

In the tropics, use of TGMS has been effective in developing hybrids and has shown prospects

in increasing the efficiency of hybrid rice breeding. Developing TGMS lines is one of the 

basic steps in obtaining superior two-line rice hybrids. However, some problems have been 

encountered by breeders in the handling of breeding lines because of the inherent nature of the 

TGMS trait and the fluctuating temperatures which affect its expression. Plant breeders at IRI 

of HUA have been working on the development of an efficient breeding program to generate 

suitable TGMS lines.  

��



2. Materials and methods 

2.1 Materials:  

 TGMS lines: Peiai 64S; 103S;  

 Restorer lines: R50; R45; 9311; R63; No44; No 154 

 Check variety: Boi Tap Son Thanh; 

2.2 Methods  

 The hybridization method followed pedigree selection for the development of a new 

TGMS line.  

 To evaluate heterobeltiosis and standard heterosis 

 

3. Results and discussion 

3.1. Results of  breeding 135S line. 

Flowchart of 135
S

breeding 

         103S x Peiải64
s

                                              Year 2003 (spring and summer) 

 

          103S x F1                                                      Year 2004 (spring and summer) 

  

        Pedigree selection  

             

  Pedigree. 

               ...... 

     ........          

 

Evaluate parents and make testcross                     spring 2005 

 

 Pure lines and testcross                                            summer 2005 

 

 Pure line and seed production                                                     Year 2006 

135S derived from cross 103s/Peiai 64S is short – duration, new plant type, high 

herotisis ability, high- yield multiplication, high outcross habit…. 

Heterobeltiosis (%)   = 

F1 – Better parent 

x 100 

Better parent 

             Standard heterosis (%)  

=        

F1 – Check variety 

x 100 

Check variety 
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3.2. Characterization of 135S line. 

Table 1: Morphogromonomic characters of 135S line in the field in summer season.  

TT Characters  135
S

 line 

1 Time from sowing to flowering (days) 78 – 80 

2 Plant height (cm) 86,57 

3 Active tillers 4,31 

4 Number of leaves 14,3 

5 Time of flowering 9h30 

6 Outcrossing rate (%) 74,29 

7 Grains panicle
-1 

239,5 

8 Plant type New plant type 

9 Fertile rate Completely fertility 

10 Ability for obtaining outside pollens (from restorers) Good 

11 1000 – grain weight (g) 22,0 

12 Stigma exertion rate (one sides) (%) 37,22 

13 Stigma exertion rate (both sides) (%) 41,8 

14 Grain filling rate to the effect of GA
3
 (%) 87,82 

 Growth duration of 135 S from sowing to flowering varied from 78 to 80 days and it 

depended on sowing date. The height of 103 S line was about 86, 6 cm and it had about 7 

tilllers/plant (The number of active tillers was 4, 5 tillers/plant). 

A significant cross test shows that the F
1

hybrid rice crossed between 135s and restorer lines 

had a normal fertility rate. The result suggests that 135s line is a potential promise to be a 

TGMS line of two-line system in hybrid rice breeding. Extensive cross-testing shows that 

hybrids have normal fertility when 135S is crossed with pollen lines, suggesting that it is a 

potentially promising TGMS strain for the two – line system of hybrid rice breeding. 

Table 2: Yield and yield components of 135
S

 line in summer  in 2006 at Bacha – Laocai 

Active 

tillers

hill
-1 

Number 

of

spikelets 

panicle
-1 

Number 

of filled 

grains 

panicle
-1

Fertile 

rate (%)

Individual 

yield 

(g plant
-1

)

1000 – 

grains 

weight

(g) 

Yield

(tons ha
-1

)

8,0±2 240±4 140±3 85,0 23,0±2 22,0 4,86±2 ��



Research on seed multiplication at Bacha District – Lao Cai province showed that 135 – 

S has a short duration (120 day) (about 80 days from sowing to 20% flowering). Average yield 

was about 4, 86 tons ha
-1

. 

Table 3: Effect of GA3 on ability to obtain outside pollen from the 103s and 135s lines. 

Days after flowering

Outcross rate - No GA
3
 (%) Outcross rate - GA

3
 (%) 

103
S

 135
S

 103
S

 135
S

 

1 56,90 50,33 71,96 78,93 

2 44,50 39,07 65,15 67,99 

3 35,50 32,03 63,19 59,63 

4 26,60 23,70 51,13 36,40 

5 17,30 14,20 35.03 15.73 

6 11,40 9,13 19,50 20,06 

7 4,90 7,17 7,90 15,70 

LSD 5% 4,80 2,61 4,20 3.98 

CV% 9,60 5,30 5,80 5.40 

Without applying GA
3
, the outcross (cross fertilization) rate of 103s is higher than 

135s line. In contrast, with the treament applied GA
3
 the outcross rate of 135s line is higher 

than 103s. The greatest effect of GA3 on the outcross habit of 135s line is three days after 

flowering.  

Table 4: Yield and yield components of 6 F1 hybrid combinations. 
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135
S

/R50 4,7 293,1 259,0 88,4 23,5 21,4 37,6 0,52 94,4

135
S

/R45 3,9 307,4 265,1 86,2 23,5 18,5 34,2 0,53 78,8

135
S

/9311 4,0 204,5 173,8 85,0 28,1 18,0 37,2 0,47 64,5

135
S

/R63 4,2 233,6 204,0 87,3 28,5 19,4 37,9 0,39 80,6

135
S

/44 3,8 227,6 193,1 84,8 26,6 21,2 39,2 0,52 71,7

135
S

/154 4,4 199,5 187,2 93,8 27,1 18,1 36,4 0,49 78,0

BTST(Đ/C) 4,0 185,4 173,6 93,6 21,5 14,9 36,6 0,41 49,3

6 F
1
 hybrid rices crossed between 135

s

 and 6 restorer lines ��



 

Research on the combination habits of 135s with pollen lines and test heterosis of F1 revealed 

that hybrids had high heterosis when 135s was crossed with pollen lines. The six combinations 

of 135 s, 135/R50 and 135s/R63 had the highest heterosis of all agronimic traits, outcrossing 

habits….. 

 Hybrids of 135S had a higher heterosis than the check variety (boi tap son Thanh). 

Table5: Heterosis for yield components of 6 F1 hybrid combinations 

      Yield

components 

F1

hybrid 

Combinations 

Number of 

tillers 

Number of 

filled grains 

panicle
-1 

1000-grains 

wieght 

Invididual yield

HB % HS % HB % HS % HB % HS % HB % HS % 

135S/R50 46,9 17,5 37,1 49,2 4,0 9,3 68,5 36,6 

135Ss/R45 17,2 -15,0 57,4 52,7 11,8 23,3 57,3 24,2 

135S/9311 48,1 0,0 16,7 0,1 -3,1 30,7 78,2 20,8 

135s/R63 -6,7 5,0 29,4 17,5 0,0 32,6 -26,2 3,2 

135s/44 -7,3 -5,0 -23,9 11,2 4,6 37,7 1,0 42,3 

135s/154 -18,5 10,0 39,7 7,8 -1,0 33,5 28,6 21,5 

The delta of table 5 shows that of the four characters of combination, the seed set panicle
-1

, 

invididual yield standard heterosis and heterobeltiosis was higest on all combination.  

 Compared to the check variety, the characters seed set panicle
-1

, 1000-grain weight and 

invididual yield have a higher standard heterosis. But the tiller habits of all combinations 

werelower than the check variety. 

4.  Conclusion 

 We came to the following conclusions:  

- TGMS 135 S lines have a new plant type, stable fertility, high-yield seed 

multiplication and outcrossing habit … 

- The 135 S line has high general combining ability with pollen lines and higher 

standard heterosis than the check variety (BTST) 
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Abstract

For the diversification of CMS, wild rice or CMS lines were crossed with identified 

maintainer lines . New CMS lines were developed, such as: OMS1-2, AMS 71A, 

 AMS72A and AMS73A). 

     Several CMS lines were developed by continuously backcrossing between exiting 

CMS lines and newly developed maintainer lines. 

     Conversely, in order to develop new adaptable TGMS, a set of short duration, adapted 

varieties and available maintainer lines viz. Kim 23B, IR58025B, BoB, II32B were 

crossed with available TGMS lines Peiai 64S, TQ 125S, 7S, CN26S. The TGMS lines 

have been developed through pedigree selection methods from single crosses, from 

backcrossed generations viz. BC1, BC2 and BC3, or through another culture of F1 plants 

of crosses between TGMS lines and inbred cultivars.

     Several TGMS lines with stable male sterility, short duration and a high rate of stigma 

exertion have been developed. Specifically, several known maintainer lines viz. Kim 23B, 

IR58025B, II32B, BoB....were converted into TGMS  lines instead of maintainer lines. 

Among the new TGMS lines developed in Vietnam, 103S and T1S-96 were exploited on 

a commercial level. These were female lines of the released two-line hybrids such as 

VL20, TH 3-3, TH3-4 and HC1. Additionally, several restorer lines (male parents) as 

well as TGMS lines with a Wc gene have been developed. These lines have been crossed 

with Indica and Japonica varieties in order to develop super hybrids (Indica x Japonica 

hybrid).

For the breeding of new hybrid rice in Vietnam during 2001-2005, 22 CMS lines and 

TGMS lines were crossed with good male parents. Among 8130 test crosses done, 434 

good crosses were identified. A total of 481 rice hybrids were evaluated for yield 

potential and 134 promising hybrids were selected for primary yeild trials and regional 

yield trials. In five years, several hybrids viz. HYT83, HYT92, HYT 100 (3 lines hybrid) 

and Vl20,TH3-3, Th3-4, HC1 (2 lines hybrids) were released for commecial hybrid rice 

production in Vietnam. 

Regarding quality aspects, hybrid rice developed in Vietnam has better eating quality 

than existing hybrids. For F1 seed production technology, the F1 seed production 

package for each released hybrid was developed by different research institutes and these 

were used by seed companies or cooperatives involved in F1 seed production programs 

of MARD. The average yield of F1 seeds in Vietnam reached around 2 tons/ha, or a total 

of 1500 to 2000 ha of hybrid seed production, and presently Vietnam produces 3500–

4000 tons of hybrid rice seed annually.However, hybrid rice has been planted on about 

600000 ha per year in Vietnam, with an average yield of 6.0 to 6.3 tons/ha. 

Key Words: CMS, TGMS, Hybrids, Maitainer lines

Introduction

Rice production in Vietnam 

     Vietnam’s physical rice area is 4.2 to 4.5 million ha. The annual harvested rice area is 

7.2–7.6 million ha. In general, two rice crops can be grown in the Northern provinces, 

while 2-3 crops can be grown in the Southern provinces. ��



Regarding productivity, the average yield of rice in Vietnam increased from 2.13 mt per 

hectare (t/ha) in 1975 to 2.9 t/ha in 1998 and to 3.9 t/ha in 1997, 4.2 t/ha in 2000 and 4.67 

t/ha in 2003 (MARD 2004).

     In order to reduce rice planting areas to about 4.0 million ha in order to make room for 

other crops which have a higher income per unit area and while maintaining exports of 4-

5 million tons of rice to the world market, Vietnam has to produce 40 million tons of 

paddy in 2010. Among several options, the development and use of hybrid rice have been 

considered as a readily available approach. 

Recent achievements in hybrid rice research 

 Results of converting high-quality maintainer lines identified to new CMS. 

     Seventeen high-quality maintainer lines with a short duration, short stature, good 

adaptation to Vietnamese conditions, tolerance to diseases and a good combination of 

abilities were selected from a testcross nursery for developing new CMS lines. The 

complete male sterile plants were selected for back crossing to their corresponding CMS 

lines. 

     The backcrossing populations were in different states. Among 12 crosses selected, 3 

were completely sterile CMS lines which were developed and .named as OM1-2A, AMS 

71A and AMS 72A. These new CMS lines have been used as test crosses in hybrid rice 

breeding programs. The remained back crossing generations from BC4 F1 to BC7 F1 have

shown 60-96.5% of the population to be complete pollen male sterility. The percentage of 

completely pollen-sterile plants increased gradually in later back-crossing generations . 

  Results of the development of new maintainer lines. 

     In order to diversify and improve mantainer lines for use in 3 line hybrid rice 

breeding ,7 available maintainer lines were crossed in pairs with the objectives of 

developing new maintainer lines with a short duration, good phenotype, good tillering, 

high stigma exertion and improved quality of CMS lines. The plants of F1, F2 ,F3, 

generations of 6 crosses involved 8 maintainer lines, as their parents were selected 

following bulk method. In F4 generation 20-25 individual plant were selected for back 

crossing in pairs with correspondent individual plants of eachCMS line. 

     From the F5 generation 132 promising lines were selected and 38 lines were crossed in 

pairs again with correspondent CMS lines, the 24 lines have shown themselves to be 

good maintainers for the pollen sterility of CMS (WA source). The backcrossing is 

continued to convert these promising maintainer lines into new CMS lines. 

   Results of developving new tropical  TGMS lines  in Vietnam 

     To create new tropical TGMS lines adapted to tropical conditions, the adapted  

cultivars  were crossed with available TGMS lines and new TGMS lines have been 

selected in segregating generations. The new TGMS lines have stable pollen sterility 

under critical temperatures of 23-24 .0c. They are also uniform in phenotype combined 

with a positive bonding ability and good flower characteristics which were selected and 

used for crossing new hybrid rice combinations . The new TGMS lines created by 

different research institutions are presented in Table 1. 

Table1. Available TGMS lines developed and used in Vietnam during 2001-2005.

Lines Source Institution Critical 

fully sterile 

T
0

Critical 

fertile T
0

Used level 

P5s T1SxPeiai64 HAU 25
0

C and 

day length 

12h16’ 

≤ 24
0

C For breeding 

T4S T1S x Peiai64 HAU 25
0

C ≤ 24
0

C For breeding 

P47S Selected from 

Peiai64S 

HAU 25
0

C ≤ 24
0

C For breeding ��



AMS27S(7) TGMSx nbred VASI 25
0

C 23.5
0

C For breeding 

AMS 28S  TGMSx nbred VASI 25
0

 23.5
0

C For breeding 

AMS 29S  selected from 

segregated 

material 

VASI 24.5
0

C 23
0

C Promising variety 

 

AMS 30S  Selected from 

segregated 

material 

VASI 24.5
0

C 23
0

C Promising varieties 

HYT102, HYT103

 

AMS26S 

(CL64S) 

Selected fromm 

Peiai 64S 

VASI 24.5
0

C 23
0

C For breeding 

AMS32S CL64S x 

VN292-1 

VASI 25.5
0

C ≤ 23
0

C For breeding, 

Promising variety 

 

AMS31S CL64S x 

VN292-2 

VASI 25.5
0

C ≤ 23
0

C For breeding, 

Promising variety 

AMS33S CL64S x 

BM9820-11 

VASI 25.5
0

C ≤ 23
0

C For breeding 

TGMS6 Crossing FCRI 25
0

C ≤ 23
0

C For breeding 

TGMS1 Crossing FCRI 25
0

C ≤ 24
0

C For breeding LDH5

TGMS20 Pollen culture 

TGMS6/Xi23 

FCRI 25
0

C ≤ 24
0

C For breeding 

promising LDH4 

TGMSH7 Pollen culture 

125s/97B 

FCRI 25
0

C ≤ 24
0

C For breeding 

D101S VN1 xDT12 AGI >24
0

C ≤ 24
0

C For breeding 

D102S VN1 xDT12 AGI >24
0

C ≤ 24
0

C For breeding 

D103S VN1 xDT12 AGI >24
0

C ≤ 24
0

C For breeding 

TGMS18-2 H84 x CR203 AGI >24
0

C <24
0

C For breeding 

TG1 103S/ Peiai64S Vanlam   For breeding 

TG2 Selected from 

imported 

varieties 

Vanlam   For breeding 

TG10 TGMS3/C70 Van lam   For breeding 

TG22 TGMS2/R15 Vanlam   For breeding 

     Among newly developed TGMS lines,T1S -96, 103s were used as females for 

released two line hybrids: VL20, TH3-3, TH3-4, HC1and other TGMS lines viz. P5S, 

AMS29S, AMS30S TGMS1, TGMS20 were used as females of promising two line 

hybrids viz HYT102, HYT103,HYT106, HYT107, LDH4 and LHD5. 

     Developing new TGMS lines based on the genotype of parental lines (maintainer lines 

and restorer lines) of adapted three line hybrids. 

     In order to overcome the unstability of some CMS lines, we used a limited number of 

restorer lines and initiated some improvements of character in some female parents 

(CMS) lines, several maintainer lines viz. II32B, Jin23B, IR62829B,IR58025B, BoB, 

Zhenshan97B and male parents such as line 77, Gui99, R242, Trac64, PK838... These 

parental lines characterized by short duration, short plant height, good combining ability 

adaptation to Vietnamese conditions. These parental lines were crossed with 4 TGMS 

lines viz. CL64S, 7S, CN26S and TG125S. 

     Up to 2004, 735 sterile male lines of different generations viz. F3BC2, F4BC1, F4and 

F5 were isolated and selfing seeds of these lines under 20-22
0

C were harvested. For 

breeding, TGMS lines with superior cold tolerance, seedlings of 735 TGMS lines were  

screened  under low natural temperature(9-15
0

C)  for one week and 426 TGMS lines 

which show a positive tolerance to cold conditions and have been selected and 

maintained. The TGMS lines selected have short duration (from sowing to flowering 

being 60 to 70 days), short in plant height (75 to 90cm), spikelet/ panicle ranged from 

165 to 312 in summer crop and 120 to 272 in the spring crop and stigma exertion are 

good or very good. ��



     Uniformed TGMS lines were selected and have been used to cross with good restorer 

parents of three line hybrids. Total of 86 F1 were evaluated in summer 2005, highly 

heterosis crosses were identified such as 25B-10-16/Q5-4, 25B-10-12/PK838-32, 25B-

10-8/PK838-34, 25B-10-12/MK63-4, 32B-96-4/PK838-1, 32B-15-6-4/R9, 32B-

66/Sonthanh7, Kim 23B-107-10/PK838-11, 32B-104/PK838-17. Results of test crossing 

have confirmed that new TGMS lines based on maintainer lines of three line hybrid 

systems have been developed. These results create opportunities to replace two line 

hybrids with three line hybrids in order to overcome some limitations, for example, the. 

instability of pollen sterility of II32Aand medium stigma exertion of IR58025A etc. In 

addition, newly TGMS   based on B line requires no restorer genes in their male parents 

therefore there is more chance of breeding high heterosis two line hybrids compared to 

existing three line hybrids 

Results of development parental lines with the WC gene  

     The Peiai 64S with the WC gene was crossed with inbred varieties and the selection of 

parental lines followed 2 directions. 

- Selected fertile plants in segregated generations in order to develop male parents 

having the WC gene 

     Selected sterile plants  in segregated generations of single crosses or in backcrossing 

generations. Sterile plants of the F6BC1 generation were used to test cross 

Indica/Japonica in order to check and identify male parents with the WC gene in the 

spring and summer of 2005. A total of 8 uniformed TGMS lines with 100% of pollen 

sterility were selected. These selected TGMS lines have superior stigma exertion, short 

duration and phenotype acceptability. Those selected TGMS lines have been crossed for 

an Indica/Japonica check. Results showed that TGMS lines named D59,d60 andD28 have 

the Wc gene. 

     From segregated populations of single crosses involving Peiai 64 as female parent, 

eight uniform, good phenotypic and highly fertile lines were selected. These selected 

lines were crossed to Indica check (IR36) and Japonica check (taiholen)  8 male parental 

lines with a WC gene are shown as fertile F1 with both Indica check (IR36) and Japonica 

check (taiholen). 

Table 2. Major characters of newly TGMS developed throught anther culture of F1 

plants. 

Or

der

Name of 

TGMS line 

Cross Institution

Developed

Duration

from

seeding

to flower

Stirile

pollen at 

T
o

>24
o

 C 

(%)

Stigma

exertion 

Color of 

stigma 

1 CNSH8S Paiai64S/25B VASI 62 (M) 100 good white 

2 CNSH9S Paiai64S/25B VASI 65 (M) 100 good white 

3 TGMS H7 Paiai64S/Z.97

B 

FCRI 65(M) 100 good white 

4 TGMS H20 Paiai64S/Xi2

3 

FCRI 82(x) 100 good white 

5 TGMS CN1 TGMSVN7/in

bred 

AGI 73(x) 100 good black  

6 TGMS CN2 TGMSVN7/in

bred 

AGI 68 (M) 100 good black 

7 Paiai64S Introduction China 62(M) 91,5 good black 

 

Result of crossing and evaluation of new hybrid rice in Vietnam 

     Twelve stable male sterile CMS lines, 10 TGMS lines, and 2000 male parents (inbred 

lines and varieties) were used in test crosses for the development of two and three line ��



hybrids  for Vietnam.. Total of 8130 test crosses  were done during 2001-2005 and 434 

crosses  were selected for retest crossed. At the hybrid rice research center, seed 

production of 340 selected hybrids was conducted with the use of isolation-free methods 

(developed by IRRI). A total of 481 rice hybrids were evaluated in an observation yield 

trial and 134 promising hybrids were selected for the primary yield trial. About 15-18 

promising hybrids were selected per year and were tested in the National Hybrid Rice 

Yield Trial (NHYT). The National Hybrid Rice Yield Trial was conducted under 

different ecological conditions (6-8 locations). 

     
Table 3. The average yield of some promising combinations in national trials fir hybrid 

rice in 5-9 different locations. 

Season

Good nominated 

combinations

Average

yield

(kg/ha)

Remark System 

Spring

2001

HYT56 (25A/R242) 

HYT88 (25A/IR10198) 

HYT83 (25A/RTQ5) 

HYT82 (25A/RP2) 

Boitapsonthanh (check) 

5789

5658

5259

5388

5259 Chinese hybrid 

three line 

three line 

three line 

three line 

two line 

Spring

2002

HYT83 (25A/RTQ5) 

HYT56 (25A/R242) 

HYT88  (25A/IR10198) 

Nhiuu 838check) 

6255

5962

5777

5772 Chinese hybrid 

three line 

three line 

three line 

three line 

Spring

2003

HYT100 (25A/R100) 

HYT83 (25A/RTQ5) 

HYT92 (25A/PM3) 

TH3- 3 (T1S –96/R3) 

Nhiuu 838 (check) 

6837

6752

6651

5591

6501

Very good quality 

Good quality 

Very good quality 

Height yield in seed 

prod.

three line 

three line 

three line 

two line 

three line 

Spring

2004

HYT83 (25A/RTQ5) 

Dyou 527 (D62A/R527) 

HYT100 (25A/R100) 

CV1 (Peiai64S/9311) 

HYT92 (25A/PM3) 

HYT88 (25A/IR10198) 

Nhiuu 838 (chech) 

7708

7700

7445

7481

7120

7251

6985

Good quality 

Chinese hybrid 

Very good quality 

Chinese hybrid 

Good quality 

three line 

three line 

three line 

two line 

three line 

three line 

three line 

Spring

2005

D.you527

(62A/Thuckhoi527)

HYT102(AMS30/GR 10)

HYT100 (25A/R100) 

Nhiuu 838 (check) 

7330

7077

6757

6347

Chinese hybrid three line 

two line

three line 

three line 

Table 4. Average yield of high quality hybrid rice varieties HYT100 and HYT83 in 

Spring season 2003-2005

Hybrid

National Hybrid Rice Yield Trial 

National

testing

Average

yield

(tone/ha)

Spring 2003 Spring 2004 Spring 2005 Spring 2004 

No of 

provin

ces 

Yield 

(tone/

ha)

No of 

provin

ces 

Yield

(tone/

ha)

No of 

provin

ces 

Yield

(tone/

ha)

No of 

provin

ces 

Yield 

(tone/

ha)

HYT 6 6.837 7 7.445 7 6.757 8 6.560 6.889 ��



100

Nhiuu

838

(check)

7 6.501 6 6.989 7 6.627 8 6.520 6.643 

HYT 

83

7 6.752 8 7.708 -  - - 7.262 

Table 5. Results of the demonstration at Hai Duong province in Spring 2004. 

Order Variety 

BinhXuyen-

BinhGiang-HaiDuong

HopTien-

NamSach_HaiDuong

Average

yield

(kg/ha) 

Area

(m
2

)

Yield

(kg/ha) 

Area

(m
2

)

Yield

(kg/ha) 

1 HYT83 15210 8520 1500 8440 8480 

2 HYT100 526 7837 500 7780 7809 

3 D.u 527 1721 8113 1500 8390 8252 

4 Er you. 838 5476 7902 5000 7580 7741 

5 CV1 1051 7425 1000 7620 7523 

6 Khang dan 18 

(Check)

900 7182 1000 6920 7051 

7 Q5 (Check) 900 7695 1000 5810 6752 

8 Boi tap son 

thanh 

2297 7224 2000 7000 7112 

     Regarding quality, study of milling, percentage, heading percentage, length of grain, 

L/W ratio, amyloza content, etc. showed that these characteristics of hybrid rice are 

similar to those found in the inbred check. However, the amylose content  of hybrid rice 

has a lower range of 18-20%. For eating quality, hybrids HYT100 and HYT92 were 

evaluated as “very good quality” with aromatic smells, and HYT83 and TH3-3 were 

evaluated as “good quality” for eating. The eating quality rankings of HYT100, HYT92, 

and HYT83 compared to the most popular inbred varities are presented in the table  

     High yielding hybrid with wide adaptability, good quality, and tolerance to diseases 

and insects were selected and released for commercial rice production from 2001 to 2005. 

Several hybrids were released (indicated below): HYT83, HYT92 and HYT100 (three-

line hybrids) and VL20, TH3-3, TH3-4, HC1… (Two-line hybrids). Several promising 

two-line hybrids, HYT102, HYT103, VL1, HYT106, HYT107, TH3-5, and LHD4, and 

three-line hybrid HYT105 have been identified for farmer field demonstrations. 

     Typical two-line hybrids are short in duration and suitable as late spring and early or 

very early summer rice crops in Vietnam. Most existing three-line hybrids are not 

adapted as early summer rice crops in Vietnam. Hybrid seeds to obtain 2.5-3.0 tone/ha 

were easily produced, while only 1.5 -2.5 ton/ha of three-line hybrids (HYT83, HYT100, 

HYT92) were obtained. The available rice hybrids used in commercial hybrid rice 

production are presented in the table (Hoan et al. 2006). 

Table 6. Hybrids released for commercial rice production in Vietnam.

Name of hybrid Season Source 

Yield

(tons/ha)

Status 

Year of 

release 

Bo you 64 Summer China 6 - 8 Less 1994 

Bo you 903 Summer China 6 – 8 Present 1996 

Shan you 253 Summer China 6 – 8 Present  

Shan you 63 Summer China 6.5 – 8  Less 1992 

Shan you 63 Spring China 7 – 9  Less 1992 ��



Shan you Que 99 Summer China 7 – 8.5  Less 1994 

Er you 838 Spring China 7 – 8.5 Present 2000 

Er you 63 Spring China 7 – 8 .5 Present 2000 

D.you 527 Spring China 7 – 9 Present 2001 

VL 20 (Two line) 

HC1    (two line) 

Summer&

Spring

Vietnam

Vietnam

6 – 8

6-8

Present

Present

2002

2005

TH3-3 (Two line) 

TH3-4  (two line) 

Summer&

Spring

Vietnam

Vietnam

6 – 8

6--8

Present

Present

2003

2005

HYT57

(Three line) 

Summer Vietnam 6 – 8  Less 2000 

HYT83

(Three line) 

Summer, 

Spring

Vietnam 7 – 9  Present 2003 

HYT92 Summer, 

spring

Vietnam 6.5-8 Present 2005 

HYT100 Spring Vietnam 7  -9 Present 2005 

TN15 Spring China - 

Vietnam

7 – 9 Present 2001 

Studies on disease resistance 

     Twenty-seven  parental lines of two- and three-line hybrids were screened for 10 races 

of xanthomonas oryzae pv. Oryzae (isolated from IRRI). The reactions of parental lines 

to the diseases were reported (Buu and Lang 2003). The data showed that II-32B is 

resistant to 10 races, and Peiai 64 and Son thanh are resistant to 9 races. There are 4 

parents viz. IR 78595A, IR 75601A, II-32A and IR 68885B resistant to 8 races. The 

parents resistant to 7 races are BoA, IR 73328A and Buc Khoi 838. It is important to note 

that only 12 of the 27 varieties showed resistance to Race 3. The study also showed that 

Races 2 and 3 are the most relevant in the hot spot for Bacterial Leaf Blight deseases in 

the Northern provinces of Vietnam. 

     Using the PCR technique with primers forward and reverse constructed from markers 

RG136, RG 556 and PTA248 to investigate linkage with xa13, xa5 and Xa21, It was 

discovered that none of the 27 parental lines corresponded to gen xa5 or Xa21. However, 

using marker RG 136, with resistant check IRBB13 and susceptibility check IR24, it was 

discovered that three varieties viz. Son Thanh Re, IR 68897B and IR 75601 B had 1500 

bp resistant bands to IRBB13. 

     The standard lines with genes known to resist IRRI were screened for 11 races of the 

bacteria. The data showed that 4 lines viz. IRBB4 (Xa4), IRBB5 (xa5), IRBB7 (xa7) and 

IRBB21 (Xa21) have good resistance to 6–9 races of bacteria causing BLB disease. 

However, genes xa5, xa7 and Xa21 are very important to incorporate into the parental 

lines of rice hybrids in Vietnam. 

     The 66 F1 of test crosses between IRBB4, IRBB5, IRBB7, IRBB11, IRBB13, IRBB21, 

Nep, Trum bong and several male parents were screened for 11 races of BLB disease. 

The results showed that only 8 hybrids were resistant to 8–11 races of the disease. 

Among the 8 hybrids, 2 hybrids involved IRBB4 with dominant gen (Xa4). One hybrid 

involved IRBB 21 (Xa21). The remaining 5 hybrids involved recessive genes xa7, xa11, 

and xa13. The results of this study suggest that the CMS or TGMS need to acquire Xa4, 

xa7, xa11, xa13 and Xa21 in order to develop hybrid rice resistance to bacterial leaf 

blight.

Development of a national capacity to undertake large-scale parental and hybrid 

seed production as well as hybrid rice cultivation 

   Rapid extension of commercial hybrid rice production. ��



     About 100 ha of hybrid rice was planted in Vietnam in 1991. The area covered by 

hybrid rice increased substantially to 200000 ha in 1998, 480000 ha in 2001 and 600000 

ha in 2003. Hybrid rice cultivation is now spreading to the south central coast and central 

highlands, in addition to the 31 northern provinces. In general, the yield of hybrid rice is 

6.3-6.5 t/ha compared to the national average yield of about 467 t/ha. 

Training and transferring seed production technology to seed companies and local 

provinces:

     To spread F1 seed production technology in Vietnam, an in-country training program 

was organized to train the seed growers of different organizations in seed technology. 

-Local extension deparment 

-Hybrid Rice Research and Developing Center 

-Supporting training from ADB/IRRI project 

Thanks to training in seed production, the area increased from 267 ha in 1996 to 

620 ha in 2001. The yield and production of hybrid seeds also increased from 1.75 

tons/ha to 2.3 tons/ha and from 467.5 tons to 1426 tons in the same period. In 2001, 

about 1400 ha was used for hybrid seed production. In some areas, a seed yield of more 

than 2 tons/ha could be obtained, but due to unfavorable climate conditions during 2001, 

the average yield was reduced to 1.7 tons/ha. In 2002, 2003 and 2004, Vietnam produced 

1500–1700 ha and an average yield of 2000-2400 kg/ha was obtained per year.  

Major achievements in seed production technology   

    In order to reduce the cost of seedling nursery preparation, polyethylene and materials 

(bamboo sticks), dense sowing methods were applied to the seedlings of the parental 

lines. The seedling nursery was reduced to 300m
2

 from 3000m
2

 and the seedlings were 

transplanted at the 3-3.5 leaf stage. The yields of the seed production plots were similar 

to those of the sparse sowing method (normal method). The results of F1 seed production 

of NU838 and HYT83 are presented in the table. 

Table 7. Observations on some population items for the R and A lines, and F1 seed yield 

of the HYT83 combination 

      Items 

Lines 

No of 

hills/m
2

No of 

panicles/hill 

No of 

spikelets/ 

panicle

No of 

spikelets/ha 

(million) 

Seed yield 

(Kg/ha)

R dense 

sowing

6 6,9 134 55,4  

R sparse 

sowing

6 6,75 132,5 53,7  

A dense 

sowing

36 8,2 139,1 410,6 1845 

A sparse 

sowing

36 8,0 133,1 383,3 1696 

On calculation, it is reduced by 3 million dong/ha (15% of the total expenditures for 1 ha 

seed production). The areas of F1 seed production using the dense sowing method 

increased rapidly. ��



Diagram: Crop seasons and locations are determined for seed production of two-line 

hybrid rice in Vietnam 

Month  12 1 2 3 4 5 6 7 8 9 10 11 

TGMS multiplication in the 

Northern provinces and 

Seed production for two-line 

hybrids in the Southern 

province

       

       F1 seed production in the 

Northern provinces 

            

      TGMS multiplication in 

mountainous areas (Sapa, Tam dao) 

             

Results of research on fertilizer applications for commercial hybrid rice production 

in Vietnam. 

It is a fact that hybrid rice adapts and produces high yields in coastal areas. However, 

in old alluvial soil, the yield advantage of hybrid rice is 20% over the inbred varieties.

     The use of N,P,K dosage and methods for applying N are studied. The results show 

that in coastal area high sulfate soil or saline soil, where nutrient potential is high, the 

formula gave the highest hybrid rice yield of 8 tones fermanure +150 kg of N+69-90 kg 

of P2O5 + 120kg of K2O for one ha in the spring crop season. However, in the summer 

crop season, nitrogen should be reduced to 120kg N/ha and the potassium range of 60-90 

K2O/ha gave the highest yield. In old alluvial soil, hybrid rice gave the highest yield with 

a fertilizer formula of 8 tones fermanure +150 kg of N+90 kg of P2O5 + 120kg of K2O.

However, in the summer, the best fertilizer formula is 8 tones fermanure +120 kg of 

N+69-90 kg of P2O5 + 90kg of K2O. In this kind of soil, high potassium application is 

required to obtain a high yield of hybrid rice. 

      For nitrogen application, the study showed that the formulas giving the highest yield 

are base application 20%, dressing for tillering (10-15 days after transplant) 40% and 

second dressing 40% of N at the initial panicle stage. The yield of hybrid rice obtained 

was 7.8-8.3 tones/ha. 

Using the color chart for nitrogen application produced the best fertilizer formula. In this 

method, leaf colors are used to determine the quantity of nitrogen to be applied in the 

second top-dressing at the initial stage. The results show that using the color chart, 30 kg 

of nitrogen was saved for the spring crop and 23 kg of N was saved for the summer crop. 

However, the rice yield was similar to the yield from 150 N in the spring and 120 N in 

the summer crop season.

Issues identified for future research and development of the technology 

- The lack of hybrid rice combinations with good grain quality, tolerant to pests and 

diseases, and short duration (105–115 days) that meet the requirements of the various 

agro-ecological zones of the country. 

- The limited genetic materials needed to developed hybrid rice suited to South 

Vietnam and with resistance to pests and diseases during the summer crop in the north. ��



     Currently, hybrids are blast-resistant but susceptible to major diseases such as 

bacterial leaf blight and sheath blight. Hence, they perform well only in the spring season 

due to lower disease pressure.         

- The lack of strong local seed production systems involving both public and 

private sectors. 

- The lack of suitable conditions for hybrid rice seed production in the north, where 

most hybrid rice is cultivated to date, due to erratic climate and late harvesting time. 

Hence, the need to identify and develop alternative seed production sites. 

- Except for HRRDC, other R&D institutes are not well equipped to shoulder 

responsibility for nucleus and breeder seed production of locally developed or imported 

hybrids.

- Reluctance of small farmers to locally produce hybrid rice seeds due to greater 

risk, very high financial requirements, lack of proper warehouse space and cold storage 

for unsold seeds, unavailability of pure CMS lines, and farmer preference for imported 

seeds.
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Abstract

Compared to China, hybrid rice technology is relatively new in other tropical Asian 

countries, but the area planted to hybrid rice is continuously growing. Bacterial blight 

(BB), caused by Xanthomonas oryzae pv. oryzae (Xoo), has been considered a major 

constraint to hybrid rice cultivation in the Philippines, Vietnam, India, and other Asian 

countries. To improve the level of resistance, bacterial blight resistance from donor lines 

in IR24 background carrying Xa4, Xa7, and Xa21 genes was introgressed through 

marker-assisted selection in parental lines of public hybrids Mestizo 1, Mestizo 2, and 

Mestizo 3. Phenotypic analysis of plants with gene pyramids showed that these lines 

provide broad-spectrum resistance to Xoo. To improve maintainer lines and restorer 

lines, marker-assisted selection was employed to advance backcross progeny that 

carried BB resistance genes. In maintainer lines, linked markers were also used to select 

against the fertility restorer genes Rf3 and Rf4. Using DNA fingerprinting to determine 

the level of recurrent parent genome recovery among the progeny lines, a high level of 

similarity with the original hybrid parental lines was achieved in the advanced lines. 

The selected maintainer lines IR58025B*, IR68888B* and IR68897B*, and restorer 

lines IR34686R*, IR62161R* and IR60819R* showed improved bacterial blight 

resistance and will be used in the future to produce BB-resistant hybrids, including an 

improved Mestizo, the most widely used public hybrid in the Philippine hybrid rice 

commercialization program. These improved lines will soon be available as a resource 

for bacterial blight resistance for hybrid rice production programs.  

Keywords:  Maintainer lines, restorer lines, Xanthomonas oryzae pv. oryzae, gene 

pyramiding, bacterial blight resistance; hybrid rice production ��



Introduction

In Asia, hybrid rice has gained popularity outside China due to increase in grain 

yield reaching 15% over superior inbred cultivars (Virmani 1996). The cytoplasmic 

male sterile (CMS) line IR58025A was developed in 1989 for use under tropical 

conditions is the most widely used CMS line in commercial hybrid production. It is the 

female parent of the Philippine hybrid variety Mestizo 1 which was released in 1997.

 The potential problem of vulnerability to pests and diseases may arise when the 

cytoplasmic male sterility of IR58025A is used continuously over a large production 

area (Mew 1988).  Field performance has shown that this germplasm is highly 

susceptible to bacterial blight —yields can suffer 30-50% loss from the disease. Unlike 

conventional inbred varieties, rice hybrids are more responsive to nitrogen fertilizer and 

exhibit vigorous growth. These attributes have contributed to the susceptibility of most 

of the rice hybrids to bacterial blight. In addition, the cultural practice of leaf-clipping in 

hybrid seed production further aggravates the problem of susceptibility. Because of the 

endemic nature and severity of bacterial blight in many Asian countries, high levels of 

resistance in hybrid rice germplasm are required if the anticipated yield benefits are to 

be sustained.

 Over 25 resistance genes to bacterial blight have been identified from cultivated 

and wild species of rice. Near-isogenic lines (NILs) and pyramids for most of these 

genes have been created in the IR24 background (known as IRBB lines) and are readily 

available for practical use in breeding programs (Ogawa et al., 1991; Yoshimura et al., 

1995; Huang et al., 1997). IR24, however, is a strong restorer of fertility. The dominant 

nuclear fertility restorer genes Rf3 (in chromosome 1) and Rf4 (in chromosome 10) pose 

a significant constraint to using IRBB NILs as donors of Xa genes because the 

inadvertent transfer of the Rf genes into maintainer lines would result in partial and 

complete fertility. This study aimed to develop improved hybrid rice parental lines with 

multiple resistance to bacterial blight through conventional breeding and marker-

assisted selection. Bacterial blight resistance genes were introgressed from IRBB NILs 

and linked or gene-based markers were used to detect the presence of Xa and Rf genes. 

Materials and Methods 

Improved maintainer and CMS lines of Mestizo 1

In 2006 WS, IR58025B* (BB resistant) lines in the BC6 generation were crossed 

to original A lines to test for maintaining ability and to derive BB resistant A lines (i.e., 

IR58025A*). In 2007 DS, 973 A×B* plants were evaluated and analyzed according to 

phenotype (morpho-agronomic characteristics) and genotype (molecular marker data).

Fertility was evaluated using I2KI staining of pollen and indirectly through Rf markers.

DNA analysis of selected A* lines. DNA from individual plants was extracted 

using a modified CTAB mini-scale protocol. Plants that were identified as completely 

sterile through I2KI staining were analyzed for presence of BB resistance genes using 

MP (Xa4), M5 (Xa7), and U1/I1 (Xa21) primers. New DNA markers for Rf3 (RM297, 

RM495, and RM 6277) and Rf4 (RM6100) shared by the Barwale Foundation were 

used to confirm I2KI test results of selected A lines. For PCR analysis, IR34686R and ��



IRBB62 were used as checks for presence of Rf genes while IR58025A was used as 

check for absence of Rf genes.

DNA fingerprinting of selected plants. Out of 973 AxB* plants, 63 were found 

to have at least two Xa genes and without Rf3 and Rf4 based on RG140 and S10019 

marker genotyping. These were DNA fingerprinted using PCR-based RGA (resistance 

gene analogue) and SRILS (Seoulin Research Institute of Life Science) markers to 

determine percent (%) recovery of recurrent parent genome. Additionally, 126 

corresponding IR58025B* lines were also DNA fingerprinted. PCR products were run 

in 6% polyacrylamide gel. DNA fragments were designated, from the top of the gel to 

the bottom, with allele numbers 1, 2, 3, and so on.   

Fig. 1. Marker-assisted selection scheme to pyramid Xa resistance genes and obtain 

completely sterile improved A lines. IR58025B* = BB-resistant B lines; IR58025A* = 

BB-resistant A line; RR = resistant genotype; rr = susceptible genotype; FF = fertile 

genotype; ff = sterile genotype; CS = completely sterile.

Improved maintainer, CMS, and restorer lines of three Mestizo hybrids 

These materials are BC4 and BC5 improved (BB-resistant) parental lines of 

Mestizo 1, Mestizo 2, and Mestizo 3 hybrids which were developed through the 

PhilRice-LSU-IRRI collaboration by Dr. Lucia Borines of Leyte State University. B* 

lines were advanced and crossed to their corresponding A lines in 2007 DS to test for 

maintaining ability. R* lines carrying Xa4, Xa7, and Xa21 were advanced and crossed 

to their corresponding A lines to compare hybrid yields with that of the original Mestizo

hybrids.

50% Rr

50% rr 

2006 DS IR58025B* IR58025B 

2006 WS BC6F1 IR58025BIR58025A

(RR) (rr)

×

(rr; ff) (Rr) (rr)

×

×

IR58025A* BC7F1 IR58025B
× ×

2007 DS 

2007 WS BC8F1

(50% Rr; ff) (rr)

IR58025A*

(Rr; ff) 

×
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Results

Improved maintainer and CMS lines of Mestizo 1

Evaluation of AxB* materials for linked markers and male sterility. The three 

new markers for Rf3 (RM297, RM495 and RM6277) showed no polymorphism both on 

2.5% agarose and 6% polyacrylamide gels. On the other hand, RM6100 (marker for 

Rf4) showed the desired polymorphism between fertile and male-sterile checks.  

Pollen evaluation of 973 CMS materials (progeny of original A × improved B* 

crosses) revealed that 270 plants (~30%) were sterile. Results of the screening of the A 

line materials using RM6100 are shown in Table 1. Most of the plants observed as 

fertile in field evaluation were heterozygous for Rf4, while almost all of the completely 

sterile plants were homozygous recessive. This might confirm the tight linkage of 

RM6100 to Rf4. Among the sterile plants, 34 were completely sterile and only nine 

were heterozygous for Xa4 (shown in Figure 2), which were further selected as priority 

A lines. Markers that are more tightly linked to Rf3 and Rf4 are apparently needed for 

MAS to be more efficient.

Plants from the same B* lines were morphologically uniform. With continuous 

backcrossing to the original IR58025B parent, the maintaining ability will eventually be 

recovered. MAS, using markers linked to Xa4, Xa7, and Xa21, is currently being 

employed to ensure the presence of the desired genes on the selected completely sterile 

plants despite continuous backcrossing.  

Table 1. Rf4 gene screening of A line progenies using RM6100 as marker. 

Cross combination 

Progenies

analyzed (no.)

Proportion (%) 

+ - h 

IR58025A × IR58025B* (B-20) 530 0.00 45.09 54.91 

IR58025A × IR58025B* (B-19) 338 0.00 49.70 50.30 

IR58025A × IR58025B* (B-29) 19 0.00 31.58 68.42 

IR58025A × IR58025B* (B-35) 11 0.00 27.27 72.73 

IR58025A × IR58025B* (B-26) 21 4.76 33.34 61.90 

IR58025A × IR58025B* (B-27) 4 0.00 25.00 75.00 

Note: (+) = positive; (-) = negative; (h) heterozygous.  

DNA fingerprinting of A×B* materials. DNA fingerprinting was used to determine the 

degree of similarity of the IR58025A* plants with the original IR58025 lines. Seven 

markers (LMK, CLRR, RGA, AS2xS3, NLRR, XLRR and Ptokin) were used. On the 

other hand, six markers (NBS, SRILS8, AS2xS3, CLRR, Ptokin and NLRR) were used 

to genotype the IR58025B* lines.  A total of 217 alleles were generated in the 

IR58025A* plants and 151 alleles were generated in the IR58025B* lines.  

Cluster analysis revealed that 56 of the 63 completely sterile A* lines were at 

least 90% genetically similar to the original IR58025 lines. Among the B* lines, 63 of 

the 126 were at least 91% similar to the original IR58025 lines. Subsequent background 

genotyping will be done using simple sequence repeat (SSR) markers spaced 10-20 cM 

across the genome. ��
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Fig. 2. Polyacrylamide gels showing amplification products of markers for Xa4 (top), 

Xa7 (middle) and Rf4  in male sterile A×B* plants (1- positive checks; 2-negative 

checks; 3-14 CS plants). 

DNA fingerprinting of priority B* line selections. Among the BC6F1 IR58025B* 

progenies, three lines that have Xa genes and were morphologically similar to 

IR58025B were considered as priority selections: IR58025B* (B-05), IR58025B* (B-

13), and IR58025B* (B-18). These were found to be at least 76% genetically similar to 

the IR58025B parent as revealed by DNA fingerprinting analysis using 13 RGA and 3 

SRILS markers. These selections were continuously backcrossed to the original 

IR58025 parents to preclude Rf genes, and to eventually obtain near-isogenic lines of 

IR58025A and IR58025B. Moreover, these improved lines were advanced, crossed, and 

evaluated in comparison with the original IR58025A and IR58025B. Likewise, F1

progenies will be tested for their maintaining ability.  

Table 2 shows the phenotype of the selections based on their morphology and 

agronomic traits. These selections were morphologically similar with the recurrent 

IR58025 parents. The traits, i.e., 50% flowering and maturity days were similar to that 

of the recurrent parents. Other traits like leaf length, leaf width, grain length, grain 

width, and vegetative vigor were also comparable. 

Improved maintainer, CMS, and restorer lines of three Mestizo hybrids 

In 2007 DS, the various B* and R* lines were observed to be morphologically 

uniform in the field. These lines will be DNA fingerprinted using SSR markers evenly-

spaced in the genome to determine extent of recovery of recurrent parent genome. In 

preliminary 2007 WS results, 17 B* lines for Mestizo 1 and three B* lines for Mestizo 3

yielded completely sterile A×B* plants based on I2KI staining of pollen. The number of 

completely sterile plants, some of which carry Xa4 and Xa21, ranged from 1 to 25 

among the B* lines. These completely sterile A* lines will be further crossed to B* 

lines to obtain more plants with pyramided Xa genes.  Restorer lines for Mestizo 1, 2,

and 3 with Xa genes were advanced and crossed to their corresponding A lines in 2007 

DS. The A×R* crosses are being evaluated in the field for yield comparison with 

original Mestizo hybrids. Table 3 shows the materials used, crosses done, and number 

of seeds generated per cross combination. More comprehensive data on male sterility 

and yield will be available soon. ��



Table 2. Morpho-agronomic traits of IR58025B* lines compared with the original 

IR58025A and IR58025B lines. 

Character Entry 

IR58025A IR58025B B-05 B-13 B-18 

Flowering (days) 83 82 82 82 90 

Maturity (days) 113 112 112 112 120 

Plant height (cm) 82.2 96.8 88.2 90.0 99.6 

Culm length (cm) 55.4 68.8 66.4 68.8 75.6 

Tiller number 13.8 25.2 11.6 11.2 11.2 

Leaf length (cm) 44.1 37.2 33.4 34.1 37.3 

Leaf width (cm) 1.4 1.3 1.3 1.1 1.3 

Panicle length (cm) 24.7 27.4 23.6 23.7 23.9 

Filled grains  809 731 952 744 

Unfilled grains  540 131 138 303 

Grain length (mm)  10.3 10.8 10.6 10.8 

Grain width (mm)  2.0 2.2 2.0 2.2 

1000 grain weight (g)  13.8 14.6 17.4 15.7 

Vegetative vigor* 3 3 3 3 3 

Phenotypic acceptability* 3 3 1 1 1 

*SES scale: 1=excellent; 3=good; 5=fair; 7= not fair; 9=unacceptable

Table 3. Xa and Rf genotypes of improved parental line selections as of 2007 WS. 

Hybrid Parental Line
a

Xa4 Xa7 Xa21 Rf3 Rf4 

Mestizo 1 IR34686R* + + + + + 

 IR58025B* + - + - - 

 IR58025A* h - h - - 

Mestizo 2 IR62161R* + - + + + 

 IR68888B* + h + - - 

 IR68888A* 0
b

 0 0 0 0 

Mestizo 3 IR60819R* + + - + - 

 IR68897B* + + - - - 

 IR68897B* + - + - - 

 IR68897A* + - h - - 

a

The suffixes R*, B* and A* refer to the hybrid’s improved male parent (the restorer or 

R line),

the improved maintainer or B line of the hybrid’s female parent, and the hybrid’s 

improved female  

parent (CMS or A line) for bacterial blight resistance, with and without Rf genes, 

respectively.

b

no improved progenies generated yet. ��



Discussion 

Promising rice hybrid parental lines improved with Xa genes for resistance to 

bacterial blight were selected in this study. There were B* and R* lines for Mestizo 1, 2,

and 3 that have pyramids of Xa4+Xa7, Xa4+Xa21, and Xa4+Xa7+Xa21. These gene 

combinations are expected to confer a broader spectrum of resistance to diverse 

bacterial blight pathogen population in many Asian countries (Shanti et al. 2001; Leung 

et al. 2004). These genes were selected based on systematic studies that defined the 

spectrum and durability of their resistance (Mew et al., 1992; Bonman et al., 1992; Vera 

Cruz et al., 2000). In this study, the B* and R* lines and the progenies of A×B* crosses 

were morphologically uniform. Based on evaluation in 2007 dry season, the first set of 

A×B* crosses yielded completely sterile plants that only have Xa4. These completely 

sterile plants have been backcrossed to B* lines to recover Xa7 and Xa21. In a second 

set of materials that included parental lines of three Mestizo cultivars, A×B* plants that 

were completely sterile have been observed in a 2007 WS evaluation. Some of these 

plants carry Xa4 and Xa21. These completely sterile plants will likewise be backcrossed 

to B* lines.

In 2008, more advanced generations of B* and R* lines will be compared with 

their original lines in the field. We will produce A×R* plants (i.e., improved F1 hybrids) 

to test for heterotic yields in comparison with standard checks and the original hybrids. 

More A×B* plants will be evaluated for male-sterility and morphological uniformity; 

some of these A×B* plants for testing will have been products of two rounds of crossing 

to B* lines to accumulate Xa genes. The detection of Xa and Rf genes will continue to 

be assayed by their respective markers, disease resistance will be evaluated 

phenotypically, and male sterility will be screened by I2KI staining of pollen. At the end 

of 2008, we aim to be in a better position to release near-isogenic lines of A*, B*, and 

R* that can be evaluated in multilocation trials in the Philippines or other Asian 

countries whenever possible. 

Selections of improved maintainers and restorers developed in this study will be 

useful both in the commercial F1 seed production of Mestizo hybrids, and in hybrid 

breeding programs. In particular, improved IR58025A/B plants are considered valuable 

lines to be able to produce bacterial blight resistant Mestizo 1, the most widely used 

cultivar in the hybrid rice commercialization program in the Philippines. More 

importantly, IR58025A is the female parent of most hybrids released in Asia by both 

public and private sectors. In China, CNRRI is currently developing restorer lines in the 

background of Hui lines with Xa7 and Xa21 (J. Wu, personal communication). For the 

development of two-line hybrids, Perez et al (2008)  introgressed Xa4, Xa7 and Xa21

into thermosensitive genetic male sterile rice. These bacterial blight resistant lines are 

anticipated to create public goods that would have national and international impact in 

hybrid rice production.  
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Abstract 

In this paper, we presented the achievements in selecting parental lines for two-

line hybrid rice breeding for several years in Institute of Agro-Biology, Hanoi University 

of Agriculture:  

1/ Breeding a thermo-sensitive genic male sterile (TGMS) line with the stable critical 

temperature, GA3 efficiency, outside pollen, good yielding in multiplication. Similarly to 

breeding photo-sensitive genic male sterile (PGMS) line, contributing to materials for 

two-line hybrid rice developing. 

2/ Breeding TH3-3 authorized as a natural variety with interesting characteristics such as 

good grain yield, better grain quality, short growth duration and adaptable with the 

annual cropping system of 2 rice seasons plus 1-2 winter crops. The total F1 seeds were 

produced of 1522 tons in past four years. The cultivated areas of some other F1 hybrid 

combinations such as TH3-3, TH5-1 and TH7-2 have been extending in Vietnam. 

3/ Training researchers and technicians in rice breeding and hybrid rice seed production 

for many local institutions and provinces. In addition, the number of reference books and 

papers have been published. These achievements have been contributing for hybrid rice 

research and development in Vietnam. 
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Abstract

Duration time, hybrid rice are popular growing in Vietnam, the   yield was shown at 15-

20% higher than the best semi-dwarf inbred varieties.  The area of hybrid rice is about 

600.000 ha per year and most of hybrid combination is belong to three-line system, using 

cytoplasmic genetic male sterility (CMS) lines. Recently, some TGMS lines and two-

lines hybrid rice are released in Vietnam, but they have some problems. The plant brown 

hoper, leaf blight and stability of two line hybrid rice are main reason affected to area of 

hybrid rice in hot season. For breeding stable TGMS line we have to map new tms genes 

by molecular marker and used it to pyramid some tms genes on one line.  

The objective of developing hybrids in rice is not only to increase the yield but also to 

improve several other desirable traits, such as resistance to several biotic and a biotic 

stress and grain quality traits which make them stable in unfavorable environments. 

Genetic improvement of these traits is the function of parental lines involved in hybrid 

combination. In order to achieve this, it is required to develop the TGMS lines in 

different genetic backgrounds and via marker-assisted selection to pyramiding several 

genes in one genetic background which will be suitable for developing the commercial 

two-line hybrids.  

In this paper we give some new information about achievement of National Agricultural 

Genetic Institute of Vietnam. 
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Abstract 

Breeding hybrid rice has been carried out at the Food Crops Research Institute 

since 1990s. In this report, some results of breeding two-line hybrid rice have been 

introduced. 

 The research has focused on breeding a two-line hybrid rice system. As a result, 

many thermo sensitive genis male sterility (TGMS) lines suitable with the conditions 

in Vietnam have been formed through introducing, crossing and combining with other 

cultures and mutations… Estimations of general combination abilities, pollinated- 

crossing abilities, resistance to pests and diseases, tolerance to conditional stress, 

protocols of producing hybrid seed and multiplying TGMS lines have been done as 

well. Some promising combinations have been recognized and tested. Some of them 

have been registered temporary or released. 

Key Words: TGMS (thermo sensitive genus male sterility), two-line hybrid rice. 

1.Introduction 

Although Vietnam ranks as second in the world for rice export, food security is 

their first priority. Using hybrid rice is one of the strategies to reach that goal. Areas 

of hybrid rice reached 600 thousand hectares in 2006. Hybrid rice has been grown 

everywhere. The yields of hybrid rice have always been 10-25% higher than those of 

conventional varieties, so farmers like to grow hybrid rice very much. However, to 

enlarge areas of hybrid rice to 1 million hectares in 2010 as planned, the Ministry of 

Agriculture and Rural Development has had to be constrained, because most hybrid 

rice seed has been to imported.  Self producing hybrid rice seed, therefore, has been 

an urgent issue. Breeding hybrid rice has been carried out at Food Crops Research 

Institute recently. We would like to introduce some results of breeding two- line 

hybrid rice. 

 

 

2. Main results 

2.1. Breeding thermo sensitive genic male sterility (TGMS) lines 

Ten TGMS lines (TGMS1... TGMS10, TGMS -H1 ... TGMS-H28) were bred from 

introduced TGMS lines by crossing combined lines with other culture and pure line 

selection by pedigree method. All the lines were stable sterile in the late crop and fertile 

in the early crop in the Red River Delta. The lines differed from each other in many ��



characteristics (Table 1). The lines have been conserved and test crossed to identify 

promising combinations. 

 

Table 1: Main characteristics of some promising TGMS lines  

Line Growth 

duration 

in the late 

crop  

(day) 

Height 

 

 

(cm) 

Plant 

shape 

Color of 

style 

Angle of 

flag leave 

Rate of seed 

setting 

during 

fertility 

induction  

(%) 

TGMS1 100 95 Straight White 12-15
o

 25-35 

TGMS2 95 82 V Purple 30-35
o

 30-35 

TGMS3 90 75 Straight Purple 40-45
o

 25-30 

TGMS4 92 86 V White 30-35
o

 25-30 

TGMS5 120 114 Straight White 15-20
o

 45-50 

TGMS6 115 105 V White 30-35
o

 40-45 

TGMS7 95 85 V White 25-30
o

 55-60 

TGMS- H16 115 85 V Purple 45-50
o

 50-55 

TGMG-H20 118 90 Straight White 30-35
o

 65-70 

 

Some better TGMS lines were modified by using the method of treating the dry seed of 

TGMS1, TGMS-H20, TGMS5 lines with Co 60 (40Krad). The new lines were shorter in 

growth duration and shape than the old ones. Subsequently they have more advantages 

for hybrid seed production. The results of the use of those lines will be summarized in the 

next reports. 

 

2.2. Test of critical temperatures for sterility induction of TGMS lines 

To use the TGMS lines effectively, temperature thresholds at which the TGMS lines were 

sterile are tested. The temperature threshold here is 24
0

C. TGMS lines having critical 

temperature for sterility induction over 24
0

C are discarded. TGMS lines having critical 

temperature for sterility induction below 23.5
0

C are bred.  

 

The results also showed that when the rice was treated at temperatures of less than 24
o

C 

in natural light, the TGMS lines were fertile at low rate. When the lines were treated at 

temperatures of less than 24
o

C with a lighting duration of 10 hours, the TGMS were 

fertile at a much higher rate than that of the control (Table 2). This proved that except for 

temperature, lighting duration had a remarkable impact on the fertility rate of the TGMS 

lines in the experiment. This result helped researchers choose suitable sowing times to get  

high yield when multiplying TGMS lines. 

Table 2: Seed setting rates of treated TGMS lines. 

Treatment TGMS1 

(%) 

TGMS-H20 

(%) 

MS6-1 

(%) 

MS6-2 

(%) 

Treatment 1 78,5 a 69,7 a 48,3 a 54,8 a 

Treatment 2 1,8 b 0,86 b 0,49 b 1,21 b 

Control 0,01 c 0,02 c 0,04 c 0,03 c ��



Note:

- Treatment 1:  - 7 - 12 h 24oC  Average temperature of 23,25
o

C   

             - 12 - 17h 26
o

 C  Duration of lighting 10h 

             - 17- 7 h 22oC 

- Treatment 2:  - 7 - 12 h 24oC  Average temperature 23,25
o

C   

             - 12 - 17h 26
o

 C  Duration of lighting: natural 

             - 17- 7 h 22oC 

- Treatment 3 (control): At normal temperature and natural light 

 

2.3. Sowing time of multiplied TGMS lines in the Delta of the North 

 

In general, sowing the TGMS lines before 15 December so that they could bloom 

before 15 April was the best option (Table 3). 

 

Table 3: Yield of TGMS lines at different sowing times (t/ha) 

 

Sowing time TGMS1 TGMS5 TGMS – H20 

Nov. 15 1,86 c 1,16 c 0,94 c 

Nov. 25 3,16 a 3,21a 1,93 b 

Dec. 15 2,47 b 2,85b 3,68 a 

Jan. 5 0,89 d 0,67d 0,49 d 

 

When multiplying TGMS lines in the late crop, we should sow seeds from August 1 to 

August 5. The yield of TGMS lines multiplying in late crop, however, was considerably 

dependent on the winter weather of each year. Multiplying TGMS lines in late crop was 

difficult because of the seasonal wind from the North East together with a long last light 

rain fall which delayed the ripening process. 

 

2.4. Combining ability of TGMS lines 

 

TGMS1 had the highest combining ability. Most of the combinations which have 

TGMS1 gave good heterosis. Some combinations reached the yield of 16 ton/ha per crop; 

and growth durations of the hybrid lines were shorter than that of parents. Growth 

durations of the hybrid lines depended remarkably on pollen parent lines. When selecting 

father lines, therefore, we should choose lines with a growth duration equal or less than 

that of TGMS lines. 

 

2.5. Out Crossing ability 

Lines TGMS-H20, TGMS-H8, TGMS- H16, TGMS1 had a high ability of cross-

pollination; the rates reached 25-74% dependent on the lines. Some research initially 

showed that it can transfer high out-crossing genes into other lines using traditional 

crossing. By this route, several new TGMS lines with a high ability of cross-pollination 

were bred. Rates of out-crossing could reach 68-75% at some combinations. Those lines 

have been test-crossed. Aside from this, selecting individuals with a high ability of cross-��



pollination at early generations gave good results. In this way, some new TGMS lines 

were subdivided from TGMS1. Those lines had out-crossing rates of 61-79%. 

 

2.6. Resistance to main pests and diseases 

 

In general, new TGMS lines were not resistant to Nilaparvata lugens, Xanthomonas Oryzea,

Rhizoctonia solani. If applying positive cultural practices, however, pests and diseases can 

be reduced, especially Xanthomonas Oryzea. We have been using back crossing to obtain 

lines resistant to Xanthomonas Oryzea.

 

2.7 Criteria of pollen parent lines 

 

The research showed that if we wanted F1 hybrid to have long and narrow seeds, we had 

to choose father lines with long and narrow seeds. If we wanted F1 hybrids to have high 

yield, we had to choose father lines with rather round seeds, P1000 seeds ≥ 27g. Plant 

height of pollen parent lines was not necessary to higher than that of TGMS lines. 

Growth duration of pollen parent lines should not be longer than 115 days…  

Based on the criteria, hundreds of pollen parent lines were bred. Among them, there were 

some lines of Indica /Japonica. 

 

 

2.8. Test crosses and F1 hybrid evaluation in trial sites 

Since 2001 to 2006, 5621 crossing combinations have been made. Several 

promising combinations have been recognized. Among that, heterosis of six crossing 

combinations (LHD3, LHD4, LHD5, LHD6, LHD7, and LHD9) were equal to or higher 

than that of the control. Two crossing combinations LHD4, LHD5 were at trials and had 

promising results in some ecological regions. Other combinations would be at trials in 

near future.  

 

2.9. Hybrid seed production 

 

Gross effectively accumulative temperature and total number of leaves on main stems of 

parent lines were defined. Sowing time of the parent lines of six crossing combinations, 

therefore, was defined. In the late crop, parent lines could be sown from June 10 through 

June 20. Flowering time could be September 3 through September 10 depending on each 

combination. This time was suitable for flowering, blooming and sterility of 100% of 

TGMS lines in specific conditions of the Delta of the North. In general, we should 

transplant 2-3 seedlings/hill for the TGMS line and 1 seedling/hill for the pollen parent. 

Applying good cultural practices to pollen parent lines was a critical requirement for 

obtaining high yields of hybrid seeds. 

- Ratio between two parents could be 1 row of father: 5 rows of mother or 1 row of 

father: 6 rows of mother depending on each couple of parents. 

- Amount of GA3 applied on each line differed from each other. Line TGMS1 needed 

150 g/ha; line TGMS- H20 needed100 g/ha. The best time for spaying GA3 was in early 

morning; and the first time spraying happened at  5-7% of flowering. ��



- Besides this, applying GA3 one more time after complete flowering with an 

amount of 400l/ha and a concentration of 8-10 ppm together with spraying leaf 

fertilizers could increase yields of seed up to 10%. 

Yield of seed production is 2.8- 4.1 t/ha depending on given combinations. 

2.10. Results at trials 

 

Combinations LHD4 and LHD5 were grown in trials of different ecological regions. 

Those crossing combinations had growth duration of 95-100 days in late crop and 130-

140 days in early crop; and average yields of 6.6-8.8 ton/ha. 

2.11. Intensive cultivation of hybrid rice 

 

Intensive cultivation of hybrid rice has been researched. Initial results showed that 

applying a balance of fertilizers combined with organic manure was essential in intensive 

cultivation of hybrid rice. Transplanting at seedling age of 3-3.5 leaves, density of 30-40 

seedling/m
2

, controlling to obtain rate of effective tillers of 75-80%, we could obtain 

yields of 8-10 ton/ha. Using fertilizers with micro-elements (ZnSO
4
) and, SiSO

4
, plant 

growth regulations such as GA3 after flowering was essential to obtain high yield. 

 

3. Conclusions 

- Ten stable TGMS lines were bred. Among them, TGMS1, TGMS5 and TGMS-H20 

were promising lines and suitable for hybrid seed production. 

- Combinations: LHD4, LHD5, LHD6, LHD7 and LHD9 were promising combinations. 

Those combinations were grown at trials and testing production. 

- We were masters of protocol with selecting and multiplying TGMS lines, and producing 

the hybrid rice seed. 
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Abstract 

The study was conducted using TGMS 103
S

, T1
S

-96, and 135
S

 to determine a system 

for F
1
 seed production in Vietnam. It was found that the best seasons for F

1
 seed 

production spanned from the middle of June to the middle of October in the Red River 

Delta and northern region, from the beginning. February to the end of May in the south - 

central region (Quangnam, Danang provinces), and from the beginning of October to 

January in the Mekong River Delta. 

Among the three regions, the Mekong River Delta with high temperatures throughout 

the year, a larger area, and farmers with high technical skill, is expected to be the best 

region for the production of F1 seeds from the TGMS line. At present, the northern 

region of Vietnam is the largest area producing F
1
 hybrid seed, but it is difficult to 

expand within this region due to the limited land of the farmers. The difficulty of F
1

seed production in the south - central region is that cold weather occasionally arrives, 

causing the self – pollination off TGMS seeds during F
1
 seed production.

1. Introduction 

Currently, F
1
 seed production in the two - line hybrid rice system uses TGMS 

lines such as 103
S

, T1
S

-96, and 135
S

. Based on climate and ecological character, the 

latitude range from 8
0

-24
0

 in Vietnam is divided into three main regions for hybrid rice 

seed production. 

North Midland region: F
1
 seed production season from mid-June to mid-October. 

Central region (Quean Nam and Da Nang provinces): F
1
 seed production season 

from February to May 20th. 

Mekong River Delta (Soc Trang province): F
1
 seed production season from 

October to June of the following year. 

Of the three regions of rice production named above, the Mekong River Delta 

has suitable climate and temperature conditions and enough rice land area and farmer 

skill to become the most important area for the expansion of F
1
 seed production in 

Vietnam in the near future. Although F
1
 seed production presently has its largest area in 

the North Midland region, the region is affected by the small area of rice production per 

household. This fact limits the potential for expansion in the near future. The Central 

region is usually affected by typhoons as well as unusual temperature fluctuations, 

which leads to the fertility phenomenon of TGMS in F
1
 hybrid seed production.��



Key Words: Thermo-sensitive Genetic Male Sterility (TGMS), two-line hybrid 

rice. 

 

2. Materials and Methods 

2.1. Materials.

Female lines: TGMS-103s, TGMS-135s, T1s-96. 

Restore lines: R20, R24, R1. 

2.2. Methods

The F
1
 hybrid seed production system was evaluated according to the method of the Ho 

Nam Hybrid Rice Research Center in China. 

3. Results 

3.1 Production and cultivation situation of hybrid rice varieties in Vietnam. 

Vietnam applied and cultivated hybrid rice starting from 1990 by importing hybrid rice 

seed from China. Hybrid rice seed has been produced in Vietnam since 1998. The grain 

yield and output of F
1
 hybrid rice seed are shown in Table . 

 

Table 1. Output of F1 seed/year 

Domestic F1 hybrid rice seed production from 1998 to 2005 (tons) 

Year 

Total 

Domestic F1 hybrid rice seed 

production 
Area (ha) 

Output (tons) Yield (tons) %

1998 4,106 750 18.27 1,942

1999 8,157 773 9.48 3,572

2000 10,482 1,426 10.58 4,763

2001 11,660 2,400 20.58 5,624

2002 12,682 3,840 30.28 6,608

2003 12,113 3,485 28.77 6,239

2004 14,392 3,225 22.41 7,046

2005 13,594 - - 5,437

Total 88,186 15,899 20.8 41,231

10,000 tons of hybrid rice seed will be produced in the next year in the Mekong River

Delta, with an area of 4,000 ha. 

To meet the demand for hybrid rice seed of about 15,000 tons every year, the research 

and construction of a large area for hybrid rice seed production  needs to be promoted. 

Data concerning the climate, temperature and environment of locations for hybrid rice 

seed production are shown in Figs. 1-6. 

3.2. Variation in temperature and rainfall of locations for hybrid rice seed production. 

* Temperature and rainfall variation in the Ha Noi region. ��



Fig. 1. Temperature variation in Ha Noi.  

 

Fig. 2. Rainfall variation in Ha Noi.  

The temperature data show that TGMS 103s, TGMS 135s, T1s-96 need for their 

booting stage (steps 4-6) to start at the end of August or the beginning of September for 

the complete sterility of the female lines and to receive pollen from September 10-27. 

 The rainfall data for Ha Noi show low rainfall in September and October, which 

is good for outcrossing with high yields in F
1
 seed production.

* Temperature and rainfall variation in Central Vietnam (Quang Nam province) ��



Fig. 3. Temperature variation in Quang Nam  

For F
1
 seed production, female lines will reach the booting stage (steps 4-6) at the end 

of March or the beginning of April and begin flowering on April 20. 

 

Fig 4. Rainfall variation in Quang Nam. 

 

Female lines should not flower late in Quang Nam because this location is 

affected by a strong, dry wind from Laos, leading to a low grain yield in F1 seed 

production.

* Temperature and rainfall variation in the Mekong River Delta region. 

 

 ��



Fig. 5. Temperature variation in Soc Trang province 

 

 

Fig. 6. Rainfall variation in Soc Trang province.

In Soc Trang province, located in the Mekong River Delta, the booting stage of the 

female lines (steps 4-6) should take place in November to ensure the complete sterility 

of the female lines for F
1
 seed production. 

The results show that the second season of F
1
 seed production should be conducted from 

January to harvest in May. TGMS lines demonstrate sterile stability in this season. 

 

 

 

 

 ��



3.3. Characteristics of TGMS lines. 

Table 2. Biological characteristics of TGMS lines.

TT Characteristic 103S 135S T1S-96 

1

 Temperature threshold for sterility of 

female lines  (
0
C)

≥25 ≥25 ≥25

2

Temperature threshold for fertility of female 

lines (
0
C)

≤23 ≤23.5 ≤23

3 Sterility stage: Growth duration (days) 100 99-100 100

4 Sterility time from sowing to flowering (days) 69-72 78-80 85

5 Plant height (cm) 87.1 96.0 95

6 Produced tills 5.5 4.3 4.2

7 Total number of leaves 14.9 14.3 15.5

8 Flowering time 8-9 h 9.5 h 8.5 h 

9 Outcrossing rate (%) 80 74.3 73.6

10 Flowers per panicle 215.2 239.5 200.4

11 Combination ability of female lines     good good good

12 1000-grain weight (g) 23.5 22.0 223

13  Influence of GA3 on fertility (%) 88-90 87.8 88

 The female lines have a short day duration, low temperature ability with promise 

of a high grain yield, good combination ability, especially under the positive influence 

of GA3, and the promotion of high outcrossing ability leading to a high grain yield in 

F1 seed production. 

3.4. F
1
 seed production season in different ecological regions of Vietnam. 

* F
1
 seed production season in the Red River Delta 

Table 3. Production season in the Red River Delta. 

Location  Line  

Flowering 

(days)

Sowing date 

Flowering 

date 

 Yield 

(tons/ha)

Production season

in the Red River 

Delta

103S 82 June 12 September 4 2.8

R20 76

Male 1: June 20

Male 2: June 23

September 6 

September 9 

R24 74 June 22 September 6 

T1S-96 84 June 12 September 7 2.8

R3 76 June 4 September 9 

Mode of production: Transplantation of the male and female lines 

For the special characteristics of this region, sowing will be conducted in June. 

Flowering will last from September 10-25, which will lead to high yielding because of 

the suitable climate. If sowing were conducted earlier than usual, the flowering stage of ��



the male and female lines would be influenced by heavy rain, whereas if the sowing 

were late, the flowering would be affected by insects and disease. For this reason, 

sowing will be conducted at the appropriate time to guarantee a high grain yield. 

* Production season in central Vietnam (Quang Nam province) 

Table 4. Production season in Central Vietnam.

Season  Line  

Flowering  

(days)

Sowing date  

Flowering 

date 

Sterility 

(%)

Yield  

(tons/ha)

Spring

103S 67

1
st

 season February 2

2
nd

 season February 9

April 12 

April 16 

96-98

100

2,8

R20 88

1
st

 season 

Male 1: January 7

Male 2: January10 

2
nd

 season 

Male 1: January 11 

Male 2: January 14 

April 12 

T1S-96 85 May 2 April 12 96-98 2,8

R3 85

Male 1: January 15 

Male 2: January 18 

April 12 

Mode of production: Transplantation for male lines and sowing for female lines 

As F
1
 seed production in Quang Nam must be conducted at the right time, flowering 

time will start at the beginning of April and will finish on May 5. If sowing were 

conducted earlier than usual, the female lines would become fertile because of the cool 

wind coming in from the North. If the sowing were conducted too late, the female lines 

would be influenced by the dry wind from Laos. This is another reason for which the 

area of F1 seed production in this region is limited. 

* F
1
 seed production in the Mekong River Delta (Soc Trang). 

Table 5. Production season in the Mekong River Delta.

Location and 

Season 

Line 

Flowering 

(days) 

Sowing date 

Flowering 

date 

Yield 

(tons/ha) 

Winter-Spring

season in Soc 

Trang

103S 62 November 13 January 14 2.7

R20 84

Male 1: October 26 

Male 2: October 29 

January 15 

January 16 

2.5

103S 62 October 23 December 24 2.7

R24 80

Male 1: October 3 

Male 2: October 5 

December 26 

December 28 

2.5

Mode of production: Transplantation for male lines and sowing for female lines 

The Mekong River Delta in southern Vietnam is the biggest delta in Vietnam. Three 

crops of rice per year can be cultivated, especially in the winter-spring season, with its 

high temperatures and suitable climate for F
1
 seed production. The data showed that 

cultivation can reach 350-400 panicles per square meter, and with highly productive 

tiller, grain yield can reach 3-4 tons per ha of hybrid rice seed production. ��



Farmers depend mainly on rice cultivation for income, and rice cultivation in the 

Mekong River Delta is the production of a commodity. It is a suitable target site for the 

expansion of the hybrid rice cultivation area. The Mekong River Delta has become a 

strategic region for hybrid rice seed production in Vietnam.   

4. Conclusion. 

+ Hybrid rice seed production will be conducted continuously in the Red River Delta in 

the autumn-winter season. 

+ Strategic investment in and construction of hybrid rice seed production areas in the 

Mekong River Delta will be conducted. 
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Abstract

Double cropping of rice has traditionally been practiced in the northern part of 

Vietnam.  Recently, because of the introduction of the hybrid rice into the region, the 

growing period of rice has been shortened and the winter period after the double 

cropping of rice has been lengthened.  As a result, cultivation of various kinds of 

horticultural crops in hybrid rice fields is now possible during the winter period. As 

profitability of horticultural products is generally high for farmers, it is indispensable to 

cultivate the horticultural crops which are suitable for the Vietnamese markets and the 

climates in the northern part of Vietnam. For the first step to select the suitable 

horticultural crops for the winter period and to identify problems with the cultivation of 

the horticultural crops, a tour of inspection was performed in the suburbs of Hanoi, i.e., 

Bac Ninh city, Ha Nam province, and Hai Duong province.  The main horticultural 

crops cultivated during the winter period are potato, sweet potato, shallot, garlic, 

cabbage, broccoli, cauliflower, kohlrabi and kidney beans. According to the 

explanations from the leaders of many local farm villages, profitability of the 

horticultural products seems to be very high which has confirmed the importance of the 

cultivation of horticultural crops. Many of the cultivated horticultural crops were F1

cultivars introduced from the foreign countries, e. x., China, Germany, Japan, the United 

States etc. These has been concern that the indigenous cultivars in Vietnam will 

disappear. Further, the foreign cultivars cultivated there are not always suitable for the 

Vietnamese climate.  We are extremely impressed that the people in the Vietnamese 

farming villages are very active and the proportion of young generations is very high 

which is unlike Japanese farming villages. Therefore, it seems promising that the life of 

the farmers in the Vietnamese farming villages will improve with successful and  

suitable modifications of their cultivation systems. 

Key Words: Hybrid rice, northern part of Vietnam, horticultural crops, winter, Hanoi  

Introduction 

Double cropping of rice has traditionally been practiced in the northern part of 

Vietnam (Fig. 1).  Recently, the introduction of the hybrid rice has made it possible to 

shorten the growing duration so that the winter period after the double cropping of rice  

has increased in length.  As a result, the cultivation of various kinds of horticultural 

crops in the fields of hybrid rice was enabled in the winter period after rice cropping. As 

profitability of horticultural products is generally high for farmers, it is indispensable to ��



cultivate the horticultural crops which are suitable for the Vietnamese markets and the 

climates in the northern part of Vietnam. 

For the first step to select the suitable horticultural crops for the winter period and 

to identify problems with the cultivation of the horticultural crops, a tour of inspection 

was performed in the suburbs of Hanoi, i.e., Bac Ninh city, Ha Nam province, and Hai 

Duong province.   

Fig. 1. The duration of double cropping of rice (I and II) and winter  

cropping (vegetables etc.) in the northern part of Vietnam 

Materials and Methods 

A tour of inspection was performed in the northern part of Vietnam, mainly in the 

suburbs of Hanoi, mainly in, Bac Ninh city, Ha Nam province and Hai Duong province 

from the 21st to the 29th of December in 2006 (Fig. 2). Interviews of the leaders of 

cooperatives and the researchers of provincial agricultural extension centers were 

performed.

Fig. 2. Places visited during a tour of inspection 
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Results and Discussion 

1. Bac Ninh 

We visited three cooperatives, Nguyet Cau, Duc Lan and Dong Mai, in Bac Ninh.  

There are 33 ha of farmland with 167 households in the Nguyet Cau cooperative. In 

this area,  winter vegetable cultivation is performed after the double cropping of rice.  

Their main winter crops are potato, tomato, shallot, garlic and sweet potato. Potato 

especially is the most important winter crop (Table 1). 

Table 1. Cultivation area and profit of the winter crops in the Nguyet Cau cooperative 

Crop Cultivation area (ha) Unit price (Kg) 

Potato 6 6,000 VND 

Tomato 2 5,000 VND 

Shallot, garlic 

(Intercropping)

1 1,500 VND 

Sweet potato 2 6,000 VND 

The winter vegetable cultivation is done after the double cropping of rice 

In the Duc Lan cooperative, there are 63 ha of farmland with 200 households. In 

this area,  winter vegetable cultivation is also performed after the double cropping of 

rice. Potato is the most important as winter crop in this region as well. The leader of the 

Duc Lan cooperative has planned to double the area of potato production, because of the 

higher profitability of potatoes. It has been said that sticky rice for vodka is also 

produced in this area. 

In the Dong Mai cooperative, there are 100 ha of farmland with 400 households.  

In this area,  winter vegetable cultivation is also performed after the double cropping 

of rice.  Shallot, garlic, lettuce and kohlrabi are important as winter crops (Fig. 3). In a 

total 100 ha of cultivation area, only 49 ha are used for the double cropping of rice, 29 

ha are used for the double cropping of rice with single cropping of vegetable and 22 ha 

are used for the single cropping of rice with triple cropping of vegetables (Table 2). A 

combination of vegetable cultivation and to rice cultivation has increased the turnout 

dramatically. This may indicate that vegetable cropping all year around contributes to 

the higher income of farmers, however, rice cropping is indispensable for the cultivation 

of cropping vegetables since the flooding of paddy fields with water during rice 

cropping has a sterilizing effect against pathogens of vegetable diseases.   

Table 2. Cultivation area and production of the winter crops in the Dong  

Mai cooperative in Bac Ninh 

Crop system Cultivation area (ha) Production 

Rice-Rice 49 10 million VND /ha 

Rice-Rice-Vegetable 29 37 million VND /ha 

*Rice �Veg. 1 �Veg. 2 �Veg. 3 22 80 million VND /ha 

* Ex. Vegetable 1 (mustard; Sep.-Oct.), vegtable 2 (tomato; Oct.-Feb.) and  

vegtable 3 (melon; Feb.-May) ��



Fig. 3.  Examples of winter crops, kohlrabi and shallot with intercropping  

in the Dong Mai cooperative in Bac Ninh 

2. Ha Nam  

We visited the provincial agricultural extension center in Ha Nam province. 

This area is the Red River Delta which is known as the number one rice producer in the 

northern part of Vietnam.  In this area, there are 30,000 ha of farmland with 20,000 ha  

of the farmland as a rice production area. 

In this province,  farmers show a positive attitude to F1 rice cultivation.  They 

perform double cropping of rice (spring rice and summer rice) and crop soybean, tomato, 

kohlrabi, cabbage etc. after rice production. 

3. Hai Duong 

We visited two cooperatives, Giaxuyen and An Phu, in Hai Duong.   

In the Giaxuyen cooperative, there are 286 ha of farmland with 2,223 households. 

Cultivation area and production of the winter crops in this cooperative are shown in 

Table 3.  The main winter crops there are cauliflower, broccoli, kohlrabi, potato etc. 

Combining vegetable cultivation with rice cultivation increases the turnout dramatically 

Table 3.  Cultivation area and Production of the winter crops in the Giaxuyen 

cooperative in Hai Duong 

Crop system Cultivation area (ha) Production/year 

Rice-Watermelon-Cabbage-Winter 

veg. (Feb.-May-Aug.-Oct.) 

258.0 87 million VND 

Rice-Rice -Winter veg.(cabbage) 22.0 50-55 million VND 

Rice-Rice (Few) 17 million VND  

Cabbage-Cabbage-Cabbage (Few) 60 million VND  

Peach (ornamental) 13.5 130-150 million VND ��



The winter vegetables are cauliflower, broccoli, kohlrabi, potato etc.  

in this region as well.  However, according to an interview of the leader of the 

Giaxuyen cooperative, vegetable cultivation is highly labor intensive and this becomes a 

limiting factor for vegetable cultivation. 

In the An Phu cooperative, there are 6,500 ha of farmland with 3,000 households.  

This area is the biggest production center for shallot.  Shallot production is performed 

in a 3,000 ha field.  Dried shallot bulbs and leaves are also produced for use as a spice 

or condiment for instant noodle for exported to Taiwan, Japan etc. 

Table 4. Main winter crops cultivated in the suburbs of Hanoi 

Crop Crop 

Potato Cabbage 

Tomato Broccoli 

Sweet potato Cauliflower 

Shallot Kohlrabi 

Garlic  Kidney beans 

White radish  

The main horticultural crops cultivated in winter season are potato, sweet potato, 

shallot, garlic, cabbage, broccoli, cauliflower, kohlrabi and kidney beans (Table 4). 

According to the explanations from the leaders of the local farm villages,  profitability 

of the horticultural products seemed to be very high which confirms the importance of 

the cultivation of horticultural crops. Many cultivated horticultural crops were F1

cultivars introduced from foreign countries, ex., China, Germany, Japan, the United 

States etc. There is a concern that the indigenous cultivars in Vietnam will disappear as 

described previously (Fadda & Nguyen, 2006). Furthermore, foreign cultivars cultivated 

there are not always suitable for a Vietnamese climate.  Research about Vietnamese 

winter crops, such as, vegetables, has not been performed as much to date (Pham et al., 

2006a; b).  It should be urgent business to create cultivars which are suitable for a 

Vietnamese climate.  

We are extremely impressed that people in the Vietnamese farm villages are very 

active and the proportion of young generations are very high which unlike Japanese 

farm villages. Therefore, it seems that the life of the farmers in the Vietnamese farming 

villages should improve with successful and suitable modifications of the cultivation 

systems.
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Abstract

     Hybrid rice has been planted as pilots since 1991, demonstrating the heterotic on 

potential yielding, intensive farming and disease resistance. Hybrid rice areas rapidly 

increased from 59 hectares in 1991, to 584,200 hectares in 2006. The record of the 

cultivated hybrid rice area reached 600,000 hectares in 2003. The hybrid rice has been 

adopted in northern and central Vietnam. The average yield is 6.0-6.5 tons/ha, 15-20% 

higher than conventional varieties. The main combinations include Bo you 903, Bo you 

64, Shan you 99, II you 63, II you 838, D you 527, TH3-3, VL20, and HYT 83. The 

total invested budget for the extension programs on hybrid rice was around 14 billion 

dongs (equally to USD 900,000) between 1991 and 2006.

     At the same time, F1 seed production was mainly focused on since 1994. Hybrid 

seed area increased from 285 hectares in 1994, to 1,285 hectares in 2006. Combinations 

were Bo you 64, Bo you 903, II you 838, Shan you 63, TH3-3, and VL20. The average 

yield was around 2 tons/ha and it was recorded at 3.5-4.0 tons/ha in Namdinh province. 

The annual F1 seed production was 3,500-4,000 tons. It provided 20-25% of the total 

demand for hybrid seed. The government invested 46 billion dongs (equally to USD 3.5 

million) for F1 seed production through extension activities between 1994 and 2007. F1 

seed production areas were established in Namdinh, Laocai, Thanhhoa, Quangnam and 

Daklac provinces.  

Key Words:  Hybrid rice, heterotic, disease resistant, intensive farming, F1 seed, 

combination, extension program. 

Introduction

     China was the first country to commercially produce hybrid rice in 1964. Hybrid rice 

was developed by Yuan Long Ping, having about a 30 percent yield advantage over 

conventional pure line varieties (Yuan, 1999). Outside China, 16 countries and two 

international research institutes are endeavoring in the development of hybrid rice 

technology. The technology is providing to be a key factor in increasing production and 

contributing to food security (Dat, 1998).

     Hybrid rice development was initiated in the 1990s. Since the climatic and ecological 

conditions in the northern Vietnam are quite similar to those in southern China, hybrid 

rice from China can easily penetrate Vietnam (An, 1998). Farmers in the northern ��



provinces have grown hybrid rice with a yield increase of the 1.5-2.0 tons/ha compared 

to the local varieties (MARD, 1996). Based on the testing phase, the Ministry of 

Agriculture and Rural Development officially initiated hybrid rice research and 

extension activities in Northern Vietnam in 1992. Hybrid rice significantly contributed 

to the agricultural sector. At one time, Vietnam which was a country deficient in food, it 

could provide sufficient food for a population of 76 million, ensure food reserves, and 

export on average 1.7-2.0 million tons of rice annually during the 1989-1996 period.  

Extension programs on hybrid rice development 

 The commercial cultivation of hybrid rice 

The areas: the total planted area of hybrid rice during the 1992-2006 period was 4.7 

million hectares (DoP, 2006). The average areas of hybrid rice planted annually was 

around 60,000 hectares (1992-1996), 200,000 hectares (1997-2000) and 550,000 

hectares (2001-2006) (DoP, 2006; Hoan 2002) (Table 1). Hybrid rice is planted in both 

spring and summer seasons, of which 60% of the total area of hybrid rice is planted in 

the spring season. The adopted ecological regional areas of hybrid rice are located in the 

north, central and highlands of Vietnam.   

     The yield and production: Hybrid rice yielded 6.5 to 8.5 tones/ha, which was 18-21 

percent higher than the conventional inbred varieties (Hoan, 2001; Nguyen et al, 1994; 

Nhu, 1999; Yuan 1999; An, 2002) (Table 1). The highest recorded yield from a single 

crop was 14 tones/ha in the north (Nhu, 1999; Yuan, 1999). Hybrid rice produced an 

additional 6 million tones of paddy during the 1992-2005 period, bring an addition of 

more than 12,000 billion dongs (DoP, 2006).

Table 1. Area and yield of hybrid rice production 

Year Total Spring season Summer season 

Area 

(ha)

Yield

(ton/ha) 

Area 

(ha)

Yield

(ton/ha)

Area 

(ha)

Yield

(ton/ha) 

1992 11,094.00 5.77 1,156.00 7.20 9,938.00 6.10

1993 34,648.00 6.75 17,025.00 7.02 17,623.00 6.50

1994 60,077.00 5.84 45,430.00 6.26 14,647.00 4.54

1995 73,503.00 6.14 39,598.00 6.35 33,905.00 5.91

1996 127,743.00 5.85 60,416.00 6.71 67,327.00 5.07

1997 187,802.00 6.38 110,802.00 6.56 77,000.00 6.14

1998 200,000.00 6.54 120,000.00 6.70 80,000.00 6.30

1999 233,000.00 6.47 127,000.00 6.50 106,000.00 6.43

2000 435,508.00 6.44 227,615.00 6.50 207,000.00 6.37

2001 480,000.00 6.48 300,000.00 6.60 180,000.00 6.30

2002 500,000.00 6.36 300,000.00 6.50 200,000.00 6.00

2003 600,000.00 6.26 350,000.00 6.45 250,000.00 6.00

2004 577,000.00 6.35 350,000.00 6.45 227,000.00 6.20

2005 588,000.00 6.50 353,000.00 6.50 235,000.00 5.56

2006 584,200.00 6.32 346,000.00 6.50 238,200.00 6.15

Total 4,692,575.00 6.37 2,748,042.00 6.51 1,943,640.00 6.05

Source: DAFE, 1997; Department of Plant, 2006 ��



The extension programs on commercial cultivation of hybrid rice  

 The extension programs on hybrid rice were established in 1994, with an area of 

59 hectares and the invested budget of 70 million dongs. Hybrid rice demonstrated a 

high potential yield and high resistance to diseases (MARD, 2005). The results obtained 

in the last 14 years are: 

     The areas: The hybrid rice was planted in the extension demonstrations with the total 

of 6,000 hectares (MARD, 2005). The purposes of the demonstration are (1) to 

introduce the new combinations of hybrid rice, (2) to guide farmers in properly applying 

technical issues and to spread information about hybrid rice technologies. The total 

budget for the demonstration activities was 14 billion dong (Table 2).  

Table 2. Extension budget for hybrid rice production 

Year Hybrid rice production (million 

dong) 

Hybrid rice seed production (million 

dong) 

1994 71.0 1,424.0

1995 193.0 604.0

1996 543.0 1,745.0

1997 534.0 2,644.0

1998 610.0 1,934.0

1999 462.0 2,697.0

2000 578.0 3,330.0

2001 1,056.0 4,245.0

2002 1,232.0 5,422.0

2003 2,120.0 5,883.0

2004 2,718.0 4,922.0

2005 1,668.0 4,104.0

2006 2,051.0 7,586.0

 13,836.0 46,540.0

Source: National Agricultural Extension Center, 2006 

      The yield: The averages yield of hybrid rice in the demonstrations was 6.5-7.0 

tones/ha, 0.5 tones/ha and 1.0-1.5 tones/ha higher than the large scale of commercially 

cultivated hybrid rice and conventional varieties, respectively (MARD, 2005) (Table 3). 

The hybrid rice was shown to be the heterotic in the northern provinces of Vietnam, 

especially in the highland areas of Vietnam.  

The combinations: the combinations used in the demonstrations had high heterotic on 

yield and quality of paddy rice, including Shan you gui 99, Jin you 63, Bo you 64, Bo 

you 253, D you 527, II you 838. 
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Table 3. Extension programs on commercially hybrid rice production

Year Area (ha) Yield (kg/ha) Yield (ton) 

1994 59 6.50 383.50 

1995 100 6.70 670.00 

1996 290 6.65 1928.50 

1997 280 6.68 1870.40 

1998 320 6.45 2064.00 

1999 250 6.58 1645.00 

2000 340 6.65 2261.00 

2001 603 6.53 3937.59 

2002 680 6.45 4386.00 

2003 1010 6.50 6565.00 

2004 1106 6.54 7233.24 

2005 640 6.58 4211.20 

2006 684 6.62 4528.08 

Total 6362 6.55 41683.51 

Source: National Agricultural Extension Center, 2006 

Agricultural system shifting: The demonstration of hybrid rice contributed to 

changing the cultivation method of rice production in particular, and agricultural 

production in general. Hybrid rice contributed to changing of the cultivated methods 

from early spring season to later spring season due to the short duration of hybrid rice. 

The areas of the early spring season sharply reduced from 40-45 percent in 1991 to 

lower than 10 percent in 2003 in the Red River Delta (Quoc, 2003). The increase of the 

late spring season can (1) save seed because late sowing, (2) save labor, and (3) avoid 

cold weather in the north of Vietnam. The shifting areas changed rapidly in Namdinh, 

Haiduong, Hatay, Thaibinh, Hanam, and Ninhbinh, in which the area in Namdinh 

province of the late spring season increased up to 90 percent. (Quoc, 2003). 

     For the central provinces, the demonstrations of the hybrid rice contributed to 

shifting from 3 seasons to 2 seasons/year, however, the total production of the rice was 

stable. The purposes of shifting from 3 seasons to 2 seasons are: (1) to reduce inputs, (2) 

to avoid flood in the late summer-autumn season.  

     Budget: The total invested budget to build the demonstrations of hybrid rice was 14 

billion dong (MARD, 2005). The extension program supported farmers: seed, fertilizer, 

pesticide, providing training a course, organizing a workshop and farmer field school.  

     Social and environment impacts: Hybrid rice production contributed to stability of 

life and society. The hybrid rice production is to increase the yield and to shift the 

ineffective land of rice production to plant other crops with high value.  

Hybrid rice seed production in extension demonstrations. 

     The annual demand of hybrid rice seed was 15,000-16,000 tones, 85 percent of the 

seed being imported from China. There are some disadvantages in importing seed, 

including: low quality, high prices, and passive seed providing. In order to provide 

enough seed for production, the agricultural sector boosted research and seed production. 

The extension programs on seed production were established in 1994 to help farmers in 

seed production.

     The total seed production area in the demonstration was 8,000 hectares during the 

1994 and 2005 period (DoP, 2005; Hoan, 2002) (Table 4). The annual seed production ��



area was 1,000 hectares. The cultivation areas of seed production are Namdinh, Hanam 

Haiphong, Yenbai, Laicao, Daclac, Quangnam and Kontum.  

 The combinations used in demonstration included Bo you 64, Bo you 903, II 

you 63, II you 838, D you 527, VL20, and HYT83. Those combinations are widely 

planted in large scale production and high demand of seed.

 The averages of the yield in seed production were below 1 ton/ha (1993-1995), 

more than 1 ton/ha (1996-2001) and 2 tones/ha (2002-2005) (DoP, 2006) (Table 4). The 

highest recorded yield of seed production was 3.5-4.0 tones/ha in Namdinh provinces 

(DAFE, 2001). The seed production met 25-20 percent of the total demand of the hybrid 

rice production.  

 The social and environmental impacts: The price of seed that are produced in 

Vietnam is equal to 2/3 the price of imported seed. As a result, hybrid rice seed 

programs saved more than 11 billion dong. More over, the value of agricultural 

production increase 2-3 times, compared to conventional varieties. The cultivated seed 

production areas are established in Namdinh, Hanam Haiphong, Yenbai, Laicao, Daclac, 

Quangnam and Kontum. It also created jobs in the cultivated seed production areas. 

Table 4. Extension programs on hybrid rice seed production 

Year Area (ha) Yield (kg/ha) Yield (ton) 

1994 285 484 137.94 

1995 97 972 94.28 

1996 283 1751 495.53 

1997 410 2200 902.00 

1998 300 2200 660.00 

1999 435 1700 739.50 

2000 557 2300 1281.10 

2001 839 1900 1594.10 

2002 1095 2400 2628.00 

2003 1124 2200 2472.80 

2004 855 2200 1881.00 

2005 710 2100 1491.00 

2006 1285 2200 2827.00 

Total 8275 2080 17204.26 

Source: DAFE, 1997; National Agricultural Extension Center, 2006 

Training and propaganda activities on hybrid rice. 

Training is one of the most importance activities to strengthen capacity for farmers 

who plant hybrid rice. Therefore, the training activities for technical staff and farmers 

played an important role in expanding to a larger scale. The cultivation level of 

technical staff and farmers are improving rapidly. The methods, including scattered seed 

sowing, then covered by plastic for tilling, are not only applied widely in hybrid rice 

production, but also applied in the conventional production. The commercial hybrid rice 

production programs trained for 120,000 farmers, organizing study tour for 42,000 

farmers and 60,000 farmers participated farmer field school. The numbers of farmer 

involved in the training, study tours, and farmer field school in hybrid rice seed 

production programs are 160,000; 56,000 and 80,000 respectively.

     Conversely, more attention is paid to propaganda activities. Extension programs aim 

to introduce new combinations, hybrid rice seed production guidelines, workshops, ���



farmer field schools into the mass media. Mass media includes television, radio, 

newspaper and posters to provide information to farmers. 

The policy for hybrid rice production 

Hybrid rice is the one area that is a top priority in extension activities. The extension 

programs have invested more than 60 billion dong for hybrid rice production. The 

government supported farmer-in-extension programs, include:

- Seed (including parent and F1 seed) 

- Fertilizers and pesticides 

- Providing training courses for farmers 

- Organizing study tours and workshops

- Propagandizing 

- Hiring technical workers to manage the demonstrations 

Orientation of extension programs for hybrid rice development  

 For commercial hybrid rice production 

 To demonstrate the combinations of hybrid rice that are of a high yield, high 

quality, and high income for the farmer. Demonstrating that good quality combinations 

are the first priority for meeting the needs of the customers.   

 To support seed, fertilizer and pesticide in order to facilitate the farmers’ 

methods and help them to understand hybrid rice cultivation.

 To strengthen capacities for technical workers and farmers in order to apply the 

proper technical requirements for hybrid rice production 

 To organize study tours, workshops and farmer field schools in order to 

disseminate the knowledge of hybrid rice in agricultural production. 

 To purchase plant breeder rights of good combinations.  

For hybrid rice seed production 

 Hybrid rice seed is the premise of successfully expanding hybrid rice production. 

Therefore, extension activities on hybrid rice are: 

- To hasten the hybrid rice seed production of combinations that are widely 

planted on a  large scale, including: Bo you 903, II you 838, D you 527, VL20, HYT 83.  

- To purchase plant breeder rights for good combinations  

- To complete seed production and supply systems. Extension systems will 

help to organize seed production. Enterprises will purchase seed from extension systems 

and then supply them to farmers. 

- To strengthen the capacity of technical workers and farmers in implementing 

extension programs.  

- To organize study tours in order to exchange and purchase technologies of 

hybrid rice 

���
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Abstract 

Viet Lai 20 (VL20), a Vietnamese hybrid rice (Oryza sativa L.), together with its male 

parent (R20) and female parent (103S) were used in this study. The pot experiment was 

conducted in the greenhouse in order to investigate the photosynthetic features of flag leaves 

in VL20 and its parents during the grain filling stage. Photosynthesis in terms of the carbon 

dioxide exchange rate (CER) and its related parameters were measured in the flag leaves of 

rice plants using a portable type of CO
2
/H

2
O gas analyzer (LI-6400, LI-COR, USA). It was 

conducted on sunny days from 8:00 to 16:00 under natural conditions at three growing 

stages, 3 days before heading (DBH), and 7 and 17 days after heading (DAH). The results 

indicated that the decrease in maximum CO
2

gas exchange rate (CERmax) values from 3 

DBH to 17 DAH in VL20 were significantly smaller than those in its parents. Furthermore, 

at 7 DAH and 17 DAH stages, VL20 could maintain a higher CER value in the afternoon 

than its parents. A positive and significant correlation between stomatal conductance (Gs) 

and CER in all cultivars was found at both 3 DBH and 7 DAH stages. However, the CER 

value in VL20 at the 17 DAH stage was maintained as high level as that at 7 DAH stage 

despite the insufficient stomatal opening. Water use efficiency (WUE) was found to be 

significantly higher in the F
1
 hybrid than that in the parents at all stages. Moreover, at 17 

DAH stage, the mesophyll conductance (Gm) value was much higher in VL20 than those in 

its parents. These results suggest that higher WUE and higher Gm contribute to superior 

photosynthetic capacity in F
1
 hybrid rice (VL20) during the grain filling stage. ���
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1. Introduction

Rice is the most important crop in Asian countries. There needs to be highly significant 

increase in the grain yield of rice in order to satisfy the high demand of a food supply caused 

by the rapid increase in the population of these countries. Hybridization is one of the 

essential techniques for a contribution to the increase in the rice yield, which generally has 

about 15 to 20% of a yield advantage over conventional rice varieties from the same growth 

conditions (Virmani, 1994). In recent years, hybrid rice covers 50 percent or 15 million ha of 

the total cultivated area in China (FAO, 2004). In Vietnam, hybrid rice has been present 

since 1992 and is considered to be an effective approach for the promotion of the great 

increase in rice yield. Viet Lai 20 (VL20), a F
1
 hybrid combination of 103S (a female parent, 

a thermo-sensitive genic male sterile line) and R20 (a male parent), was authorized as the 

first national variety of Vietnamese hybrid rice in 2004. Characteristics of this hybrid rice are 

a short growth duration of only 85 to 90 and 115 to 120 days in the autumn and spring 

cropping season, respectively, as well as a high yielding potential of 6.5 to 8.0 tons per ha. 

Because of this, the area of VL20 cultivation has grown to large-scale production by farmers 

in many Northern provinces in Vietnam. However, the physiological basis of the high yield 

potential of this hybrid remains unclear. 

CO
2
 assimilation, the most fundamental physiological reaction for plant growth, has 

been investigated to clarify the physiological characteristics responsible for vigorous growth 

in F
1
 hybrids. Most of the final carbon content of grain is induced by the CO

2
 assimilation of 

leaves during grain filling stage (Yoshida, 1981; Song et al., 1990). In particular, flag leaves 

are a major contributor to the accumulation of photoassimilates in grains of rice, which are 

due to the largest leaf area and longest life span of the rice plant (Ray et al., 1983; Yoshida, 

1981).

Evaluation of the effects of the heterosis on photosynthesis has been examined by many 

researchers. Higher positive heterosis in photosynthetic activity was found in F
1
 hybrids 

beyond that of their parents (McDonald et al., 1974; Murayama et al., 1987; Pham et al., 

2004). On the other hand, Akita (1988) indicated that heterosis for photosynthetic rate has 

been controversial. Kabaki (1993) reported that there was no difference in photosynthesis 

between hybrid rice and parents. In this study, we clarified the photosynthetic features of 

flag leaves in VL20 during the grain filling stage and investigated causes of the differences 

in CO
2
 gas exchange characteristics and the related parameters between the F

1
 hybrid and its 

parents.  ���



2. Materials and methods 

 2.1. F
1
 hybrid and parent cultivars 

The F
1
hybrid (VL20) and its parents in semi-dwarf indica (103S and R20) were used in 

this study. 103S is a thermo-sensitive genic male sterile line created from Vietnam. R20, a 

male parent of VL20, is a restorer line with high yield production. The growing duration of 

VL20 is about 15 days shorter than that of R20 in the same cropping season.  

2.2. Plant growing and experimental design 

Pot experiments were conducted in a greenhouse at the Faculty of Agronomy, Hanoi 

University of Agriculture, Vietnam in the spring cropping season 2007. VL20 and its parents 

were sown at different dates in order to synchronize heading time, 6
th

 January for the parents 

and 22
nd

 January for the hybrid. Seeds of VL20 and its parents (103S and R20) were 

incubated at 30°C for 48 hours for germination, then the germinated seeds were sown on 

seedling trays (60 � 35 � 8 cm). The seedlings at the 4-leaf stage of VL20 and its parent 

cultivars were singly transplanted into 5-liter pots filled with alluvial soil and chemical 

fertilizers with the amount of 0.96 g of nitrogen (N), 1.6 g of phosphorus (P
2
O

5
) and 1.6 g of 

potassium (K
2
O). In addition, top-dressed N was applied at the panicle initiation stage with 

0.64 g of N. The pots were supplied with sufficient water, and the greenhouse was well 

ventilated to maintain natural temperature fluctuation. The experiment was laid out in a 

completely randomized design in which one plant was considered as a replication (Gomez 

and Gomez, 1984).

2.3. Measurement of photosynthetic characters 

At the three growing stages, which are 3 days before heading (DBH), and 7 and 17 days 

after heading (DAH), 4 plants of the F
1
 hybrid and the parent cultivars were randomly 

selected for measurements of photosynthetic features. Diurnal changes of CO
2
 gas exchange 

rate (CER) and related parameters in VL20 and the parents were monitored on sunny days at 

2-hour intervals from 8:00 to 16:00 using a portable type of CO
2
/H

2
O gas analyzer (LI-6400, 

LI-COR, USA) under natural climate conditions. The flag leaf of the main culm of each rice 

plant was used for CER measurements. Changes in the photosynthetic photon flux density 

(PPFD; µmol m
-2

 s
-1

), air temperature (Ta, 
o

C) and relative humidity (RH; %) were also 

recorded at every one hour during the measurements. A chlorophyll meter reading (SPAD 

value) was taken from the leaf blades where CER was measured, using a leaf chlorophyll 

meter (SPAD 502, Konica-Minolta, Japan). 

The related parameters of CER such as stomatal conductance (Gs), transpiration rate (Tr), 

intercellular CO
2
 concentration (Ci), ambient CO

2
 partial pressure (Ca) and so on were also ���



measured. The values of mesophyll conductance (Gm) and water use efficiency (WUE) 

were calculated from the monitored values, according to the equations by Long et al. (1993). 

Gm = CER / Ci 

WUE = CER / Tr 

3. Results  

Photosynthetic parameters were 

measured beginning on 5
th

 of May 

at 3 DBH stage, and ending on 29
th

of May at 17 DAH. During this 

period, climate conditions 

demonstrated the typical patterns 

of Northern Vietnam in the 

beginning of the summer season 

with high temperatures and high 

irradiance. The PPFD, Ta and RH 

on the days of photosynthetic 

measurement were in the range of 

600-2200 µmol m
-2

 s
-1

, 28-46 
o

C

and 30-72%, respectively (Fig. 1-D, 

E, F). Diurnal changes of CER in 

VL20 and the parent cultivars had 

a different tendency among three 

stages (Fig. 1-A, B, C). At the 3 

DBH stage, there were no large 

differences in CER between the 

hybrid and the parents. At 7 DAH 

stage, although CER values were 

not marked different between 

VL20 and the parents in the 

morning, they were significantly 

higher in VL20 than that in R20 in 

the afternoon.  Moreover, at 17 

DAH stage, VL20 showed much 

higher CER value than the parents 

either in the morning or in the 

afternoon.  Thus, the F
1
 hybrid 

could maintain better 

photosynthetic rate in the afternoon 

as well as at the late grain filling 

stage compared to the parents.

There was no significant 

DBH stage, there were no large difference in CER between the hybrid and the parents. At 7 

DAH stage, although CER values were not marked as different between VL20 and the 

parents in the morning, they were significantly higher in VL20 than that in R20 in the 

afternoon.  Moreover, at the 17 DAH stage, VL20 showed much higher CER value than the 

parents either in the morning or in the afternoon.  Thus, the F
1
 hybrid could maintain a 

better photosynthetic rate in the afternoon as well as at the late grain filling stage as 

compared to the parents. 

There was no significant difference in the maximum CO
2
 exchange rate (CERmax) 

between VL20 and the parents at 3 DBH (Fig. 2). In addition, CERmax value decreased 

with time from the 3 DBH to the 17 DAH stage in all cultivars. However, the extent of the 

decrease in CERmax was much greater in the parents than in the hybrid. On average, the 

reduction in CERmax from 3 DBH to 17 DAH in the parents was by 37-45%, while that of  
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Fig.1.Diurnal pattern of  CO
2
 exchange  rate   (CER)  in  VL20  (circle), 103S 

(iangle) and R20 (square) at 3 days before  heading(A), 7 days after heading 

(B)   and 17 days  after  heading (C) and climate  conditions : photosynthetic 

photon flux dendity (PPFD;D), air temperature (Ta;E) and relative humidity 

(RH; F).  Vertical bar means the standard error of four replications. 
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the hybrid was only 5-8%.  No significant difference in the SPAD value among VL20 and 

its parents was found at 3 DBH, however, this value was significantly higher in VL20 than 

in R20 at the 7DAH and the 17 DAH stage (Fig. 3). As the same trends of SPAD value, 

mesophyll conductance (Gm) was observed between VL20 and R20 at 3 DBH, but the Gm 

value was also significantly higher in VL20 than R20 at 7 DAH and 17 DAH stage (Table 

1). Water use efficiency (WUE) was found higher in the F
1
 hybrid than in the parents at all 

growth stages (Table 2). It ranged from 3.24 to 4.27 mmol mol
-1

 in VL20 and 2.14 to 3.19 

mmol mol
-1 

in the parents. Furthermore, VL20 showed significantly greater WUE value 

than that of the parents at the 17 DAH stage.

At 17 DAH, the ratio of intercellular concentration to ambient CO
2
 partial pressure 

(Ci/Ca) value gradually decreased from 9:00 to 15:00 in all cultivars (Fig. 4). VL20 always 

showed significantly lower values in Ci/Ca than the parent cultivars. A significant and 

positive correlation (r = 0.69) was found between stomatal conductance (Gs) and CER in all 

rice cultivars at the three stages (Fig. 5). The CER value in R20 was significantly decreased 

from 7 DAH to 17 DAH despite a sufficient stomatal opening. In contrast, the CER in VL20 

at 17 DAH was maintained as high as that at 7 DAH despite an insufficient stomatal opening.
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Table 1.  Mesophyll conductance (Gm, mol m
-2

s
-1

) in 

VL20, 103S and R20 measured at 3DBH, 7DAH and 

17DAH. 

Cultivar            3DBH        7DAH          17DAH 

VL20              0.10a           0.07b             0.15a 

       103S               0.09a           0.09a             0.06b 

        R20                0.09a           0.05c             0.05b  

Mean values which column followed by the same letter 

are not significantly different at 5% level by DMRT.   

Table 2.  Water use efficiency (WUE, mol m
-2

 s
-1

) in 

VL20, 103S and R20 measured at 3DBH, 7DAH and 

17DAH. 

Cultivar            3DBH        7DAH          17DAH 

VL20              3.24a           3.52a             4.27a 

       103S              2.65b       3.19b             2.89b 

        R20           3.04ab       2.38c         2.14c  

Mean values which column followed by the same letter 

are not significantly different at 5% level by DMRT.   ���



4. Discussion 

There are a number of studies, which examined the characteristics of photosynthetic 

activity in hybrid rice (Yamauchi et al., 1985; Murayama et al., 1987; Pham et al., 2004). In 

the previous study, we investigated the affection of light intensity and diurnal change on 

heterosis for photosynthetic characters in F
1
 hybrids of rice including VL20 (Pham et al., 

2005), but plants were measured at the flowering stage. In this study, we focused on the 

differences of the CO
2
 exchange rate among VL20 and its parents in the period from 3 days 

before heading (3 DBH) to 17 days after heading (17 DAH). The CERmax value in all 

cultivars gradually declined from 3 DBH to 17 DAH (Fig. 2) due to flag leaf senescence 

(Kuroda et al., 1990; Saitoh et al., 1991). However, VL20 showed a significantly higher 

CERmax than its parents at all stages. Furthermore, the rate of the decrease of CERmax 

value was much greater in the parent cultivars than in VL20. Moreover, at the late daily time, 

the decrease of CER value was much stronger in the parents than in VL20 (Fig. 1-B, C). 

These results suggest that VL20 demonstrates superior photosynthetic capacity during the 

grain filling stage due to not only high CER maintenance at the late stage, but also high CER 

potential in the afternoon. 

We further investigated possible causes of this higher photosynthetic capacity in VL20 

by examining the related parameters. The results show that the SPAD value (an indicator of 

leaf chlorophyll content) in VL20 was higher than that in the parent cultivars at 7 DAH and 

17 DAH stages (Fig. 3). Some previous studies showed that SPAD value was positively 

correlated to CER (Sarker et al., 2002; Pham et al., 2005). Thus, higher chlorophyll content 

might be contributed to the higher CER maintenance at the late stage in F
1
 hybrid than in the 

parents.  
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The CER value exhibited a significant correlation to stomatal conductance (Gs), an 

indicator of the stomatal opening (Fig. 5), which is in agreement with previous reports 

(Kawamitsu et al., 1987a; Kuroda et al., 1990). However, at the 17 DAH stage, despite an 

insufficient stomatal opening, the CER was maintained at a high value in VL20 than that in 

R20. This may be due to higher water use efficiency (WUE) in VL20 than that in R20 

(Table 2). Higher WUE was probably due to the higher CER and lower Tr in VL20 (data not 

shown). Furthermore, Ci/Ca, one of the parameters which strongly regulates to the 

photosynthetic rate, was lower in VL20 than in its parents (Fig. 4) due to higher vapor 

pressure deficit in VL20 (data not shown) (Saitoh and Ishihara, 1987). In addition, higher 

vapor deficit might also explain for the lower stomatal conductance in VL20 at 17 DAH 

stage.

In this study, VL20 was observed to show a higher value of Gm compared to the parents 

at both 7 and 17 DAH stages. So far, photosynthetic rate was reported to be closely 

correlated to the mesophyll conductance (Gm), an indicator of the CO
2
 fixation ability 

(Kawamitsu et al., 1987b; Sasaki et al., 1992). Thus, the higher Gm value would maintain 

higher photosynthetic rate in VL20 despite an insufficient stomatal opening.  In addition, the 

higher CO
2
 fixation ability in the hybrid might be contributed to both the higher flag leaf 

nitrogen content (data not shown) (Tagawa et al., 2000; Sarker et al., 2002) and higher 

Rubisco activity, a key enzyme involved in the CO
2
 fixation process (Saka, 1985).  

Consequently, VL20 shows a far superior CO
2
 exchange rate of flag leaves than that of 

the parents during the grain filling stage, which might be due to the higher water use 

efficiency, the higher mesophyll conductance and higher flag leaf nitrogen content.  
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Abstract

   We investigated the effects of low input nitrogen application (N) on dry matter 

production and CO
2
 gas exchange rate (CER) during grain filling stage of Viet Lai 20 

(VL20) as compared to its parent cultivars, the male parent R20 and female parent 

103S.  The two nitrogen levels are standard nitrogen (SN) and low nitrogen (LN) with 

amount of 4.76g and 2.38g of (NH
4
)

2
SO

4
 added to a pot with a same base of 5.88g of 

Ca(H
2
PO

4
)

2
 and 1.67g of KCL.  The restriction of nitrogen supply reduced 

above-ground dry matter weight to 80-94% at 7 and 17 days after heading (DAH).  

The results showed that the nitrogen content of flag leaves in VL20 were significantly 

higher than in R20 in the both nitrogen conditions.  In VL20, panicle growth rate in 

LN at 7 and 17 DAH were about 75% of that in SN.  On the other hand, in R20, low 

input nitrogen application decreased panicle growth rate to 40% of SN at a later grain 

filling stage.  At high temperatures at the panicle initiation stage, a low panicle 

growth rate was found in female parent (103S) due to male sterility.  The accumulated 

value of CER (ΣCER), which was based on a regression curve of diurnal changes of 

CER from 8:00 to 17:00, exhibited a higher value in VL20 than that in R20 in the both 

SN and LN.  ΣCER and ΣLA of flag leaves of the plant in LN of three cultivars 

resulted in about 50 to 70% of that in SN.  At the active growth stage of a panicle 

from 7 to 17 DAH, the main source for panicle growth was photoassimilates produced 

by flag leaves.  VL20 showed higher contribution of flag leaf photoassimilates for the 

dry matter production of panicle than R20 in both nitrogen conditions.  These results 

suggested that the slow senescence of photosynthetic functions of flag leaves in VL20 

leads to higher contribution for panicle growth during grain filling stage. 

Key words: Dry matter production, hybrid rice, low input nitrogen application, ���



photosynthesis, Viet Lai 20 

Introduction 

In Vietnam, fertilizer application has been gradually increasing to stimulate 

agricultural production.  In the last 10 years, the amount of fertilizer application has 

increased to double of what it was before.  

   The features of hybrid rice, VL20, were clearly analyzed by Tang et al. in the 

previous report.  This hybrid has allowed for a more intensive cultivation and 

efficient cropping system for farmers.  As a result, farmers using this hybrid could get 

a higher yield and geater benefit with high input cultivation.  However, the cultivation 

of high input fertilizer negatively affects the eco-system, causing problems such as 

agro-environmental pollution and green house effects.  Therefore, for the future, we 

should construct a technique for the stable production of rice under fertilizer supply 

restriction.  To realize this idea, we must approach genotype selection that is focused 

on nitrogen use efficiency and agronomic management fitting to cultivar 

characteristics. 

Nitrogen is one of the most important nutrients for plant growth and dry matter 

production.  In a rice plant, more than 30% of nitrogen content accumulated in a leaf 

is stored as ribulose-1, 5-bisphosphate carboxylase/oxygenase (Rubisco) (Lawlor et al., 

2001).  About 35% of this is as proteins of light harvesting and Calvin cycle except 

for Rubisco.  Therefore, nitrogen content in a leaf has a great effect on leaf 

photosynthetic capacity and crop yield.  Thus, the importance of leaf photosynthesis 

is one of the fundamental steps of increasing the yield of rice cultivars (Jiang et al., 

1988; Kuroda and Kumura, 1990; Sasaki and Ishii, 1992; Zhang and Kokubun, 2004).  

Among the leaves of a rice plant, flag leaves play an important role in determining the 

matter production and grain yield (Murata and Matsushima, 1975; Black et al., 1995).  

From these findings, it may be predicted that the photosynthetic improvement of a flag 

leaf is one of the most important steps towards sustaining the productivity of rice 

plants under low nitrogen input conditions.  So far, many studies have been conducted 

about the responses of growth and photosynthesis to nitrogen application using 

different rice cultivars (Osada and Murata, 1962; Sarker et al., 2002), but few reports 

on the effects of nitrogen saving are available.   

  Making hybrid rice may be an available means as a strategy to sustain the 

productivity of rice plants under low input nitrogen conditions.  Many researchers 

have examined the heterosis effects of photosynthesis and grain yield.  Some 

researchers pointed out that extension of leaf area per plant was a determining factor in 

the support high yield F
1
 hybrids (Kawano et al., 1969; Yamauchi and Yoshida, 1985).  

However, we have not reached a consensus on photosynthesis of F1 hybrids ���



(McDonald et al., 1974; Murayama et al., 1987; Akita, 1988; Kabaki, 1993; Pham et al., 

2004).

In this study, we investigated the effects of low input nitrogen application on dry 

matter production and photosynthesis of flag leaves of VL20 during grain filling stage 

as compared to its parent cultivars. 

Materials and Methods 

1.  Plant materials and experimental designs 

   F
1
hybrid (VL20) and its parents in semi-dwarf indica (103S and R20) were used in 

this study. 103S is a thermo-sensitive genic male sterile line from Vietnam.  R20, a 

male parent of VL20, is a restorer line with high yield production.  The growing 

duration of VL20 is about 15 days shorter than that of R20 in the same cropping season.  

Two nitrogen conditions were set; one condition applied the amount of 0.96 g of 

nitrogen in a 5 L pot (SN). Another was a half level of nitrogen application (LN).  

Both SN and LN conditions, 1.6 g of phosphorus (P
2
O

5
) and 1.6 g of potassium (K

2
O)

were applied in the pot. At panicle initiation stage, SN and LN conditions were applied 

with 0.64 g and 0.32 g of top-dressed nitrogen, respectively.  Detailed designs of the 

experiment were mentioned by Tang et al. in the previous report.   

2. Measurements of gas exchange rate 

At the three growing stages as 3 days before heading (DBH), and 7 and 17 days after 

heading (DAH), 4 plants of the F
1
 hybrid and the parent cultivars were randomly 

selected for the measurement of photosynthetic features. Diurnal changes of CO
2
 gas 

exchange rate (CER) and related parameters in VL20 and the parents were monitored 

on sunny days at 2-hour intervals from 8:00 to 16:00 using a portable type of CO
2
/H

2
O

gas analyzer (LI-6400, LI-COR, USA) under natural climate conditions. The flag leaf 

of the main culm of each rice plant was used for CER measurement.�

For conducting the quantitative analysis, ΣCER was evaluated on the basis of 

regression curve of the diurnal pattern of CER from 8:00 to 17:00.  

3. Sampling and nitrogen analysis 

At four growing stages of 3DBH, 7DAH, 17DAH and 28DAH, four plants were 

sampled and divided into following parts; the flag leaf, other leaf, culm panicle and the 

dead fragment.  They were dried at 80� for seven days in an oven to measure dry 

matter weight (DM).  Afterward, the dried flag leaf was powdered, and the nitrogen 

was determined according to the semi-micro Kjeldahl method. ���



Results

� Figure 1 shows DM of leaf, culm and panicle of the plant at 7DAH, 17DAH and 

28DAH under SN and LN conditions.  In VL20 and R20, above-ground DM under 

LN condition was 80 to 94% of those under SN conditions at each stage.  A 

remarkable increase was found in the panicle dry matter weight under both conditions 

at 17DAH and 28 DAH.  Conversely, in 103S, there was only a slight increase in the 

DM after heading under both conditions because of the relation to TGMS line. 

� Panicle growth rate (PGR) of VL20 showed a different tendency from that of R20 

(Fig. 2).  In both conditions, PGR of VL20 was as the same level as that of R20 from 

7DAH to 17DAH.  However, the PGR of VL20 was significant higher than that of 

R20 from 17DAH to 28DAH.  Subsequently, in LN conditions, the PGR of VL20 was 

at 77% of that in SN.  In the case of R20, low nitrogen application severely decreased 

the panicle growth rate.� Table 1 shows the nitrogen content of a flag leaf at 7DAH, 

17DAH and 28DAH.  In both conditions, the nitrogen content of the flag leaf of both 

the hybrid and the parents gradually decreased.  At 7DAH and 17DAH, this content 

of VL20 and 103S exhibited significantly higher nitrogen content than that of R20 

under both conditions.  

  Nitrogen supply restrictions decreased the CER of both the hybrid and the parents at 

each measurement stage (Fig. 3).  Diurnal changes of CER of VL20 and the parents 

had a different tendency among three stages (Fig. 3-A, B, C). At 3 DBH stage, in the  
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Fig.1.  Changes in dry matter weight (DW; g 

plant
-1

 of avobe-ground portion of  (A) VL20, 

(B) 103S and (C) R20 of SN and LN conditions.

Table 1.  Nitrogen content of flag leaves (mg g
-1

of

VL20, 103S and R20 of SN and LN conditions at grain 

filling stage.) 

Treatment  Cultivar   7DAH    17DAH   28DAH 

SN      VL20     26.8a     21.3a     15.6b 

           103S     26.1a     21.0a     18.4a 

           R20      23.4b     17.7c     13.9c 

  LN      VL20     22.4b     18.0bc    12.5d 

           103S     23.0b     19.6b     14.8bc 

           R20      20.2c     15.9d     12.4d 

Values in parenthesis indicate the percentage of dry 

matter weight in LN to that in SN. ���



morning, there was a slightly significant difference in CER between the hybrid and the 

parents. At the mid afternoon, the CER of VL20 and 103S was maintained at the same 

level as that in the morning.  Following this, about 20% decrease in CER was found 

in R20.  At 7 DAH stage, although CER values were not marked different between 

VL20 and the parents in the morning, they were significantly higher in VL20 than that 

in R20 in the afternoon.  Moreover, at the 17 DAH stage, VL20 showed much a 

higher CER value than the parents both in the morning and in the afternoon.  Thus, 

the F
1
 hybrid could maintain a better photosynthetic rate in the afternoon as well as at 

the late grain filling stage compared to the parents.� � � �

� In the hybrid and the parents, although ΣCER and ΣCER�LA in LN plants showed 

lower levels than those in SN, the patterns of decrease were different among three 

cultivars (Table 2).  At 3DBH, there was no large difference in ΣCER�LA  of VL20 

and R20 in SN plants.  However, at 17DAH, ΣCER�LA  of VL20 could be kept at 

80% of that at 3DBH, while ΣCER�LA of R20 decreased to 50%.  In LN plants, 

VL20 also showed a higher potential of photosynthetic activity than R20 at each stage.�

The shoot dry matter balance of 

above-ground part from 7DAH to 

17DAH showed different pattern among 

the three cultivars in SN condition (Table 

3).  In VL20 of SN plants, panicle had a 

remarkable increase, which was mainly 

induced by photoassimilates of the flag 

leaf.  This value corresponded to a 

57.2% increase in panicle dry matter 

weight.  However, the ratio of 

photoassimilates of the flag leaf to the 

increase in panicle dry weight was higher 

in VL20 than in R20.  In VL20, there 

was also much more of a decrease in leaf 

and culm dry weight, which 

corresponded to about 60% of the 

increase in panicle dry weight.  �

Discussion 

  We investigated the effects of low input nitrogen application on dry mater 

production and photosynthetic activity of VL20, the first national variety of the hybrid 

rice in Vietnam.  There was little difference in the dry matter weight of above-ground 
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portion of both conditions between the hybrid and a male parent R20, before and after 

heading (Fig. 1).  However, this parameter of both conditions at 17DAH was 

recognized to be significant higher in VL20 than that in R20.�  There have been many 

reports concerning the dry matter production and grain yield of hybrid rice.�

Heterosis for dry matter production and grain yield was induced by the active 

extension of leaf area, which leads to higher potential of photosynthesis per plant 

(Kawano et al., 1969; Yamauchi and Yoshida, 1985).  Results observed in this study 

could not find significant differences in flag leaf area and leaf area per plant between 

the hybrid and the parents (data not shown).  For this reason, the dry matter weight of 

above-ground portions of VL20 in both conditions resulted in the same level as that in 

R20 (Fig. 1).  However, panicle growth rate from 7DAH to 17DAH was clearly 

different between these cultivars (Fig. 2), which implied that this was due to the 

difference in the leaf photosynthetic activity and mass transport activity at this stage. 

� Heterosis for the photosynthesis of F
1
 hybrid rice have not had consensus.  Some 

Table 2.  Effects of nitrogen treatment on integrated value of CER (ΣCER; mol m
-2

) and ΣCER per 

plant(ΣCER�LA; mol plant
-1

) of SN and LN conditions at 3DBH, 7DAH and 17DAH. 

                              3DBH                  7DAH                17DAH 

Treatment     Cultivar     ΣCER ΣCER�LA       ΣCER  ΣCER�LA     ΣCER ΣCER�LA

    SN         VL20      1.00      50.4           0.70      35.0         0.89      41.1 

                103S      0.87     39.3          0.63      28.5         0.60      24.0 

                R20      0.89      45.6           0.51      26.0        0.49      23.6 

   LN          VL20      0.97 (97)  42.4 (84)      0.56 (80)  24.4 (70)   0.82 (92) 25.3 (62) 

                103S     0.81 (93)  23.0 (59)      0.65 (103) 18.5 (65)  0.53 (88)  12.1 (50) 

                R20       0.76 (85)  29.5 (65)   0.44 (86)  17.3 (67)   0.39 (80)  12.9 (55) 

Values in parentheses indicate the ratio of LN value to SN value. 

Table 3.  Shoot dry matter balance (g plant 
-1

) of VL20, 103S and R20 of SN and LN conditions from 7DAH to 

17 DAH. 

   Treatment   Cultivar     Leaf     Culm      Photoassimilate of       Panicle 

                                                     flag leaves        

      SN       VL20      -2.98     -1.05        9.83                17.01  

                103S      -2.27    2.71        5.76                 1.35 

                R20     -3.17    0.64        6.27                13.80 

     

      LN       VL20      -3.13     -4.00        6.24                12.49 

                103S      -0.99   -0.72      4.16               0.43 

                R20       -2.50     1.53      3.88                12.10 

���



researchers reported that there was clearly a heterosis effect on CER, which was 

caused by a high CO
2
 fixation ability and high nitrogen content of a flag leaf (Tagawa 

et al., 2000; Sarker et al., 2002).  On the other hand, Kabaki (1993) reported that there 

was no difference in photosynthesis between hybrid rice and parents.  Our result from 

this study have shown a higher photosynthetic rate in VL20 than that in the parents at 

this stage (Fig. 3).  This phenomenon was supported by the maintenance of high 

mesophyll conductance (Tang et al., 2008) and high content of flag leaf nitrogen during 

the grain filling stage (Table 1).  

�  Improvement of dry matter production and photosynthesis is a most important 

problem.  That is to say, the progress in nitrogen use efficiency absorbed by a leaf or a 

plant will lead to the realization of sustainable agriculture.  In LN plants at the grain 

filling stage, the contribution of photoassimilate of flag leaves to panicle amounted to 

45%, a value that was higher than R20 (Table 3).  And the amount of decrease in 

leaves and culm was used for the allocation to panicle, which corresponded to 60% of 

the increase in panicle dry weight.  This result was supported that VL20 had long 

term maintenance of high photosynthesis due to slow leaf senescence, which was 

corroborated by the gradual decrease in nitrogen content in a flag leaf under low input 

nitrogen application, and effective utilization of plant resources, and the allocation 

from leaves and culm to panicles. 
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Abstract

Water resources in the RRD at the present time are sufficient for agricultural 

production, but run the risk of scarcity in the near future due to contamination, 

competition with other economic sectors, and climate change. The experimental results 

of shifting from traditional permanent water ponding techniques to other farming 

techniques, such as alternate wetting and drying irrigation (AWD), are as follows: the 

lack of a ponding layer in the vegetative stage of rice production causes a reduction in 

surface evaporation and percolation, with water savings of 19% compared with 

traditional irrigation practices of continuous flooding (CF). To obtain the same yield, 

water input ranged from 520 to 570 mm for AWD and 570 to 620 mm for CF. The 

demo was 1.91 to 2.06 times better than the conventional rice field for water 

conservation.  NO
3

-

 changed from 1.3 mg/kg NO
3

-

 to 4.6 mg/kg for the AWDp2 mode 

and from 1.3 mg/kg NO
3

-

 to 0.2 mg/kg for the CFp1 mode 

Key Words: Water demand, Water-saving irrigation  

Introduction

The depletion of freshwater is an increasingly worrying aspect of rice production, 

particularly for irrigated rice. In experimental plots, it takes between 1,100 and 1,200 

liters of water to produce 1 kg of paddy rice. However, the amount of water used is in 

fact often much higher. The need to produce more rice for more people on less land 

with less water is a challenge for science and technology, as well as for the rice-farming 

community.

For thousands of years, paddies have been associated with fields of standing 

water in various agro-ecological systems. Water use at the field level is thus always 

high due to infiltration, percolation and spillage. Therefore, paddies are always blamed 

for being high consumers of water (900-2250 mm each per season) compared with other 

cereals (400-600mm). 

The mounting water crisis at the global and local level raises questions about the 

future of paddies. It is time for us to reconsider whether paddies can use less water to 

produce more rice. Competition for other uses of water is increasing rapidly and there is 

no doubt that water consumption will come under increased examination.  

The Red River Delta (RRD) is one of the two biggest deltas in Vietnam. The 

quantity and quality of water resources in the RRD have an impact not only on 

agriculture, but also on other sectors, such as population, industry, etc. 

The purpose of this paper is to review the situation of water resources in the 

RRD, focusing on a new look at water management in rice production, and to present 

experimental results on shifting from traditional permanent water ponding techniques 

(continuous flooding - CF) to other farming techniques such as alternate wetting and 

drying irrigation (AWD) in rice fields. ���



Research Contents and Methods 

Contents

• The current situation of water resources in the RRD 

• Assessment of different water management methods applied to rice fields 

• Impact of water and fertilizer management on NH
4

+

 and NO
3

-

Methods

• Data collection through surveys and review of related documents 

• Data analysis using statistical methods with tools: SWOT, Excel, etc. 

• Field experiments 

The experiments were conducted in a split-plot design with three replications in HUA. 

The main plots were given two different water treatments: CF (traditional irrigation 

practices with continuous flooding) and AWD (alternate wetting and drying irrigation). 

The soil moisture in the root zone during the AWD period was kept near saturation. The 

subplots (15 m
2

) consisted of three N-fertilizer applications: po (No N application), p1 

(farmer’s practice 120N), and p2 (deep placement fertilization 90N). 

Irrigation: The water balance (all terms in mm of water) within a field during the 

crop season can be expressed as:

R: rainfall; ET: evapotranspiration, SP: net seepage and percolation and s∆ : change 

in field water storage. 

Soil analysis: NH
4

+

: colorimetry, using reagent Nessler; NO
3

-

: colorimetry, using 

reagent Disunphophenic. 

Results and Discussion 

Water resources in the RRD 

The annual amount of water discharged from the Red River is between 115-137 

billion m
3

. The minimum discharge of 370 m
3

/s occurs from January-April, while the 

highest discharge is 38,400 m
3

/s from June-October. About 40% of the annual water 

supply originates in China. The basin of the Red River is the largest in Vietnam in terms 

of area, and accounts for 16% of the total runoff in Vietnam (the annual mean runoff 

volume is second only to the Mekong River). Seasonal variations in discharge mirror 

variations in rainfall, but with a small time lag. 

The RRD is underlain with a number of highly productive aquifers. Rural water 

supplied to the Delta relies almost exclusively on groundwater resources. Groundwater 

is also used in urban areas, including Hanoi, as well as for numerous individual 

industrial and commercial developments. The total amount of available groundwater 

probably exceeds 1000x10
6

 m
3

.

The flow in the dry season in the RRD appears to be sufficient for current and 

foreseeable agricultural and urban uses, except for a few tributaries of the Thai Binh, Da 

Bach and Ninh Co. Due to urbanization and the increasing demand for the cultivation of 

diversified crops, some paddy areas in the RRD may be converted from paddy fields to 

other land uses, and water use is increasing but current water resources still meet these 

demands.

The RRD has several problems in relation to the quality of surface water, 

biological contamination, salinity, and sedimentation, which contribute to the reduction 

in fresh water resources in the area. 

The biological contamination of surface water in urban areas has become the 

most serious environmental problem in terms of water in the RRD and is getting worse. 

The problem is caused by an increase in sewage and drainage flows in areas of rapid 

population growth, where the capacity of sewage/drainage management systems has not 

I R ET D SP s+ − − − = ∆
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been matched with the demand. The discharge of human waste is almost uncontrolled 

and forms 70% of the total organic load of the river discharge near cities.  

Industrial and agrochemical pollution appears to be a secondary problem at 

present, while the discharge of industrial wastewater is expected to increase 

significantly in the coming years. 

Salinity intrusion in the coastal areas during the low-flow season is the dominant 

water quality problem in Hai Duong, Hai Phong, Thai Binh and Nam Dinh provinces, 

affecting not only irrigation but also rural water supplies. The problem is most severe in 

the low-flow season, when there is not enough flow towards the coast to prevent 

seawater backflows. Salinity deteriorates water quality and damages cropland. Strong 

tidal water penetrates 30-50 km up the Red River.  

Sedimentation undermines the long-term economic benefits of the water 

resources infrastructure. The key contributing factor to sedimentation is the increased 

logging of forests. Over 90% of the annual sedimentation in the river occurs in the 

flooding season.

Necessary changes in rice field water management 

 Assessment of water-saving method 

Table 1. Calculated seasonal evapotranspirations   

Experiment Water regime 

N Rate 

(kg/ha) 

Varieties

Khangdan Vietlai 

Summer 2005 Continuous flooding  0 269,61 ± 9,26 254,53 ± 9,40 

Continuous flooding  120Pp1 370,95 ± 4,98 350,20 ± 5,61 

Continuous flooding  90p2 377,62 ± 6,50 357,62 ± 6,51 

Alternate wetting and drying 0 237,25 ± 8,15 223,99 ± 8,27 

Alternate wetting and drying 120p1 326,44 ± 4,38 308,17 ± 4,94 

Alternate wetting and drying 
90p2 331,95 ± 3,02 321,95 ± 3,02 

Summer 2006 Continuous flooding  0 238,38 ± 10,08 225,00 ± 7,92 

Continuous flooding  120p1 327,95 ± 7,02 309,57 ± 4,59 

Continuous flooding  90p2 335,28 ± 6,44 310,62 ± 9,49 

Alternate wetting and drying 0 209,78 ± 8,87 190,00 ± 6,97 

Alternate wetting and drying 120p1 288,60 ± 6,18 272,42 ± 4,04 

Alternate wetting and drying 
90p2 311,28 ± 2,95 281,28 ± 2,95 

Spring 2006 

Continuous flooding  0 268,71 ± 10,45 249,57 ± 10,68 

Continuous flooding  120p1 369,69 ± 6,66 343,34 ± 7,66 

Continuous flooding  90p2 375,28 ± 6,44 345,28 ± 6,44 

Alternate wetting and drying 0 214,97 ± 8,36 199,65 ± 8,54 

Alternate wetting and drying 120p1 295,75 ± 5,33 274,67 ± 6,12 

Alternate wetting and drying 90p2 318,62 ± 5,83 285,28 ± 8,21 

Spring 2007 Continuous flooding  0 287,73 ± 9,86 249,14 ± 8,92 

Continuous flooding  120p1 395,89 ± 5,53 342,79 ± 5,30 

Continuous flooding  90p2 403,62 ± 8,15 345,62 ± 4,93 

Alternate wetting and drying 0 230,19 ± 7,89 199,32 ± 7,14 

Alternate wetting and drying 120p1 316,71 ± 4,43 274,23 ± 4,24 

Alternate wetting and drying 90p2 328,26 ± 6,44 288,28 ± 7,14 

p1: Traditional fertilizer 

  p2: Deep placement fertilizer

The volume of irrigation water that rice needs changes from 3600 to 3800 m
3

/ha,

but the actual volume can reach up to 5130 m
3

/ha (Nguyen Van Dung, 1999). Rice ���



grown under traditional practices in the Asian tropics and subtropics requires between 

700 and 1,500 mm of water for a crop season, depending on soil texture (Bhuiyan 1992). 

This water requirement consists of: (1) 150-250 mm for land preparation, (2) about 50 

mm for growing rice seedlings in the nursery before transplanting, and (3) 500-1,200 

mm (5-12 mm per day for 100 days) to meet the evapotranspiration (ET) demands and 

unavoidable seepage and percolation in maintaining a saturated root zone during the 

crop growth period (Guerra et al. 1998). 

From 2005 to 2007, two styles of water management were used in the RRD: (i) 

Continuous flooding (CF) and (ii) alternate wetting and drying irrigation (AWD). The 

research results shown in Table 1 indicate that the ET of AWD and CF differed 

significantly. 

Seasonal evapotranspiration ranged from 199 to 403 mm and depended strongly 

on N level, but little on water regime. The range of total evapotranspiration also reflects 

differences in the observed length of the growth season (varieties). 

Water use and rice yield 

The relationship between yield and water input is investigated in Fig. 1. 

Yield refers to rough grain yield, and water input is the sum of effective rainfall 

and irrigation applications from transplantation to harvest. The vegetative stage of 

growth is defined as the period from transplantation to panicle initiation, and the 

reproductive stage from panicle initiation to harvest. 

Fig. 1 gives the yield and water input from HAU field experiments from 2005-

2007 with fitted production curves. Traveling from right to left along the production 

curve quantifies the effect of water saving from the reference ponded water treatment 

and its consequence on yield. Initially, water savings results in decreased SP 

(percolations and seepage) and evapotranspiration. Water-saving irrigation treatments 

that continuously kept the soil just at saturation, or allowed for only 1 day of soil drying 

before re-applying a shallow layer of water, were particularly effective in reducing 

water input while maintaining high yield levels. For 12 treatments, the water savings 

were 19% (±6.8% S.D). To obtain the same the yields, water input ranged from 520 to 

570 mm for AWD and 570 to 620 mm for CF. Alternate wetting and drying irrigation 

reduced irrigation by only a small amount (maximum 100 mm for spring rice and 50 

mm for summer rice) compared with CF. However, the savings from AWD may have a 

significant impact on the total amount of water saved when extrapolated to the whole 

rice ecosystem. In the RRD, lowland rice grows on more than 70% (1.2 million ha) of 

the irrigated land. Freeing only a small portion of the water from rice areas can have 

large societal and environmental effects if this water is used for urban, industrial, or 

environmental purposes. A 50% reduction in water used for rice irrigation would free up 

500 million m
3

 of water annually. 

Changes in ponded water depth and fertilizer application result in a relatively 

large range of yields, from 2 to 7.8 ton/ha
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Fig. 1. Relationship between water input and rice yield

Impact of water and fertilizer management on NO
3

-

 and NH
4

+

Ammonia volatilization from the application of urea fertilizer is the major 

pathway of N loss in flooded rice systems, often causing losses of 50% or more of the 

urea-N applied in tropical rice transplantation. The magnitude of ammonia volatilization 

largely depends on climatic conditions and the method of N fertilizer application.  

When water supply is changed, the oxygen concentration in the soil is affected 

most. Changes in the oxygen concentration change the chemical properties of the soil. 

Moreover, fertilizer transformation in the soil depends on water supply and fertilizer 

type. During the growth period of rice plants, fertilizers will accumulate in NO
3

-

 form if 

the soil is airy. The results indicate that the inorganic form had increase a great deal in 

the second sampling (March 31, 2007); NO
3

-

 concentration increased from 3.4 mg/kg to 

4.6 mg/kg. 

In all treatments, the fertilizer concentrations increased and reached a maximum 

on March 31, 2007, and subsequently decreased. The level of increase differed by 

treatment type. For example, NO
3

-

 increased from 1.3 mg/kg to 3.4 mg/kg in traditional 

water supply (CFp1), and from 1.3 mg/kg to 4.3 mg/kg in AWDp1. The cause of the 

change is the degradation of organic fertilizers when temperature increases during the 

spring. Moreover, it came from inorganic fertilizers, especially compressed fertilizers, 

because not much fertilizer is lost due to evaporation, so the concentration of NO
3

-

increased most in the treatment of the modern water supply with 4.6 mg/kg and 

decreased strongly to 0.5 mg/kg (AWDp2). The above data show that the difference 

between two water supply regimes in the same moment is not significant. The change is 

from about 1.3 mg/kg NO
3

-

 to 3.4 mg/kg for the traditional water supply mode and from 

1.3 mg/kg NO
3

-

 to 4.3 mg/kg for the AWD mode (Fig.2). 

Similarly, when water is plentiful, fertilizers accumulate mostly in the form of 

NH
4

+

. Fertilizer concentration increased differently between different water supply 

modes and fertilizer forms. For the same fertilizer form (treatment CFp1), fertilizer 

concentration increased from 26.2 mg/kg NH
4

+

 to 33.2 mg/kg NH
4

+

, while fertilizer 

concentration decreased from 16.7 mg/kg NH
4

+

 to 8.2 mg/kg for the AWDp2 treatment 

(Fig.3). This means that water supply and the use of compressed fertilizers will decrease 

metal emission in the air. ���
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Conclusion and Recommendations 

Conclusion

• Water resources in the RRD at the present time are sufficient for agricultural 

production, but run the risk of water scarcity in the near future due to 

contamination, competition with other economic sectors and climate change. 

• Changes in rice cultivation water management are necessary for saving water, 

increasing rice yield, and contributing to living environmental protection. 

• Application of the water-saving irrigation method of alternately flooding and 

saturating saved 720-802m
3

/ha in the dry season and 250 m
3

 in the wet season, 

whereas it did not reduce the rice yield. 

• NO
3

-

 and NH
4

+

 in the soil layer depend on the water and fertilization system:  

NO
3

-

 increased from 1.3 mg/kg to 4.6 mg/kg for the AWDp2 mode and from 

1.3 mg/kg NO
3

-

 to 0.2 mg/kg for the CFp1 mode.

NH
4

+

increased from 26.2 mg/kg to 33.2 mg/kg for CFp1, while fertilizer 

concentration decreased from 16.7 mg/kg NH
4

+

 to 8.2 mg/kg for the AWDp2 

treatment. ���



Recommendations 

• Cooperate with the programmed “three reductions and three increases” of 

MARD to enact this demo on a large scale. 

• Study proper water-saving irrigation methods for different soil types, seasons, 

and rice varieties. 

• Study cooperation with other interventions such as land-use planning, irrigation 

system-building, knowledge raising, etc. to increase the effect of this method. 
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Abstarct: 

This study was conducted in order to determine the affects of N fertilizer levels (0, 60, 90 

and 120 kg N per ha) on dry matter accumulation (DM) and grain yield in F
1
 hybrid rice 

cultivar (BoiTapSonThanh), improved cultivar (Khangdan 18) and local cultivar 

(KhauSuu) in both spring and autumn cropping seasons. As increasing amounts of N 

fertilizer are applied in both cropping seasons, DM and other related characters such as

number of tiller and leaf area index (LAI) were much higher in the F
1
hybrid than in those 

of  the improved and local cultivars at most active tillering and flowering stages. In 

contrast, leaf N content were much higher in the improved and local cultivar than that in 

the F
1
 hybrid as N levels were increased at the flowering stage in both cropping seasons. 

There were no significant differences in the SPAD reading or specific leaf area in all rice 

cultivars under all N fertilizer levels. When N increased from 90 to 120N in both 

cropping seasons, grain yield significantly increased in the F
1
 hybrid, whereas it was not 

found in improved or local cultivars. In all rice cultivars, nitrogen use efficiency (NUE) 

for the grain yield was higher in the spring season than in the autumn season. In both 

cropping seasons, NUE was higher in the F
1
 hybrid than in other cultivars under all N 

levels. As N fertilizer increased from 60 to 120N, the NUE for grain yield decreased in 

the improved cultivar (from 21.20 to 16.62 in spring season and from 7.97 to 2.39 in 

autumn season) and in local cultivar (from 30.35 to 10.99 in spring season and from 6.86 

to 2.42 in autumn season), whereas it was maintained in the F
1
 hybrids (31.36-27.89 in 

spring and 17.61-19.68 in autumn season). The higher levels of NUE found in the F
1

hybrid rice than in other cultivars in both cropping seasons was attributed to both the 

higher number of panicles and spikelets per panicles. Thus, hybrid rice can contribute to 

sustainable as well as environmental-friendly agriculture in Vietnam using low-input 

cultivation. 
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Introduction 

F1 hybrid has been cultivated in larger areas in Vietnam. In our previous research 

heterosis for morphological and physiological characters of F1 hybrid over parents and 

inbred cultivars (Pham et al., 2003) has been demonstrated. However, most farmers used 

the same methods of N applications for F1 hybrids and inbred rice cultivation.  

Conversely farmers applied vast amounts of N fertilizer during rice cultivation, which 

damages growth at later stages. Some examples of damage are lodging, low grain filling 

rate and reduction of grain yield. Also high N fertilizer application during the early 

growth stage is a cause of disease, insect infestation and environmental pollution.   

Heterosis for grain yield in F1 hybrid rice was mainly due to the heterosis for dry matter 

accumulation (Virmani, 1994; Pham et al., 2004). Also, a large heterosis for 

photosynthesis was mediated by high leaf N content in F1 hybrids. NUE in rice plants 

was reported to be higher in subtropical than in tropical condition (Sinclair and Horie., 

1989; Jing et al., 1998). Therefore, in order to determine the NUE of photosynthetic and 

agronomic characters in F1 hybrid, inbred and local cultivars, it is important to create a 

method for rice cultivation under low-input conditions. 

Materials and Methods 

3 rice cultivars including 1 F1 hybrid rice (Boi Tap Son Thanh), 1 improved rice (Khang 

Dan 18) and; 1 local cultivar (Khau Suu). 

The experiment was conducted using 4 different levels of nitrogen fertilizer 

(0:60:90:120 kg/ha at the same base of 90kg P2O5 and 90kg K2O per ha. The experiment 

was laid out in a split - design with three replications. Seedlings of all the rice cultivars at 

4-5 leaf stage were transplanted in the field in both spring and autumn, 2007. 

Measurement:

At the three growth stages (active tillering, flowering and dough-ripening stage) ten 

plants in each plot were randomly sampled for measuring several morphological 

characters. For example, the leaf area was measured with an automatic area meter (ANA, 

GA45, Japan) immediately after sampling. The whole-plant dry matter weight was 

measured after oven drying at 80°C to a consistent mass.  

At the flowering stage, the chlorophyll content (SPAD) of two flag leaves of the 

sampled plants was measured  using SPAD, Monrota 502, Japan. The leaf N content was 

then dried and analyzed using the Keldal method. The grain yield and yield components 

of ten randomly selected plant of cultivar were assessed. The number of spikelets and  

filled grains/panicle of three randomly selected panicles of each plant was determined. 

Data analysis: Data was analyzed using the ANOVA method in the SAS system. 

 Nitrogen use efficiency (NUE) was calculated as a formula; 

- NUE for chlorophyll content = SPAD/leaf N content 

- NUE for grain yield = grain yield of N applied- grain yield of non-N/ kg N applied. 

Results and Discussion 

Affection of N fertilizer on LAI 

Even though the N fertilizer LAI increased in all rice cultivars during the active 

tillering and flowering stages, the increased value was much higher in the hybrid (1.39-���



3.22 and 2.08-3.43 in spring and autumn)  than in both of the improved (1.09- 2.53; 2.03- 

2.67)) and local cultivars (1.38-2.78; 1.97-2.67) (Table1). As N was increased from 0 to 

90, the LAI also increased in all rice cultivars in both the flowering and dough-ripening 

stage. However in spring, the levels of 90 N to 120 N, LAI significantly increased only in 

the F1 hybrid. This proved that the F1 hybrid rice absorbed a greater amount of nitrogen 

for leaf development than other cultivars at the early growth stage (Yang et al., 1999; 

Pham et al., 20003). In autumn, the LAI did not significantly increase in the F1 hybrid at 

120 N level, which might be due to bacterial leaf blight disease (unpublished data) and/or 

high amounts of N from the soil (Hasegawa et al., 2000). 

Table 1: Affection of N fertilizer on LAI in rice cultivars at different growth stages 

in spring and autumn season 

Cultivars N 

fertilizer  

(kg N 

ha
-1

)

Active tillering 

stage 

Flowering stage Dough-ripen stage

    

Spring 

season 

Autumn 

season 

Spring

season 

Autumn

season 

Spring 

season 

Autumn 

season 

F1 hybrid 0 1.39 2.08 2.01 3.21 1.62 2.25 

 60 2.55 2.88 3.43 4.15 2.74 2.71 

 90 2.86 2.98 4.12 4.46 2.96 3.24 

 120 3.22 3.43 4.68 4.89 3.53 2.96 

  Average 2.51 2.84 3.56 4.15 2.72 2.79 

Improved 0 1.09 2.03 2.11 2.61 2.04 2.66 

 60 1.86 2.14 3.11 3.73 2.24 2.99 

 90 2.28 2.36 3.48 3.97 3.02 2.33 

 120 2.53 2.67 3.69 4.12 3.01 3.01 

  Average 1.94 2.3 3.59 3.61 2.58 2.75 

Local 0 1.38 1.97 1.64 2.60 2.02 3.09 

 60 2.53 2.64 3.75 3.95 2.87 2.94 

 90 2.74 2.58 3.53 4.43 2.72 3.39 

 120 2.78 2.67 3.95 4.34 2.61 3.62 

 Average 2.35 2.47 3.21 3.93 2.58 3.26 

LSD   0.43 0.49 0.51 0.74 0.54 0.79 

Affects of N fertilizer on Leaf N and SPAD 

In both cropping seasons, the leaf N content value increased in all cultivars with higher N 

fertilizer applied at the flowering stage (Table 2). In spring, the increase was much 

greater in both hybrid rice (22.50-25.65) and local rice (16.56-22.04) than in improved 

rice (20.34-21.95). The increase was the greatest in improved rice in autumn. In both ���



cropping seasons, there were no significant differences in the SPAD value of any of the 

cultivars (Table 2) despite fertilizer levels being increased from 60 to 120N. 

  In general, as N levels were increased from 0 to 120kg/ha, the NUE for 

chlorophyll decreased in all rice cultivars, the hybrid (1.71-1.59 in spring season and 

1.63-1.46 in autumn season); improved cultivar (2.20-1.81 in spring and 1.49-1.57 in 

autumn); and improved rice (1.57 to 1.42 in 2.02 -2.00 in autumn season) (Table 2). The 

NUE for chlorophyll of all the cultivars was higher in spring than in autumn, due to both 

the longer growth duration (data unpublished) and either the lower temperatures or 

rainfall  in spring (Edward et al., 1998; Hasegawa, 2000). 

Table 2: NUE for chlorophyll in rice cultivars at flowering stage  in spring and 

autumn season 

Cultivars N 

fertilizer  

(kg N 

ha
-1

)

Leaf N (mg/100) SPAD Value NUE for 

chlorophyll 

(SPAD/leaf N) 

Spring 

season 

Autumn 

Season 

Spring 

season 

Autumn 

Season

Spring 

season 

Autumn 

Season

F1 hybrid 

0 22.50 23.62 35.2 38.53 1.71 1.63 

60 22.92 27.03 38.5 39.82 1.74 1.47 

90 25.00 26.90 38.2 40.24 1.61 1.49 

120 25.65 27.97 38.2 40.96 1.59 1.46 

Average 24.02 26.38 37.5 39.94 1.66 1.51 

Improved 

0 20.34 24.84 40.36 39.10 1.92 1.57 

60 20.25 27.38 41.73 40.95 2.02 1.50 

90 21.60 28.46 41.91 43.27 2.00 1.52 

120 21.95 29.24 43.28 41.50 1.89 1.42 

Average 21.03 27.48 42.45 41.33 1.96 1.50 

Local 

0 16.56 24.41 35.37 36.4 2.20 1.49 

60 20.86 27.06 37.24 37.6 1.80 1.39 

90 22.89 26.26 37.16 38.4 1.68 1.46 

120 22.04 27.17 37.18 39.9 1.81 1.47 

Average 18.71 26.23 36.76 38.1 1.87 1.45 

LSD 0.05 2.72 1.13 1.71 1.9 ���



Affects of N fertilizer on Dry Matter Accumulation: 

Dry matter accumulation (DM) in all of the cultivars increased along with 

increasing N levels of 0 to 90N during the active tillering in both cropping seasons (Table 

3). As higher N levels were applied (90-120N), the DM value increased from 3.12 to 3.96 

in hybrid rice. In contrast, it decreased from 3.46 to 3.45 in improved cultivars and from 

3.67 to 3.08 in local cultivars in spring. However, in autumn the value decreased in both 

hybrid rice (6.65-6.01) and improved rice (6.50-4.49), but increased in local cultivars 

(4.98-5.37) (Table 3). 

At the flowering stage, higher levels of N caused an increase of DM in all 

cultivars in both cropping seasons. However, as N levels were increased from 90-120N, a 

significant increase was only observed in hybrid rice (14.72 -16.24) in spring, and in 

local cultivars (14.91-16.84) in autumn. 

At the dough-ripening stage, as N levels were increased from 90-120N, the DM 

accumulation decreased in local cultivars (19.24-18.56 in spring and 21.19-20.98 in 

autumn). Conversely, DM increased in improved rice in both seasons (19.18-21.52 in 

spring and 18.28-20.50 in autumn) (Table 3). This was due to the longer growth duration 

and early growth stage and possibly the greater root system development (Saitoh et al., 

2000; Kobayashi et al., 1995). 

Table 3: Affects of N fertilizer on dry matter accumulation in rice cultivars at 

different growth stages (g plant
-1

) in spring and autumn 

Cultivars

N fertilizer  

(kg N ha
-1) Active tillering 

stage Flowering stage 

Dough-ripening 

stage 

Spring Autumn Spring Autumn Spring  Autumn 

F1 hybrid 

0 1.65 4.05 8.53 13.61 11.91 18.05 

60 3.02 5.31 11.95 15.67 17.77 18.70 

90 3.12 6.65 14.72 14.84 19.07 20.99 

120 3.96 6.01 16.23 15.15 21.36 18.98 

Average 2.94 5.53 12.86 14.82 17.53 19.18 

Improved 

0 1.55 3.38 8.37 9.67 12.83 17.14 

60 3.21 5.11 12.27 11.45 16.50 18.73 

90 3.46 6.50 13.54 11.10 19.18 18.28 

120 3.45 4.94 14.43 12.39 21.52 20.5 

Average 2.92 4.98 12.15 11.65 17.51 18.66 

Local 

0 1.63 3.74 7.92 9.74 12.66 18.42 

60 2.69 5.09 13.73 15.63 19.41 19.03 

90 3.67 4.98 14.08 14.91 19.24 21.19 

120 3.08 5.37 14.29 16.84 18.56 20.89 

Average 2.77 4.8 12.5 14.28 17.47 19.88 

LSD0.05   0.52 0.58 1.48 1.42 1.64 1.51 ���



Affects of N fertilizer on grain yield and nitrogen use efficiency: 

As N levels were increased from 0 to 90N, the number of panicles significantly 

increased in all rice cultivars in both cropping seasons as well (Table 4a, 4b). In the case 

of higher N levels (120N), a significant increase was only observed in F
1
 hybrid in spring, 

which indicates that F
1
 hybrid rice requires greater amounts of N for tillering in spring. 

Without N application, the number of panicles in all cultivars is higher in spring than in 

autumn (Table 4a, 4b). 

Generally, the greater the amounts of N are applied the greater the decrease of 

filled grain rate in all cultivars for both cropping seasons (Table 4a, 4b). In particular, the 

increase was greater in hybrid rice during autumn (73.6-65.6) compared to spring (94.0-

91.7) (Table 4a , 4b). 

As N levels were increased to 90N, grain yield also increased in hybrid rice. As N 

levels were increased to 120N, the grain yield became significantly higher in hybrid rice. 

Meanwhile, there was a tendency to decrease grain yield in improved rice in spring and in 

local rice in both seasons. The increase in grain yield in hybrid rice was higher in spring 

(30.1-64.5) than in autumn (34.1-57.7) (Table 4a, 4b). This was caused by both a higher 

number of panicles per hill and a larger number of spikelets per panicle. 

Table 4a: Affects of N fertilizer on yield components, grain yield and NUE of rice 

cultivars in spring season   

Cultivars N 

fertilizer 

(kg N 

ha
-1

)

Number 

of

panicle 

per m
2

Number 

of

spikelets 

per 

panicle 

Grain

filling

(%) 

1000 –

grain 

weight 

(g) 

Grain

yield 

(100 kg 

ha
-1

)

NUE 

(kg 

grain/

kgN) 

F1 hybrid 

0 157.3 126.5 94.0 21.5 30.1 -

60 248.0 137.1 93.0 20.8 49.8 31.3 

90 280.0 159.9 92.5 20.2 58.5 30.6 

120 312.0 163 91.7 20.0 64.5 27.9 

Average 249.3 146.2 92.8 20.6 51.2 30.2 

Improved 

0 141.3 159.2 94.4 19.8 32.3  - 

60 194.7 165.2 93.9 19.3 45.3 21.2 

90 224.0 152.7 95.2 19.2 49.0 18.3 

120 232.7 178 94.2 18.9 52.3 17.0 

Average 198.2 163.5 94.4 19.3 45.0 18.8 

Local 

0 152.0 157.6 91.7 20.9 35.2 -

60 234.7 183.4 92.1 20.6 55.5 33.8 

90 236.7 179.8 90.4 20.5 51.6 18.2 

120 213.3 194.4 84.9 19.9 48.5 11.0 

Average 209.2 178.8 89.8 20.5 47.7 21.0 

LSD0.05   29.2 24.5 2.7 0.5 5.9 ���



Table 4b: Affects of N fertilizer on Yield components, grain yield and NUE of rice 

cultivars in autumn season   

Cultivars N 

fertilizer  

(kg N 

ha
-1

)

Number 

of

panicle 

per m
2

Number 

of

spikelets 

per 

panicle 

Grain 

filling

(%) 

1000 –

grain 

weight

(g) 

Grain 

yield 

(100kg 

ha
-1

)

NUE (kg 

grain/kgN)

F1 hybrid 

0 194.7 172.8 73.6 21.2 34.1 -

60 224.0 201.6 63.1 21.0 44.8 17.6 

90 240.0 210.6 64.7 21.1 49.7 17.1 

120 237.3 224.3 65.6 20.7 57.7 19.7 

Average 224.0 202.3 66.8 21.0 46.6 18.1 

Improved 

0 176.0 201.5 84.9 18.6 38.3 -

60 224.0 206.2 80.8 18.6 48.5 8.0 

90 198.7 207.0 78.9 19.1 49.4 10.0 

120 240.7 209.0 76.8 18.2 45.3 2.4 

Average 209.8 205.9 80.4 18.6 45.4 6.8 

Local 

0 189.3 201.9 81.5 20.2 41.3 -

60 210.7 217.7 77.7 19.9 45.0 6.9 

90 229.3 210.2 77.3 19.6 47.5 7.2 

120 218.0 205.0 79.4 18.8 44.2 2.4 

Average 211.8 208.7 79.0 19.6 45.1 5.5 

LSD0.05   11.0 27.2 6.7 1.3 6.1 

NUE for grain yield was higher in hybrid rice than in local and improved rice in 

both cropping seasons. As levels of N were increased, the NUE for grain yield 

significantly decreased in both improved and local rice in both seasons. Whereas while it 

was maintained in F
1
 hybrid rice, it increased in spring season. These facts indicate that 

F
1
 hybrid rice demonstrated greater NUE in comparison to other cultivars at all N levels, 

especially in spring season. This correlated to previous reports (Jing et al., 1998; Wada 

and Cruz, 1989; Pham et al., 2003). Nitrogen fertilizer applied in this study was at lower 

than normal levels of N in F
1
 rice cultivars in Vietnam, therefore, it is necessary to use F

1

hybrid rice in low - input conditions. 

Conclusion 

1. As N fertilizer was increased from 90 to 120N in both cropping season, grain yield 

significantly increased in the F1 hybrid, but not in improved or local cultivars. 

2.  In all rice cultivars, nitrogen use efficiency (NUE) for the grain yield was higher in 

the spring than in autumn. In both cropping seasons, NUE was higher in the F1 

hybrid than in other cultivars under all N levels. ���



3.  As N fertilizer increased from 60 to 120N, NUE for grain yield decreased in the 

improved cultivar (from 21.20 to 16.62 in spring and from 7.97 to 2.39 in autumn) 

and in local cultivars (from 30.35 to 10.99 in spring season and from 6.86 to 2.42 in 

autumn season), whereas it was maintained in the F1 hybrids (31.36-27.89 in spring 

and 17.61-19.68 in autumn).  

4. The higher NUE in the F1 hybrid rice than in other cultivars in both cropping 

seasons was attributed to both the higher number of panicles and number of 

spikelets per panicle.    
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Necessity of the Establishment of a Research Network for the 

Improvement of Horticultural Crop Production 

Hiroshi Okubo 

Laboratory of Horticultural Science, Faculty of Agriculture, Kyushu University, 6-10-1 

Hakozaki, Higashi-ku, Fukuoka 812-8581 Japan 

Tel/Fax: +81-92-642-2827, e-mail: hokubo@agr.kyushu-u.ac.jp 

Abstract

 Rice production constituted 48% of total agricultural production (in JPY) in Japan 

in 1960. This figure decreased to 26% in 2003, while horticultural crop production 

increased from 15% in 1960 to 37% in 2003. It is expected that the similar changes may 

accompany the development of the economy in Vietnam in the near future. Vietnam 

needs therefore to establish its own domestic cultivars, culture methods and research 

network to enable the growth of horticultural crop production. 

Keywords

horticulture, breeding, protected cultivation, soil-less culture 

 This paper describes changes in agricultural production in Japan over the past 50 

years, predicts that similar changes may occur in the near future along with economic 

growth in developing Asian countries, and discusses what these countries need to enable 

these changes to take place in the future. 

Fig. 1. Changes in agricultural production in Japan. 

 Total agricultural production in Japan in 1960, 47 years ago, was 1,914.8 billion 

yen, of which rice production constituted 48% (Figs. 1-2). Horticultural crop production 

constituted 15%, less than 1% of which was floriculture, of total production. 

Horticultural crop production in Japan increased every year, and in 1983 and 2003, it 

occupied 28% and 37% of production, respectively, while rice production decreased to 

33% of the total agricultural production of 11,629.5 billion yen in 1983 and to 26% of 
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the total agricultural production of 8,901.1 billion yen in 2003. Within horticultural crop 

production, the increase in floricultural crop production was notable, although the total 

was still small. Similar changes in agricultural production are expected to accompany 

economic development in countries such as Vietnam. 
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Fig. 2. Ratios of agricultural products in Japan in 1960, 1985 and 2003. ���



 Examining recent floriculture in Japan, the production of cut flowers for ten 

among the top twelve species decreased between 1998 and 2003 (Table 1). Bulb (tulip 

and lily) and corm (gladiolus) production also decreased during the same period (Table 

2).

Table 1. Cut flower production in Japan in 1998 and 2003. 

 Area (ha) Production (x 1,000 pieces) 

 1998 2003 1998 2003 

Chrysanthemum 6,190  5,955 2,002,000 1,940,000 

Lily 836 892 207,600 192,600 

Rose 606 540 475,700 414,200 

Gentian 680 508 108,500 94,700 

Eustoma 467 459 130,700 120,400 

Carnation 519 450 527,000 461,100 

Gypsophila paniculata 439 355 92,900 80,900 

Limonium  315 248 134,100 126,700 

Orchid 232 207 30,200 26,900 

Gerbera 106 105 152,000 187,400 

Alstroemeria - 105 - 72,300 

Tulip 115 98 100,400 80,000 

Table 2. Bulb and corm production in 1998 and 2003 

Area (ha) Production (x 1,000 bulbs)

1998 2003 1998 2003

Tulip 467 318 93,500 60,400

Lily 272 141 45,500 26,200

Gladiolus 110 46 68,800 25,700

 The decrease in cut-flower production over the last ten years has been offset by 

import conducted to satisfy Japanese consumer demand. The increase in the import of 

cut roses between 1995 and 2004, for example, is notable (Table 3), and imports from 

Vietnam ranked in the fourth position. The fact imports from the Netherlands decreased 

during the same period may suggest a further increase in the import of cut flowers from 

Asian countries. As shown in Tables 4 and 5, many Asian countries currently export cut 

flowers to Japan. 

Table 3. Import of cut roses in 1995 and 2004 

Country No. of stems (million)

1995 2004

India 3.23 38.41

Korea 0.04 21.96

Netherlands 16.59 4.72

Vietnam 0.00 3.29

Ecuador 0.02 2.79

Kenya 0.44 2.54

China 0.00 2.53

Columbia 0.05 1.36���



Table 4. Import of cut chrysanthemums in 2003 

Country No. of stems (million)

Malaysia 36.4

Korea 22.9

China 15.4

Taiwan 13.5

Vietnam 6.4

Netherlands 4.0

Others 2.4

 The total area of ornamental production in Japan in 2002 was 43,458 ha, of which 

27.7% was production in greenhouses. Particularly, 100% of gerberas, 99.8% of roses 

and carnations, 99.5% of orchids, and 96.2% of tulips for cut flowers, and 100% of 

orchids and cyclamen for potted plants, are cultivated under protection. Such an 

increase in greenhouse production of horticultural crops may occur in the near future in 

Vietnam. An observation conducted in December 2006, showed the beginnings of 

structured horticultural crop production in a suburb of Hanoi (Fig. 3). In this area, 

gerberas and chrysanthemums were grown in plastic and netted houses, respectively. In 

the same area, carnations, roses and lilies were also grown, but in open fields (Fig. 4). 

Soil-less culture is also increasing in Japan. For example, 38% of tomatos and 29% of 

strawberries are grown in soil-less culture. Because soil-less culture has some 

advantages, it will also gain acceptance in Vietnam in future production systems. 

�

Fig. 3. Gerbera cultivation in plastic houses (top left and right) and chrysanthemum 

cultivation in a netted house (bottom) near Hanoi (2006) 

Table 5. Import of cut carnations in 2004 

Country No. of stems (million) 

Columbia 91.58 

China 37.42 

Vietnam 4.88 

Turkey 3.75 

Sri Lanka 2.23 

Others 2.08 
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Fig. 4. Carnation (top left), rose (top right) and lily (bottom) cultivation in open fields 

near Hanoi (2006). 

However, most of the seeds and bulbs used for the production of vegetables and 

flowers in Vietnam are regrettably imported from other countries, and not domestically 

produced. Vegetable and ornamental breeding, unlike rice breeding, are not performed 

extensively here. It is urgently necessary to establish breeding systems among 

universities and agricultural research institutions throughout the country. Foreign seeds 

are not always suitable for domestic production, as climate, soil, etc. differ by region.

Nationwide breeding networks and culture systems are urgently needed for the 

improvement of horticultural crops.
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Investigation on direct seeding for TGMS seed multiplication 

Hoan Dang Dung, Vu Van Liet, Nguyen Van Hoan, Vu Hong Quang 

Hanoi University of Agriculture

Abstract

 The production of two-line rice hybrids involves two major steps: Multiplication of 

EGMS lines and hybrid rice seed production. Each of these steps requires specific 

environmental conditions for seed production. Thermosensitive genic male sterility (TGMS) 

in rice is a widely adopted technique for successful hybrid rice production in Vietnam. The 

difficulties of multiplication TGMS in Vietnam include: 

- Seeding and transplanting in low temperatures (special transplanting duration) 

- The weather is very variable. 

 An experiment was carried out to examine the direct seeding method and traditional 

transplanting practice for 103s lines of seed multiplication. The experiment was laid out in a 

random complete block design with three replications. The experiment involved three levels 

of seeds (20, 30 and 40 kg ha
-1

) and four instances of seeding (25
th

November, 2
nd

 December, 

9
th

 December and 16
th

 December). Preliminary results revealed that direct sowing appeared to 

be more advantageous than transplanting in terms of labor input, diseases, and insect pests. 

The best time for seeding was December 2-9, with 30 kg seed per hectare (the yield from this 

treatment was 2.1 tons ha
-1

).

1. Introduction 

The two-line system for hybrid breeding is more efficient than the three-line system 

for exploiting heterosis in rice to increase the yield per unit area. EGMS lines are multiplied 

in three ways: in the autumn season, in the winter season, and under cool-water irrigation. 

Thermosensitive genic male sterility (TGMS) in rice is a widely adopted technique for 

successful hybrid rice production in Vietnam. The difficulties of  multiplication TGMS in 

Vietnam include: 

- Seeding and transplanting in low temperatures (special transplanting duration) 

- The weather is very variable. 

 Techiques for high - yield seed multiplication are most important for reducing the 

prices of F1 seeds. This paper provides the results of reseach on direct seeds for the 

multiplication of TGMS lines. 

2. Materials and Methods 

 Research on the direct-seeding of pure line 103s, with three seeding rates (2.0, 3.0, and 

4.0 grams per square meter) and four seeding times (25
th

November, 2
sd

 December, 9
th

December and 16
th

 December), was conducted as follows: 

 The experiment was laid out in a randomized complete block design with three 

replications. Plot size was 10 m
2

.

 Characteristics observed: 

 - Morphogromonomic, fertility, insect tolerance, and disease characteristics ���



3. Results and Discussion 

3.1 Effect of low temperature on density after germination 

Figure 1: Plant density as a function of 

seeding date and seeding rate (sowing 

date: 25
th

November)

Figure 2: Plant density as a function of 

seeding date and seeding rate (sowing 

date: 2
nd

December) 

Figure 3: Plant density as a function of 

seeding date and seeding rate (sowing 

date: 9
th

December) 

Figure 4: Plant density as a function of 

seeding date and seeding rate (sowing 

date: 16
th

December) 
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The dates for figures 1-4 show that after seven days of sowing, all treatments had the 

first leaf on the main tiller. The density averages were 70 plants per square meter in 20 kg ha
-1

,

101 plants per square meter in 30 kg ha
-1

, and 140 plants per square meter in 40 kg ha
-1

.

However, after germination, plants died from the cold and demonstrated difficulties with 

certain seeding dates. Nevertheless, plants with three leaves on the main column had lower 

death rates. The density from the seeding period December 2-9 was higher than those from 

the other seeding dates.

3.2 Effect of seeding rate and seeding date on fertility characteristics of 103
S

line

Figure 5: Temperature fifteen days before 

flowering as a function of time 

Figure 6: Fertility rate of 103s as a 

function of flowering date 

Figure 7: Temperature as a function of time during the flowering period 
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The temperature 15-20 days before flowering affected the fertility rate.  The period 

from 25 to 31 March had temperature higher than 24
0

C, shows that the fertility rate decreaded. 

 Figure 6 shows that the fertility rate increased with the flowering date. The period 

from March 30
th

to April 7
th

 had the highest fertility rate. 

 Figure 7 shows that the period from 5
th

 to 11
th

 April had low temperature and not good 

for flowering and decreased seed setting rate. 

3.3 Effect of seeding rate and seeding date on yield and components 

Table 1: Effect of seeding rate and seeding date on components - yield  

Treat. 

Characters 

Plants per 

square

meter 

Effective 

tillers 

Seed setting 

panicle--
1

Grains

panicle--
1

Seed setting 

rate(%)

1000 – 

grains

weight (g) 

25
th

 Nov – 20 kg ha
-1

40.0 3.0 62.2 124.3 50.0 21.2 

 25
th

 Nov – 30 kg ha
-1

62.0 2.9 49.8 113.2 44.0 21.4 

25
th

 Nov – 40 kg ha
-

65.0 2.6 51.3 122.1 42.0 21.7 

2
sd

 Dec – 20 kg ha
-1

46.0 3.1 66.1 127.1 52.0 20.8 

2
sd

 Dec – 30 kg ha
-1

56.0 3.1 56.2 110.1 51.0 21.6 

2
sd

 Dec – 40 kg ha
-1

63.0 2.7 54.1 115.0 47.0 21.5 

9
th

 Dec – 20 kg ha
-1

35.0 4.0 57.4 127.5 45.0 21.4 

9
th

 Dec – 30 kg ha
-1

33.0 4.2 70.7 128.6 55.0 21.0 

9
th

 Dec – 40 kg ha
-1

47.0 4.3 47.6 116.0 41.0 21.3 

16
th

 Dec – 20 kg ha
-1

31.0 3.0 60.0 130.5 46.0 20.9 

16
th

 Dec – 30 kg ha
-1

41.0 3.1 49.4 112.2 44.0 21.3 

16
th

 Dec – 40 kg ha
-1

58.0 2.7 48.0 120.1 40.0 21.5 

 Seeding date affected plants per square meter. With 20 kg ha
-1

, the seeding date of 

November 25
th

 had the highest density (40 plants per square meter), which was the same at 

other seeding rates. The number of plants decreased when seeding date was later (after 

December 9
th

).

 Effective tillers: The number of effective tillers differed between the treatments 

(seeding date and seeding rate). The number of effective tillers was highest when sowed 

between December 2
sd

 and 9
th

.

 Seeding setting panicle
-1

: Aside from the fertility rate , the number of seeding settings 

panicle
-1

 was decreased by the temperature of flowering duration. The seeding date 

9
th

December and 40 kg ha
-1

 was the highest seeding setting and seeding setting rate. 

Table 2: Effect of seeding rate and seeding date to seed product 

Time seeding (T) 

Seeding rate (s) 

20 kg ha
-1

 30 kg ha
-1

 40 kg ha
-1

 T-mean 

25
th

 Nov 1,6 b 1,9 a 1,9 ab 1,80 b 

2
sd

 Dec 2,0 a 2,1 a 2,0 a 2,03 a 

9
th

 Dec 1,7 ab 2,1 a 2,0 a  1,93 ab ���



16
th

 Dec 1,2 c 1,3 b 1,6 b 1,36 c 

S-mean 1,62 1,85 1,87 1,78  

CV% 10

LSD5% (T*S-mean) 0,302

LSD5% (T-mean) 0,174

LSD5% (S-mean) 0,151

    In a column, means followed by a common letter are not significantly different at the 5% 

level by DMRT.    

 The resultsof table 2 show that: The yield was different between treatments. The best 

time for seeding is December 2 – 9 with 30 kg seed per hectare (the yield of treatment is 2,1 

tons ha
-1

).

4.  Conclusion 

 As a result, we came to the following conclusion: 

- The time of best seeding is 2 – 9/12 with 30 kg seed per ha; 

- The direct sowing appeared to be more advantageous than transplanting in term of 

labor input, diseases and insect pests. 
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Abstract  

The System of Rice Intensification (SRI) have been tested in both experiment station 

condition and farmer’s fields in Thai Nguyen and Bac Giang provinces since Spring 2004. 

Its performances and advantages have been shown constantly in these conditions and 

accoordantly with those in other 20 countries. SRI promotes a ‘living’ soil and potential 

of rice genetics that have been restricted by conventional farm practices. As result, by 

applying SRI healthier rice plant was encouraged and higher yield was gained. SRI also 

affects positively on both conventional and hybrid rice varieties, but yield performance of 

hybrid variety is better than that of conventional one. These are evident to evaluate bright 

prospective of SRI in the Northern-midland region of Vietnam. The study also suggests 

the need of modifying present packages of rice cultivation techniques in the region, 

which emphasizes sound management practices of rice cultivation, will bring healthier 

soil and rice plants to gain higher and more sustainable yield and environment will be 

protected.      
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Some new technology for the reduction of production costs and elevated 

effectiveness in using resources for rice intensive cultivation 

Chu Anh Tiep, Nguyen Tat Canh and Nguyen Van Dung 

Department of Farming systems and Irrigation, Faculty of Land and Environment,  

Hanoi University of Agriculture, Vietnam  

Abstract 

Rice intensive cultivation has a high production cost, so sensible and highly 

effective technology is urgently needed. Putting pellets of fertilizer in deep placement, 

saving water irrigation and transplanting young rice with wide spaces, all play a part in 

saving 30 – 35% fertilizer of urea, 30% - 50% the volume of water irrigation and 25 – 

50% of the volume of rice seed. The result is a 10 – 20% reduction in production costs 

and a 10 – 20% increase in rice yield as compared to traditional cultivation. 

Key Words 

Rice cultivation, Rice intensive cultivation, Fertilizer, Water irrigation, 

Transplanting, Deep placement 

Introduction 

Located in Southeast Asia, Vietnam is a country with a dense and increasing population 

and decreasing land resources. How to supply enough food for people is an important 

question that we need to answer. 

Wet rice is the main crop being cultivated. From 1990 to 2000, the area and yield of rice 

has increased continuously but since 2000 until the present the crop area has been 

decreasing gradually and the yield is slowly increasing. Total of crop output in 2005 was 

39.5 Mt in which rice production was 35.7 Mt.  

Water demand for wet rice is very high. In Vietnam the water amount needed for the 

irrigation of wet rice from transplanting to harvesting is 6,000-7,000m
3

 per ha for the 

spring crop and 4,500-5,500m
3

 per ha for the main crop (source: Irrigation Depart., 2004). 

The total amount of irrigation water for rice is very high but the fresh water resource is 

decreasing. Thus it is now necessary to introduce a suitable method of water management 

in order to improve the water-use efficiency of rice cultivation. 

Rice transplanting is popular in the North of Vietnam. Transplanting has some 

advantages compared to rice seeding such as concentration in rice cultivation and plant 

protection; limitation of harm caused by fish, crabs, birds, mice or unfavorable weather; 

weed and grass reduction and short time of rice covering. The transplanting easily 

produces a higher yield of rice than direct seeding (Nguyen Van Luat, 2000). 

Since the last years of the twentieth century, rice hybrid technology from China has been 

known all over the world. Rice hybrid races have a substantial adaptive range, high 

resistance and tolerance to negative conditions as well as a very high yield potential. 

Vietnam is the second country who paid more attention to research and development of a ���



rice hybrid. Now we have hybridized many 3 strain-hybrids and 2 strain-hybrids in which 

the trends displaying high yield, good quality and short lifetime are the first preference 

for rice hybrid in Vietnam. 

New rice hybrids with a short lifetime when introduced to normal sowing and 

transplanting will take too much labor power for pulling up seedlings safely, prolonging 

the restoration time, and not promoting a high yield potential for new hybrid races. So 

there is a need to determine the fit age of seedlings and suitable sowing methods for 

hybrid rice production. 

The fertilizer amount used for crops increases quickly (average amount was 59.9 kg 

NPK/ha/crop in 1990 and 172.4 kg/ha/crop in 2003). The excessive use of chemical 

fertilizers contributes to environmental damage and pollution. 

One solution for improving the efficiency of fertilizer use is an application of fertilizer 

capsules and fertilizer in the deposit layer. This method is quickly increasing in rice 

cultivation. On the other hand, cultivation trends are now much more predisposed to the 

use of chemical fertilizer and less to the use organic fertilizer. The ratio between 

chemical and organic fertilizers increases daily which causes a depleted efficiency of 

chemical fertilizer and a negative effect on the environment. 

As a result, the question for rice production now is the need to study and suggest 

rice production innovations such as seed sowing, seedlings, transplanting, fertilizing, 

water management and pest management in order to simplify. There is also a need to 

mechanize rice cultivation, specialize and serve to decrease expense input, improve 

fertilizer efficiency, increase environmental protection and build a sustainable 

agricultural production. 

Materials and Methods 

Choice irrigation methods for saving water 

+ There are 3 experiments for irrigation on three base fertilizers 

– Base 1: No mineral fertilizer transplanted 45 clumps per m
2

.

– Base 2: 120N + 60P
2
O

5
 + 60 K

2
O/ ha (put down fertilizer on ground) and 

transplanted 45 clumps per m
2

.

– Base 2: 90N + 60P
2
O

5
 + 60 K

2
O/ ha (Deep placement of fertilizer, from 5 cm -  7 

cm deep), transplanted 28 clumps per m
2

.

+ Every experiment has three treatments of irrigation:  

–  CF:  traditional irrigation pratices with continous flooding 

–  AWD: Alternate wetting and drying irrigation  

–  FCS. Freshwater Control Saving

+ The experiment on VL20 variety (hybrid rice) and use 10 ton organic fertilizer per 

hectare, and to put random with three replace. 

Choice age of the rice plants to be transplanted for the improvement of rice growth 

and seeding method

+ The experiment has three treatments:  

– T1: used rice plants have from 3-4 leaves 

– T2: used rice plants have from 1,5 - 2 leaves (seeding rice on the mud) ���



– T3: used rice plants have from 1,5 - 2 leaves (Improving rice method )

+ Experiment use 90N + 60P
2
O

5
 + 60 K

2
O/ha (Deep placement of fertilizer, from 5 cm – 

7 cm deep), on base 10 ton organic fertilizer per hectare. 

+ Use of water conservation irrigation method. 

+ Experiment on VL20 variety, transplanted 28 clumps per m
2

and 2 unit of rice seeding 

per clump.

Effecting of deep placement of mineral fertilizer and organic fertilizer to rice yield 

+ Experiment has 2 treatments   

– T1: Use 70N + 60P
2
O

5
 + 60 K

2
O and non organic fertilizer /ha 

– T2: Use 90N + 60P
2
O

5
 + 60 K

2
O and non organic fertilizer /ha  

– T3: Use 70N + 60P
2
O

5
 + 60 K

2
O and 10 ton organic fertilizer/ha 

– T4: Use 90N + 60P
2
O

5
 + 60 K

2
O and 10 ton organic fertilizer/ha 

+ To mix some types of fertilizer (urea, phosphate, potassium fertilizer v.v.) and additive 

and then use a compressor to make pellets. Pellet of fertilizer deep into mud at about 5cm 

– 7cm. Every four clumps of rice per 1 pellet of fertilizer. 

+ Using VL20 variety and age rice plants from 1.5 – 2 leaves and transplanted 28 clumps 

per m
2

.

+ Use water conservation irrigation method. 

The system of rice intensification improvement (SIRI)

+ Test pilot for the system of improved rice intensification with rice tradition on VL20 

variety. 

+ Modern rice cultivation method 

– Use 70N + 60P
2
O

5
 + 60 K

2
O (Deep placement of fertilizer, from 5 cm – 7 cm 

deep) and 10 ton organic per hectare 

– Age rice plants from 1.5 – 2 leaves and transplanted 28 clumps per m
2

.

– Use water saving irrigation

+ Traditional rice cultivation method 

– Use 90N + 60P
2
O

5
 + 60 K

2
O (put down fertilizer on ground) and 10 ton organic 

per hectare 

– Age rice plants from 3 – 4 leaves and transplanted 45 clumps per m
2

.

– Continous flooding in rice cultivation 

Results

Effects of irrigation methods for saving water and rice yield 

Result of two season experiment in summer 2006 and spring 2007 is shown in detail in 

tables 1 and 2. 
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Table 1: Water quantity of irrigation, drain and deep in the rice field 

Unit: mm/ha 

Treatment Irrigation

Irrigation and 

Rain

Deep water

Save in 

Productivity

Summer season, year 2006 

CF 182.61 862.61 361.37 195.40 

AWD 155.22 835.22 330.12 187.40 

FCS 140.30 820.30 339.40 180.20 

Spring season, year 2007 

CF 360.33 591.33 32.00 216.20 

AWD 315.66 546.66 32.00 191.00 

FCS 292.66 523.66 25.00 179.80 

Data in table 1 shows that: amount water for deep placement and productivity between 

three treatments are different. In the three treatments, FCS treatment has an amount of 

deep and production water that is lower than CF and AWD treatment. When comparing 

total amounts of water from rain and irrigation of three treatments, we see that the 

amount of water of CF treatment is higher than AWD treatment from 27.39 mm in 

summer season to 44.67 mm in spring season, higher than FCS treatment from 42.31 mm 

in summer season to 67.67 mm in spring season. Like this, FCS in comparison with CF 

treatment has been saving around 42.31 – 67.67 mm water per rice season. 

Table 2: Effect of saving water irrigation to rice yield 

Treatment

Summer season, 2006 Spring season, 2007 

CF AWD FCS LSD
05

*

CF AWD FCS LSD
05

*

Base 1 1.98 2.11 2.11 0.13 2.13 2.25 2.46 0.40 

Base 2 6.97 6.98 7.08 0.20 7.62 7.15 7.46 0.48 

Base 3 7.06 6.98 7.07 0.18 7.57 7.46 7.34 0.35 

* LSD
05

: mean significance at 5% 

Data in table 2 shows that on every level of fertilizer, different water irrigations have 

effect to the rice yield, but that effect is not higher than mean significance at 5%. New 

irrigation technology saves water without affecting the rice yield. 

Age of the rice plants and the yield 

Three rice seeding methods made two rice plants with 1.5 – 2 leaves and 3-4 leaves. 

Results of the experiments are shown in detail in table 3. 

Data in table 3 shows that: the high of rice plant not different between three methods rice 

seeding. Amount panicles per m
2

 highest in treatment T3 (317 panicles), higher than 

treatment T2 is 7 panicles and treatment one is 38 panicles. Result final effect to rice 

yield, the rice yield highest at treatment T3 (6.32 ton/ha), then treatment T2 (6.12 ton/ha) 

and lowest is treatment T1 (5.68 ton/ha). Like this, two method made young rice plant 

have rice yield the same, it’s higher than method made old rice plant with mean 

significance at 5%. ���



Table 3: Effects’ age of the rice plants to be transplanted to yield 

High of 

plant 

(cm) 

Panicles  

/m
2

Grains 

/

panicle

Non 

seeds 

rate (%)

Weigh of 

1000 

grains (g) 

Yield  

(ton/ha)

T1: rice 3-4 leaves 101.4 276 145 6.18 29.0 5.68  a

T2: rice 1.5 - 2 leaves  99.4 308 136 8.99 28.7 6.12 b

T3: rice 1.5 - 2 leaves  98.1 314 137 7.79 29.0 6.32 b

mean significance at 

5%           0.36 

Use of fertilizer and rice yield 

Fertilizer is a main factor for improving rice yield. Rice intensification has to uses a lot of 

fertilizer. According to Nguyen Tat Canh (2004): put down urea deep placement has been 

saving around 34% fertilizer compared to the put down urea on surface ground and 

improves the rice yield by 15 – 20%.  

This experiment uses put down urea deep placement on two levels 70N + 60P
2
O

5
 + 60 

K
2
O/ha and 90N + 60P

2
O

5
 + 60 K

2
O/ ha and two baselines non-organic and 10 ton 

organic/ha. Resulting data from experiments are shown in detail at table 4.  

Table 4: Effecting of deep placement of mineral and organic fertilizer to yield 

Treatment  Panicles/ 

m
2

Seeds 

/panicle 

Non grain 

rate (%) 

Weigh of 

1000 

seeds (g) 

Yield 

(ton/ha) 

T1 (70N, no Organic) 275 115 4.8 29.0 6.50 

T2 (90N, no Organic) 290 125 5.3 29.4 7.10 

T3 (70N, 10 ton Organic 298 126 5.8 29.3 7.50 

T4 (90N, 10 ton Organic 308 136 6.3 29.3 7.60 

LSD
05

         0.52 

 Data shown in table 4: rice yield gets 7.5 – 7.6 ton/ha while put down organic and gets 

6.5 – 7.1 ton/ha on inorganic, rice yield have seen significant differences at a 70N + 

60P
2
O

5
 + 60 K

2
O/ha level and no significant difference at a 90N + 60P

2
O

5
 + 60 K

2
O/ ha 

level. If put down 70N + 60P
2
O

5
 + 60 K

2
O/ha, rice yield on 10 ton organic was higher 

than no organic, but on 90N + 60P
2
O

5
 + 60 K

2
O/ha, rice yield doesn’t have a difference 

between organic and inorganic. So put down 70N + 60P
2
O

5
 + 60 K

2
O/ha and 10 ton 

organic/ha made yield high and soil sustainable. 

The systems of improved rice intensification (SIRI) 

Final results defined the technologies for systems of improved rice intensification: 

– Use 70N + 60P
2
O

5
 + 60 K

2
O (Deep placement of fertilizer, from 5 cm – 7 cm 

deep) and 10 ton organic per hectare 

– Age rice plants from 1.5 – 2 leaves and transplanted 28 clumps per m
2

.

– Use saving water irrigation method���



Data from test pilot for SIRI and traditional rice cultivation (TRC) on VL20 variety at 

Hanoi University of Agriculture in spring season 2007, that details are shown in table 5. 

Total amount of panicales per square metre at SIRI (310) are higher than RTC (280) 

which is around 30 panicles/m
2

. So, young rice plants made from new technology 

seeding, the leaves, roots and stem of rice not hurt. The plant grows well and make 

branch early. Although amount seeds/panicle; non grain rate and weigh of one thousand 

seeds no different between SIRI and TRC, but the yield of SIRI higher than TRC around 

0.95 ton/ha. Yield of SIRI on VL20 variety increase 14.6 % compare TRC. 

Table 5: Comparative between the system of improve rice intensification and 

tradition rice 

Treatment

Panicles 

/m
2

Seeds / 

Panicle 

Non 

grain 

rate  

(%)

Weigh of 

1000 

seeds (g)

Yield

(ton/ 

ha)

Yield

increase 

rate (%)

The systems of 

improved rice 

intensification (SIRI) 280.3 125.5 4.3 29.2 6.50 100 

The traditional rice 

cultivation (TRC) 310.0 130.0 6.5 29.0 7.45 114.6 

LSD
05         0.57   

Conclusions

Comparisons between the systems of improved rice intensification and traditional rice 

cultivation in Hanoi, Hatay, Thanhhoa province on VL20; Nhi uu 838 varieties in 2006 

and 2007. Result showed that: 

• Saving 15 - 25% the volume of water irrigation and no effect to yield of rice. 

• Saving 30 – 35% fertilizer of urea,  

• Saving 25 – 50% the volume of rice seeds.  

• Reduce 10 – 20% rice production cost and  

• Increase 10 – 20% rice yield  
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Abstract

This study aimed to clarify the level and sources of inorganic-N (ammonium-N 

and nitrate-N, where N signifies nitrogen) in the water of urbanized farming villages in 

Hanoi City. In this study, the concentration of inorganic-N in surface and ground waters 

was monitored, δ
15

N analysis was performed on groundwater, and the amount of 

chemical fertilizer N applied annually during cropping was determined. Farming 

villages in southern Hanoi City were targeted. Though livestock husbandry may have 

been practiced in some of the villages, the details of these practices were not 

investigated. The average concentrations of ammonium-N in the villages were as high 

as 3.7–12.7 and 5.0–21.0 mg/l for surface and ground waters, respectively, while those 

of nitrate-N were low, with values of 0.13–0.23 and 0.07–2.0 mg/l, respectively. These 

figures demonstrated that the nitrification of the water had progressed very little. The 

amount of N applied annually in the form of chemical fertilizers (kg/ha) varied by the 

annual cropping pattern used in a given village from 139 to 266 for rice–rice, 470 for 

rice-rice-vegetable, and 562 to 1,630 for vegetables under continuous cropping. 

According to the δ
15

N analysis, the source of inorganic-N in the groundwater was found 

to be either chemical fertilizers or animal wastes, depending on the village. Chemical 

fertilizer application showed a positive influence on the occurrence of ammonium-N at 

sites where the main cropping pattern was vegetables under continuous cropping. In 

contrast, at sites where the main cropping pattern was rice-rice or rice-rice-vegetable, 

animal wastes had a noticeable effect on the occurrence of ammonium-N regardless of 

the application of chemical fertilizers. As for surface water, the effect of chemical 

fertilizer application was recognizable at sites where the main cropping pattern was 

vegetables under continuous cropping.

Introduction 

According to a report by WEPA (2007), surface and ground waters are polluted 

by ammonia (NH
4
) in the Red River Delta (RRD) including Hanoi City, the capital of 

Vietnam. Ammonia pollution is reportedly present in high amounts in the groundwater ���



of southern Hanoi City, though details regarding that claim have not yet been disclosed. 

Within the city, a farming district employing continuous vegetable cropping and labeled 

a “green belt,” has recently emerged (Nguyen, 2001). The green belt is now expanding 

to farming villages of southern Hanoi City where surface and ground waters have been 

used for irrigation/aquaculture and domestic purposes, respectively. If the water is 

severely polluted by ammonia, its long-term use may adversely impact agriculture or 

fish production and pose a threat to human health. 

From the prevailing agricultural production situation in these areas, N chemical 

fertilizers and animal wastes from livestock husbandry, both applied to the farmland, 

can be considered sources of the ammonia in the water. Meanwhile, several cropping 

patterns are employed in the villages. If the N chemical fertilizers (referred to hereafter 

as “fertilizers”) are indeed the main source of ammonia in surface and ground waters, 

the ammonia level in these waters should vary by cropping pattern and be able to reach 

high levels under some circumstances. This ammonia may be converted into its nitrate 

form by nitrification. 

In the present study, therefore, surface and ground waters were monitored for 

the presence of ammonium-N (NH
4
-N) and nitrate-N (NO

3
-N). In addition, δ

15

N

analysis was carried out on groundwater, and the amount of fertilizer applied annually 

for each cropping pattern was obtained via interviews with practitioners and related 

persons. The study area consisted of a group of farming villages located in southern 

Hanoi City. Its purpose was to determine both the amount of inorganic-N 

(ammonium-N and nitrate-N) present in surface and ground waters and whether or not 

fertilizer application affects the presence of inorganic-N in these waters. 

Materials and Methods 

Study area 

The study area consisted of four communes (i.e. villages) situated 10-20 km 

south of the center of Hanoi City: Tam Hiep (TH), Lien Ninh (LN), Dai Ang (DA) and 

Tu Hiep (TUH) (Fig. 1). Hereafter, the communes are referred to by the abbreviations 

shown in parentheses. 

General information on the communes is given in Table 1. The communes are 

located in a flat, low-lying plain, with land 

elevations ranging from 4 to 5 m above sea 

level. The prevailing soil types, according to 

the FAO/UNESCO classification system, are 

Eutric Fluvisols for TH, LN and TUH, and 

Gleyic Fluvisols for DA (VSSS-NIAP, 1996). 

The commune areas (ha) varies from 318 

(TH) to 505 (DA). The agricultural land 

spaces within each commune range from 167 

to 297 ha, and are comprised of rice fields, 

vegetable fields and aquaculture ponds. The 

proportions of these three land uses differ 

widely from commune to commune. 

The annual cropping patterns 

employed within each commune are as follows: 

rice-rice-vegetable and vegetables under 
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Fig. 1. Locations within Hanoi City, Vietnam, of 

four communes investigated in this study ���



continuous cropping in TH; rice-rice, rice-rice-vegetable, and vegetables under 

continuous cropping in LN; rice-rice in DA; and rice-rice and vegetables under 

continuous cropping in TUH. Though there was a vegetable field in DA at the time of 

the study, its cropping pattern is not shown because of its small size in comparison to 

the rice fields. Rice-rice and rice-rice-vegetable cropping are performed in rice fields, 

while vegetables under continuous cropping are grown in vegetable fields in these 

communes. Some livestock husbandry may be occurring in these communes, but the 

details of such practices were not investigated in the present study. 

According to meteorological data recorded from 2001 through 2004 in Hanoi 

City (General Statistics Office, 2002 to 2005), the mean seasonal rainfall from May to 

October (rainy season) was 1,470 mm, and that from November to April (dry season) 

was 250 mm. The mean annual air temperature was 24.5�, with a monthly average 

ranging from 17.6� in January to 29.6� in June. 

There are two main groundwater aquifers in the RRD. One aquifer is embedded 

in Holocene sediments and the other in Pleistocene sediments. The former holds water 

at a depth of 0.5 to 2 m from the ground surface during the rainy season and at a depth 

of 2 to 8 m during the dry season. Its thickness ranges from a few meters to 40 m. The 

latter is confined and underlies the former, with a thickness of 10 to 100 m (World Bank, 

1995).

Water sampling 

The water was sampled in the dry season (late October to early November) of 

2006, when the groundwater level was rather stable in the RRD. Sampling was designed 

to cover the entire area of each of the communes, but whether a given sampling site was 

in a rice field or a vegetable field was not recorded (Table 1). 

Surface water was sampled (500 ml) at each of 4 to 6 sites in each commune 

from the surfaces (<5 cm deep) of irrigation/drainage canals or ponds. 

Groundwater was sampled (500 ml) at each of 4 to 7 sites in each commune 

from wells owned personally by farm households (private wells) and water stations 

controlled by the communes and providing drinking water to their residents. 

Groundwater was sampled from water stations at 2, 3, 3 and 0 out of 7, 4, 7 and 5 sites 

in TH, LN, DA, and TUH, respectively. In other words, groundwater was sampled from 

both private wells and water stations in TH, LN and DA, while it was sampled only 

from private wells in TUH.  

A single water station provides groundwater to 400-600 out of a total of 2,100 

households in LN, and to 300-600 households out of a total of 2,700 households in DA. 

These figures were not available for TH. Private well water is used exclusively for 

washing dishes and clothes, and water from water stations is used for drinking and 

cooking.

Measurement of ammonium and nitrate ion concentrations and 

oxidation-reduction potential of sampled water 

Ammonium and nitrate ion concentrations were determined using a 

spectrophotometer (UV-mini 1240, Shimadzu Co., Ltd.) according to the Nessler 

method (Greweling and Peech, 1960) and the Cataldo method (Cataldo et al., 1975), 

respectively, after the water samples were brought back to the laboratory at the Hanoi 

University of Agriculture. Ammonium and nitrate ion concentrations were converted to ���



concentrations of ammonium-N and nitrate-N, respectively, by applying the molecular 

weight ratio of N to NH
4

+

 and NO
3

-

.

The oxidation-reduction potential (ORP) of each water sample was measured 

on-site immediately after sampling using an ORP meter (HORIBA-D52). Since 3.33 

mol/l KCl�Ag/AgCl was used as the comparative electrode for the ORP meter, the 

recorded ORP values were converted to values corresponding to the standard hydrogen 

electrode�

�
15

N Analysis 

In order to identify the source of inorganic-N in groundwater, δ
15

N analysis 

was performed on five groundwater samples, collected from either water stations or 

private wells, per commune. In DA, samples were collected from both water stations 

and private wells. Two liters of groundwater were collected and brought to Japan from 

every sampling site. The analysis was performed at Shoko Co., Ltd., in Japan, due to the 

lack of proper equipment in our laboratories. 

Results

Amount of fertilizer applied 

The net amounts of N fertilizer (kg/ha) applied annually within each commune 

are shown in Table 1. Here, the amount of fertilizer applied in the rice-rice-vegetable 

cropping pattern in TH is not shown, as surface and ground waters were sampled at 

areas distant from such cropping areas in TH.  

Table 1 indicates that the amounts of fertilizer applied (kg/ha) ranged from 139 

for rice-rice in DA to 1,630 for vegetables under continuous cropping in TUH, and the 

maximum was more than 10 times higher than the minimum. The amount of fertilizer 

applied depended strongly on the cropping pattern, at 139-266 for rice-rice (DA, LN 

and TUH), 470 for rice-rice-vegetable (LN), and 562-1,630 for vegetables under 

continuous cropping (LN, TH and TUH). The amount also varied 

considerably by commune, even within a given cropping pattern. Organic fertilizers 

were not used in these communes, except with rice-rice-vegetable cropping in LN and 

Table 1. General information on the communes investigated. 

Commune Tam Hiep Lien Ninh Dai Ang Tu Hiep 

 Land elevation (m)      4.5-5     5     4     4 

Prevailing soil type 
1)

 Eutric Fluvisols Eutric Fluvisols 

Gleyic

Fluvisols 

Eutric Fluvisols 

Area (ha)      318      415      505      400 

Total agric. land (ha) 

Rice field (ha) 

Vegetable field (ha) 

Aquaculture pond (ha) 

167 

95 

72 

0

240 

150 

58 

32 

297 

258 

15 

24 

213 

15 

68 

130 

Annual cropping 

pattern (�, � and 

� are cultivated 

separately in each 

area) 

� rice-rice- 

    vegetable 

�vegetables 

  under 

  continuous 

cropping 

�� rice-rice 

�� rice-rice- 

vegetable 

�� vegetables 

under 

continuous 

cropping 

� rice-rice 

�� rice - rice   

� vegetables 

   under 

   continuous 

 cropping 

Amount of annual N 

fertilizer application by 

cropping type (kg/ha) 

� 1,044 

�� 192 

�� 470 

�� 562 

�139  

�� 266 

�� 1,630 

1) Classification according to the FAO/UNESCO system (VSSS-NIAP, 1996)���



rice-rice cropping in TUH. The amounts of organic fertilizers applied annually were 

insignificant compared to those of chemical fertilizers and were thus omitted from Table 

1.

Ammonium-N and nitrate-N concentrations in surface and ground waters 

The maximum, minimum and average concentrations of ammonium-N and 

nitrate-N for each commune are shown in Tables 2 and 3 for surface and ground waters, 

respectively. The maximum, minimum, and average sampling depths for groundwater 

 are also shown 

in Table 3. The 

sampling depths 

(m) ranged from 

3-80 in TH, 42- 

93 in LN, 30-60 

in DA, and 

30-45 in TUH. 

The sampling 

depths for the 

water 

stations in the 3 

relevant 

communes were 

each 50 m or 

more, suggesting 

that the water 

come from the 

Pleistocene 

aquifer. In 

contrast, the 

private well 

water was from 

both the 

Holocene and 

Pleistocene 

aquifers.

As shown in 

Tables 2

and 3, the 

concentrations of 

ammonium-N 

(mg/l) in surface 

and ground 

waters

ranged widely from 0.46-20.49 (both TUH) and from 1.77 (TH) to 34.86 (TUH), 

respectively. The average concentrations of ammonium-N (mg/l) at the commune level 

ranged from 3.65 (LN) to 12.73 (TH) in surface water and from 5.00 (TH) to 21.00 

(TUH) in groundwater. The average concentration of ammonium-N was higher for 

Table 2. Maximum, minimum and average concentrations of ammonium-N and 

nitrate-N and ORP for surface water in the investigated communes. 

Water quality Tam 

Hiep 

n= 6 

Lien Ninh

n= 4 

Dai Ang

n= 4 

Tu Hiep 

n= 6 

Ammonium-N 

concentration 

(mg/l) 

Max 24.12 6.11 13.43 20.49 

Min 1.27 1.39 2.26 0.46 

Ave 12.73 3.65 6.62 6.64 

Nitrate-N 

concentration 

(mg/l) 

Max 0.29 0.49 0.15 0.25 

Min 0.12 0.06 0.11 0.08 

Ave 0.19 0.23 0.13 0.14 

ORP (mV) 

Max 233 299 231 252 

Min -24 174 198 69 

Ave 170 242 214 210 

n: number of observations.

Table 3. Maximum, minimum and average of sampling depths, ammonium-N 

and nitrate-N concentrations, and ORP for groundwater in the investigated 

communes. 

Item Tam Hiep 

n= 7 (2)
1)

Lien

Ninh 

n= 4 (3)

Dai Ang

n= 7 (3)

Tu Hiep

n= 5 (0)

Sampling depth 

 (m) 

Max 80 (80)
 1)

 93 (93) 60 (60) 45 

Min 3 (80) 42 (65) 30 (50) 30 

Ave 38 (80) 68 (76) 47 (53) 37 

Ammonium-N 

concentration 

(mg/l) 

Max 9.42 7.59 32.49 34.86 

Min 1.77 4.41 6.15 13.81 

Ave 5.00 5.46 16.12 21.00 

Nitrate-N 

concentration 

(mg/l) 

Max 6.61 0.11 1.64 0.14 

Min 0.06 0.03 0.06 0.08 

Ave 2.04 0.07 0.45 0.11 

ORP (mV) 

Max 227 127 265 113 

Min 80 94 52 57 

Ave 145 110 122 99 

n: number of observations, with the figure in parentheses referring to the 

number of water station observations. 

1)

 The value in parentheses is for the water station.
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surface water than for groundwater in TH but lower for surface water than for 

groundwater in the other three communes. 

The concentrations of nitrate-N in surface and ground waters (mg/l) ranged 

from 0.06-0.49 (both LN) and from 0.03 (LN) to 6.61 (TH), respectively. The average 

concentrations in the commune level were less than 0.5 mg/l, other than the 

concentration of 2.04 mg/l for the groundwater in TH, and appeared to differ little 

between surface and ground waters. For both surface and ground waters, the average 

concentration of nitrate-N was far lower than the average concentration of 

ammonium-N in every commune. 

The concentration of nitrate-N satisfied the Vietnamese drinking water standard 

for groundwater of �10 mg/l, but the concentration of ammonium-N far exceeded the 

critical level for human health of 0.78 mg/l (Oregon Department of Human Services, 

2000). This groundwater should be used for drinking purposes with caution. 

ORP value 

 The maximum, minimum and average ORP values for surface and ground 

waters are shown in Tables 2 and 3, respectively. ORP (mV) ranged from –24 (TH) to 

299 (LN) for surface water, and from 52 to 265 (both DA) for groundwater. The average 

ORP (mV) at the commune level ranged from 170 (TH) to 242 (LN) and from 99 

(TUH) to 145 (TH) for surface and ground waters, respectively, and was higher for 

surface water than for groundwater in every commune. 

The average ORP values for the target communes were within the range of 100 

to 330 mV, where nitrification can proceed (Florida Rural Water Association, 2004). 

However, nitrification did not appear to have occurred, as the concentration of nitrate-N 

was far below the concentration of ammonium-N in both surface and ground waters. 

Land environment or conditions may have inhibited the nitrification process. 

δ

15

N values for groundwater 

The δ

15

N values for groundwater, along with the concentrations of 

ammonium-N and nitrate-N, are shown in Table 4. The values ranged from 5.21 to 

16.1�. According to the values associated with the sources indicated by Townsend et al.

(2003), which were mainly based on the research of Heaton (1986), the δ
15

N value is 

less than 

 7� for N from  

commercial

fertilizers (chemical 

fertilizers) if  

ammonium-N 

occupies the larger 

portion of N, and 

generally greater 

than 10 �  for N 

from animal wastes. 

 A δ
15

N value between 7 and 10� can be considered a mixture of both sources.  

By applying these benchmark values to the δ
15

N values in Table 4, the sources 

of inorganic-N (mostly ammonium-N) in groundwater are estimated to be fertilizer in 

Table 4.  δ
15

N values (�) along with the concentrations of ammonium-N  

and nitrate-N for groundwater in the investigated communes. 

Sample

No.

Commune Kind of well δ

15

N

(�)

Concentration� (mg/l)

Ammonium-N Nitrate-N

1 Tam Hiep Private well 6.85 9.42 0.15 

2 Lien Ninh Water station 10.2 5.13 0.11 

3 Dai Ang Water station 16.1 14.87 0.07 

4 Dai Ang Private well 5.21 32.49 0.14 

5 Tu Hiep Private well 7.86 34.86 0.13 

���



TH and DA (private wells), animal wastes in DA (water stations) and LN, and a mixture 

of the two in TUH. 

Discussion 

Ammonium-N concentration and its correspondence to the source of inorganic-N 

Surface water 

The average concentration of ammonium-N was highest in TH. The amount of 

fertilizer applied in TH was as high as 1,044 kg/ha for vegetables under continuous 

cropping. Therefore, fertilizer application was recognized to have a positive effect on 

the presence of ammonium-N. 

TUH and DA had similar concentrations of 6-7 mg/l, but the amount of 

fertilizer applied in TUH was much higher than that in DA (Table 1). Thus, the effects 

of fertilizer application were recognizable in TUH but not in DA., The average 

concentration of ammonium-N was lowest in LN, though the amount of fertilizer 

applied (192-562 kg/ha) was not the lowest among the communes. Here, the application 

of fertilizer did not greatly effect the presence of ammonium-N. 

Groundwater  

The average concentration of ammonium-N in groundwater was highest for 

TUH, where the amount of fertilizer applied to vegetables under continuous cropping 

was as high as 1,630 kg/ha. This cropping pattern was the main pattern used in TUH, 

whose vegetable fields totaled a much greater area than its rice fields (Table 1). As a 

result, the positive effect of the application of fertilizer on the presence of ammonium-N 

in groundwater was verified. Meanwhile, the δ
15

N value in TUH (7.86�) suggested 

that ammonium-N originated from both fertilizer and animal wastes. 

The second highest average concentration of ammonium-N was observed in 

DA, whose cropping pattern was rice-rice and whose fertilizer application amount was 

lowest (139 kg/ha). According to the δ
15

N value, the source of inorganic-N for the 

private wells was estimated to be fertilizer, but for the water station, the estimated 

source was animal wastes. Therefore, the effects of fertilizer and animal wastes were 

recognizable in DA, perhaps affected by the local environment or site conditions. 

TH and LN had similar average concentrations of ammonium-N (5.0–5.5 mg/l), 

although much more fertilizer was applied in TH than in LN (Table 1). In TH, the main 

annual cropping pattern was vegetables under continuous cropping. According to the 

respective sources of inorganic-N in TH and LN mentioned with regard to Table 4, 

fertilizer may have caused the presence of ammonium-N in TH, while the input of 

animal wastes might have done so in LN. 

In DA and LN, where the main cropping patterns were rice-rice and 

rice-rice-vegetable, the effects of animal wastes were recognized regardless of the 

effects of fertilizer

Conclusions

The following conclusions were drawn from the present study.  

The average concentrations of ammonium-N in the farming villages of 

southern Hanoi City were very high, 3.7–12.7 and 5.0–21.0 mg/l, while those of ���



nitrate-N were low, at 0.13–0.23 and 0.07–2.0 mg/l, for surface and ground waters, 

respectively. These figures indicated that nitrification had progressed very little in the 

water. The sources of inorganic-N (mainly ammonium-N) in groundwater were 

identified as either fertilizer or animal wastes based on the δ
15
N values at the village 

sites. 

Fertilizer application appeared to affect the surface water in the village whose 

main cropping pattern was vegetables under continuous cropping. 

Fertilizer application appeared to affect the presence of ammonium-N in the 

groundwater of the village whose main annual cropping pattern was vegetables under 

continuous cropping, while in the villages whose main annual cropping patterns were 

rice-rice or rice-rice-vegetable, the animal waste inputs appeared to affect the 

groundwater regardless of the effects of fertilizer application. 
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Abstract 

The research was conducted on two rice cultivars representatives for hybrid rice (Nhi Uu 

838) and homogeneous rice (Khang dan 18) grown in Spring-summer season at Yenmy 

district, Hungyen province, 40 km from Hanoi. 

The results showed that in the rice field the composition of insect pests consisting of 33 

species and among them, there were 4 keys insect pests: leaf folder, Cnaphalocrosis 

medinalis S.; brown plant hopper, Nilaparvata lugens S.; whiteback plant hopper, 

Sogatella furcifera H.; and yellow stem borer, Tryporyza incertullas. The density of three 

insect pests leaf folder, Cnaphalocrosis medinalis S.; brown plant hopper, Nilaparvata 

lugens S.; whiteback plant hopper, Sogatelle furcifera H. in the hybrid rice field is always 

higher than that in the homogenous rice field. 

The composition of spiders consisted of 10 species and among them two species (Lycosa 

pseudoannulata Boes. et Strand and Oxypes javanus Thorell) were commonly seen. The 

density of their natural enemies in the hybrid rice field was higher than that of 

homogenous rice field. 

The density of key insect pests and natural enemies was also depended on the chemical 

application. 
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ABSTRACT 

The present study aims to develop a preliminary model based on a heat balance equation for simulating 

daily water temperature in paddy fields under hybrid rice cultivation. The model requires only a few basic 

meteorological data (air temperature, sunshine duration and relative humidity), and crop information of 

Leaf Area Index (LAI). For meteorological data, the authors utilized HAU-JICA weather observation data 

in 2000. In the analysis, two cropping seasons (spring and summer) were studied in order to evaluate the 

effect of hybrid rice cultivation on daily water temperature in the paddy fields. The results showed that 

simulated daily water temperature was higher when no rice was being cultivated. Under rice cultivation, 

water temperature decreased in keeping with the growth of LAI, which attenuated net solar radiation by 

shading the water surface in the paddy. The difference in cumulative temperature was affected by the 

length of time between transplantation and harvest, rather than by the LAI values. However, since 

simulated water temperature was strongly affected by LAI growth via its attenuation of net radiation, the 

reliability of this simulation depends on the accuracy and generality of the estimation methods for both 

LAI and solar radiation. Further studies on the eco-physiology of hybrid rice varieties and the related 

agro-meteorology of paddy areas are needed for the improvement of the present approach.

INTRODUCTION

   The security of food, water and environment is a major worldwide concern. Awareness of these issues 

has appeared as many international and/or multi-institute programs, such as the Comprehensive 

Assessment of Water Management in Agriculture, which was launched in 2001. The program aims to 

reduce poverty and hunger, and to ensure environmental sustainability in order to achieve the Millennium 

Development Goals (MDGs) (Comprehensive Assessment of Water Management in Agriculture, 2007). 

At present, water scarcity caused by competition among sectors and cities has already been recognized as 

a severe problem for agriculture (Bouman et al., 2007). Water issues are divergent and complex not only ���



because of the multi-dimensionality of water issues in which multiple stakeholders are involved, but also 

because of the rapidly changing world. The need for both basic and practical research is obvious for 

finding the breakthrough against the trade-off between productivity and sustainability. 

   In Vietnam, the total population was reported at 84 million in 2006, and keeps on growing at the rate 

of approximately 1.1 million persons per year (General Statistic Office, 2007). Vietnam has achieved 

rapid economic growth, together with industrialization and urbanization. However, the country is now 

facing environmental degradation, especially in peri-urban areas. For keeping up with the growing 

demand, the food production has been considered as a top priority in Vietnam. Hence, it is urgently 

necessary to establish appropriate management strategies to keep the balance between food and 

environment.

   Hybrid rice is now gaining popularity as a solution to the growing demands for food. Cultivation areas 

are expanding because of technical innovation and the transfer of hybrid rice cultivars. However, the 

intensive application of fertilizer is now considered to be the main cause of water quality degradation in 

cultivated areas and the downstream from these areas. Therefore, it is important to identify the possible 

effects of hybrid rice cultivation on the water environment both in quantity and quality. This would be 

helpful in achieving sustainable agriculture, which would enhance the security of food, water, and 

environment.

   Since hybrid rice cultivation is a relatively new technology and still in the development stage, no data 

has yet been collected regarding its effect on paddy environments in terms of such characteristics as water 

quality. Therefore, only numerical simulations can be applied for now. To this end, studying daily water 

temperature is the best way to begin to clarify the effects of hybrid rice cultivation on a paddy because 

water temperature is widely known as one of the major driving forces in water quality dynamics. The 

aquatic environment and ecosystems are strongly affected by water quality, which enhances or degrades 

their productivity in terms of the growth rate of aquatic organisms such as plankton and fish. Such 

research contributes to a deeper understanding of the relationship between agriculture and the ecosystem, 

so-called “agro-ecosystem.” 

   The present study aims to simulate daily water temperature based on a simple approach using four 

variables of air temperature, relative humidity, sunshine duration, and the Leaf Area Index (LAI) of the 

rice cultivar. Since these meteorological variables are frequently measured at weather stations, the model 

applied in this study can be applied to evaluate water environments in many parts of the country. 

METHODS 

   In this section, we first present the data used in this analysis with a brief explanation of the weather 

station located at Hanoi University of Agriculture (HUA). Second, we set forth the modelling procedure 

applied to simulate the daily water temperature in a paddy. The analytical approaches are then described 

with the model parameters employed in this study.  

Data

   The data used in this study were measured at the HAU-JICA weather station located at Hanoi 

Agricultural University (presently HUA) since 1999 (Hanoi Agricultural University and HAU-JICA 

ERCB Project Office, 2001). The main daily climatic variables of precipitation (mm), average relative 

humidity (%), sunshine duration (hour) and average air temperature (ºC) observed in 2000 are shown in 

Fig. 1. All of these data, excluding precipitation, were used as input values for the daily water temperature ���



model. When a piece of data was missing due to some mechanical problem, data from previous and 

subsequent days were interpolated and then used in the simulation. 

Model

   The present study basically followed the approach applied by Maruyama et al. (1998) to simulate the 

daily water temperature in a paddy field, while different methods were employed to meet the available 

data. A model of heat balance in a paddy field is shown in Fig. 2, and can be expressed as:  

GPWn

CCCEHR ++++= ι       (1) 

where R
n
 is the net solar radiation below the canopy (W m

−2

), H the sensible heat flux (W m
−2

), ιE the 

latent heat flux (W m
−2

), and C
W

, C
P
 and C

G
 the heat fluxes (W m

−2

) of water, plants and soil, respectively. 

The heat fluxes of C
W

 and C
G
 can be neglected in the cases of daily analysis or over much longer periods 

(C
W

=0 and C
G
=0). The heat flux of plants can also be neglected because the energy stored in plant 

biomass is much smaller than the other components of the heat balance equation (C
P
=0; Eq. 1). Assuming 

continuity between water vapour and heat flux inside the plant canopy, the sensible and latent heat fluxes 

can be expressed as  

( )
aw

TThH −⋅=    (2) 

( ){ }
aws

eTekE −⋅=ι   (3)  

in which h is the sensible heat transfer 

coefficient (W m
−2

 ºC
−1

), k the latent heat 

transfer coefficient (W m
−2

 hPa
−1

), T
w
 the water 

temperature (ºC), T
a
 the air temperature (ºC); 

e
s
(T

w
) the saturated vapour pressure at the water surface T

w
 (hPa), and e

a
 the vapour pressure of the air 

(hPa). Assuming that the diffusion coefficients for heat and water vapour are identical and using the 

Fig. 2  Heat balance in a paddy field 
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Fig. 1  Climatic conditions at HAU-JICA weather station in 2000 
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constants for heat of vaporization ι=2.5×10
6

 (J kg
−1

), specific heat of the air cp=1005 (J kg
−1

 ºC
−1

) and 

atmospheric pressure p=1013 (hPa), the following relationship can be obtained: 

53.1

622.0

p

=

⋅

⋅

=

pch

k ι

.       (4) 

Thus, we obtain the following equation using Eqs. (1)−(4).

( ) ( ){ }
awsawn

53.1 eTehTThR −⋅+−⋅=      (5) 

Since vapour pressure at the water surface es(Tw) is described as a function of water temperature Tw:

( )

w

w

ws

3.237

5.7

,101078.6

T

T

Te

+

⋅

=×= α

α

,     (6) 

the water temperature Tw can be numerically estimated using the Newton-Raphson method together with 

the climatic parameters Rn, Ta, h, and ea. Of these, only Ta was used directly for the simulation, while the 

other parameters were estimated using the following method.  

   The sensible heat transfer coefficient h was estimated by converting aerodynamic resistance into h:

( )LAI36.0exp72.8 ⋅−⋅=h ,      (7) 

in which LAI stands for the Leaf Area Index of rice. The net radiation below the rice canopy Rn was 

estimated by assuming that the net radiation above the rice canopy R0 decreases exponentially with the 

LAI of rice. Using an attenuation coefficient of −0.55, we then obtain 

( )LAI55.0exp
0n

⋅−⋅= RR .      (8) 

The net radiation above the canopy R0 correlates strongly with solar radiation and varies by season. For 

the estimation, a method based on the meteorological measurement of air temperature and solar radiation 

was employed in the present study. Namely, 

( ) ( )














−⋅−⋅⋅+⋅−= 12.051.1171194.01

0

d4

ad0

S

S

TSR σα ,   (9) 

where α is albedo, Sd the solar radiation (W m
−2

), σ the Stephan-Boltzmann constant (=5.67×10
−8

 W m
−2

K
−4

), S0 the extraterrestrial radiation, and Ta the absolute temperature (K). Since there were no data 

available on solar radiation, we employed a regression model using relative sunshine duration (Kondo, 

2000), which can be expressed as 
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where N is the sunshine duration of the day (hour) and N0 the possible duration of sunshine (hour). The 

albedo in a paddy field is strongly affected by the rice canopy and increases exponentially with growth of 

LAI. Namely,  

( ) ( )LAI⋅−⋅−−= θαααα exp
minmaxmax

    (11) ���



where θ is the attenuation coefficient, and αmax and αmin the maximum and minimum albedos in the paddy, 

respectively. The use of a crop growth model enables us to estimate the LAI of rice. Although several 

methods have been proposed, we employed that of Horie (1987), which estimated LAI using temperature 

and cultivar-specific information. Namely, 
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where R is the maximum relative growth rate of LAI (day
−1

), Te the minimum temperature required for 

LAI growth (ºC), LAImax the asymptotic value of LAI, and τ (ºC
−1

) and η (unitless) are the model 

parameters. Although these parameters differ by cultivar, all the parameters in Eq. 12, except LAImax, were 

taken from the previous study by Horie (1987).  

   In summary, by estimating LAI from Ta (Eqs. 11−12) and substituting Eqs. 6−10 into Eq. 5, we can 

estimate daily water temperature Tw based on only four measurements: sunshine duration, air temperature, 

relative humidity, and maximum LAI. The parameters used in this study are summarized in Table 1.  

Table 1  Model parameters for water temperature simulation 

Albedo   Source 

α
max

 0.25 maximum in paddy Kondo (2000) 

α
min

 0.06 water surface Kondo (2000) 

θ 0.5  Horie (1987) 

LAI growth   Source  

R 0.247  Horie (1987) 

τ 0.07  Horie (1987) 

η 0.723  Horie (1987) 

T
e
 11.5  Horie (1987) 

LAI
max

8.5  

7.4  

VL20 

IR24 

Tang Thi Hanh et al.

(unpublished) 

Latitude 20.5  Hanoi (degrees)  

Model application 

   Numerical simulations were conducted to clarify the effect of hybrid rice cultivation on daily water 

temperature in paddy fields; these simulations were based on the assumption of ponded conditions 

throughout the year. Water temperature under no rice cultivation was simulated as a control. This was 

followed by analyses performed on two different seasons of both spring and summer rice, and three 

different timings for transplantation (early, middle and late). In order to compare the effects of hybrid rice 

cultivation with local variety cultivation, the hybrid rice cultivar of Viet Lai 20 (VL20) and the reference 

cultivar IR24 were selected because of the availability of information about the crops of these two 

varieties. Data on the LAI were taken from a greenhouse experiment conducted at HUA (Tang Thi Hanh 

et al., unpublished; Table 1), and data on the days to harvest from general information on hybrid rice 

(Nguyen Van Hoan, personal communication; Table 2). The timing of transplantation was determined for 

its simplicity. All results were compared in terms of differences in cumulative water temperature among ���



the various simulated conditions. The simulation conditions are summarized in Table 2. 

RESULTS 

   Using climatic data on sunshine duration, air temperature and relative humidity (Fig. 1), and crop 

information (Tables 1 & 2), daily water temperature was simulated under different cultivation conditions 

(Fig. 3). For each condition, the dynamics of the simulated water temperature were found to be almost the 

same for all of the cultivars. Water temperature rose to the same level as under the no-rice condition soon 

after harvesting. Since hybrid rice is characterized by a short maturation period, cumulative water 

temperature was higher in the case of hybrid rice than in that of the reference (Fig. 4). The differences 

between hybrid rice and reference cultivars in cumulative water temperature totalled over the year were 

111ºC in early transplanting, 123ºC in the middle transplanting, and 126ºC in the late transplanting. In the 

spring rice, the differences resulted in 61ºC, 65ºC and 66ºC in early, middle and late transplanting, 

respectively, while 159ºC, 161ºC and 158ºC in the summer rice (Fig. 4). The cumulative water 

temperature in the paddy fields under hybrid rice cultivation and that of the reference were different by 

approximately 3.2ºC for the spring rice and 8ºC for the summer rice, which implies the effect of rice 

canopy that shades the water surface. The effect of rice canopy on net radiation at the water surface is 

shown in Fig. 6, which shows that net radiation attenuated along with growth in the LAI. 

Table 2  Conditions of hybrid rice cultivation 

Cultivar Days to harvest Date of transplanting Date of harvesting Timing 

Hybrid rice (VL20) 

Spring rice 

    120 

February 5 June 5 Early 

February 15 June 15 Middle 

February 25 June 25 Late 

Hybrid rice (VL20) 

Summer rice 

     95 

July 5 October 8 Early 

July 15 October 18 Middle 

July 25 October 28 Late 

Reference (IR24) 

Spring rice 

    140 

February 5 June 25 Early 

February 15 July 5 Middle 

February 25 July 15 Late 

Reference (IR24) 

Summer rice 

    115 

July 5 October 28 Early 

July 15 November 7 Middle 

July 25 November 17 Late 

Control   No rice cultivation   

DISCUSSION

   The simulation results demonstrate the possible effects of hybrid rice cultivation on the paddy 

environment in terms of daily water temperature (Figs. 3−4). The short maturation period resulted in a 

higher water temperature in the paddy fields, which may lead to higher productivity in and around the 

paddy environments. For instance, higher water temperature may increase the growth rate of 

phytoplankton and enhance productivity in the aquatic ecosystem. However, extreme temperatures may 

cause deficits in the dissolved oxygen contents, which would severely degrade the ecosystem by causing 

high mortality of fish. In addition, higher water temperatures may induce problems or diseases in rice 

production, especially during transplantation (e.g., Adkins et al., 1990). This indicates the complexity of ���



agricultural activities and the difficulties involved in managing them as sustainable systems. 

   The development of a predictive model is essential for the evaluation of the alternative future plans 

and activities towards the appropriate management of agriculture and the environment. Therefore, we 

discuss the predictability of the present approach. Since net radiation was attenuated by the rice canopy, 

LAI can be one of the factors significantly affecting daily water temperature dynamics. This possibility 

leads to the necessity of improving the LAI growth model. For instance, in the present model, the LAI 

increases up to the asymptotic value (Fig. 5). However, it is widely known that LAI gradually decreases 

after headings (Wada et al., 2002; Maruyama et al., 2007), so an effective model would be capable of this 

function. The use of an approach based on Developmental Stage (DVS; Horie, 1987) would provide one 

possible way to appropriately express LAI dynamics. Such a method would also enable us to predict the 

days to harvest which is different in accordance with the climatic conditions. In addition, the asymptotic 

value of LAI (LAImax) should be identified by on-site experiments, since the value used in this study was 

relatively high. Greenhouse experiments would lead to a higher LAI than that in a paddy. The same 

tendency was found in a previous study conducted in upland conditions, in which some LAI values were 

as high as nine (Wada et al., 2002). The high LAI values under these conditions might be ascribed to 

agro-meteorological conditions, such as solar radiation, precipitation, wind speed, and soil moisture. Solar 

radiation would be another factor significantly affecting water temperature. Since solar radiation depends 

Fig. 3  Simulated water temperature as a function of both the 

timing of transplantation and cultivar type 
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on atmospheric conditions, a model should be developed based on the data observed within the target area. 

The estimation method should also be discussed for the improvement of accuracy.  

   In conclusion, the present study demonstrated the effect of hybrid rice cultivation on paddy 

environments in terms of daily water temperature. Further studies on improving the predictability of the 

model regarding to both crop and climatic conditions are needed in order to achieve assessment methods 

appropriate for the sustainable management of paddy environments while maintaining high agricultural 

productivity.  
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Abstract

Hybrid rice in Vietnam has been developed since 1992 and the highest area was 

obtained in 2003. In the recent years, rice production in Vietnam has achieved 

considerable progress in which hybrid rice studies and development have contributed an 

important role. However, the problem of insect pests on hybrid rice is still a great 

challenge facing the sustainable rice production. Therefore, effective management of 

insect pests in the hybrid rice fields is becoming very necessary.  

There are 12 species of insect pests often presenting in hybrid rice fields in which 

whiteback planthoppers (WBPHs), rice thrip and leafolder are the most important pests 

needing to control, especially WBPH has changed the minor position to major one and 

thrips usually occur and cause serious damage in the late spring season. In a crop, there 

are three WBPH generations in which the second one has a high density and is able to 

cause a great damage in the booting stage (the end of April of the winter spring crop and 

the end of August to early September of the summer crop).Thrips have 4 generations in 

a crop but the high density and damage occur at the tillering stage (mid March of the 

late spring crop). Booting stage is highly sensitive to leafolders and the most serious 

damage happens at this time although there usually appear 2 generations of leafolders in 

one rice crop.

Pest management: WBPHs and leafolders should be controlled at the booting stage (the 

end of April – early May of the spring crop and the end of August – early September of 

the summer crop.) by mixing the pesticide to control WBPHs with the one to control 

leafolders. For thrips, the pesticide originated from plants should be used to control 

nymphs at the early stage of rice or seed treatment by chemical pesticide (Regent 

800WG, Actara 25WG, Cruiser 3/3.5FS…). These control methods would not affect 

badly on the natural enemy and parasite population in the rice fields.  

Key Words: Hybrid rice, rice planthopper, whitebacked planthopper (WBPH), Brown 

planthopper (BPH), rice thrip. 

1. Introduction 

Nowadays, in the context of rapid world population increasing, the area of rice 

cultivation is trending towards reduction due to the urbanization and industrialization. 

Therefore, in order to ensure national food security, the use of intensive cultivation 

method to enhance the plant yield, especially the using of hybrid rice varieties is 

considering as an important solution. In our country, study of hybrid rice development 

has been taken into consideration since early years of 1990’s. From that time, the area 

of hybrid rice production is increasing continuously. In the recent years, hybrid rice is 

contributing considerably to the enhancement of rice yield and total production in the 

whole country. However, together with the successful development of hybrid rice, pest ���



infestation is changing complicatedly causing a fairly greet obstacle for hybrid rice 

production.

2. Materials and methods 

-  WBPH were collected by the tray with a thin layer of gasoline on 5 points in two 

diagonals of each block. Visual counting the number of WBPHs. Rice thrips were 

counted directly on the leaf. 

- The virulent experiments were set up following IRRI’s method and  used check rice 

varieties carrying difference resistant genes to BPH. 

- BPH strains: collected from Hai Phong, Quang Ninh, Ha Tay, Khanh Hoa and Long 

An.

- Chemical treatment experiments were conducted with 3 replication and 30 square 

meter for each block size. 

3. Results and discussions 

3.1. List of major insect  pests on  hybrid rice 

The investigations in hybrid rice areas of Nam dinh, Ninh Binh, Hai Duong, Hai 

Phong…showed that there are 12 species of  insect pests presenting in hybrid rice fields 

in which Whitebacked planthopper(WBPH), rice thrips, leaffolder and Brown 

planthopper (BPH) are most importance insect pests especially WBPH is from minor to 

became major pest.  

3.2.Rice thrips on hybrid rice: The periodical investigation results in the spring crop 

showed that thrips appeared 3 egg, 4 larval and 4 adult peaks. All of the peaks  appeared 

in young stage of rice(After transplanting to booting stage).Time of  each peak  was 13 

– 17 days apart. At each peak, it was needed to control thrips as soon as the top end of 

leaf was curly and became yellow brown.(Figure 1).  The later the sowing, the more 

spraying to control rice thrips.

The parent line and F1 seed production fields have a specific characteristic in which the 

time to sow and transplant rice lasted in long time. This is a suitable factor making the 

thrip appearance and development as the food condition of the first crop is not good, 

thrips will migrate to infest the later crops with the younger seedlings.

Figure 1: Population dynamic of rice thrip on the hybrid rice, HYT92  

                                 – Spring winter 2004 – Co Nhue – Hanoi 

Note: Till. : Tillering         Boot.: Booting          Flow.: Flowering 
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Figure 2: Larva density of thrips on the different cropping 

patterns – Spring  season 2002 – Co Nhue - Hanoi 

In order to limit the spray time to control thrips at the seedling stage, seed treatment 

using insecticide is considered to reduce the thrip density on seedling beds. In the spring 

crop, the efficacy of three insecticides: Actara 25WG, Confidor 100SL and Phibronin 

50SL lasted in 26 days after sowing in which Actara 25WG and Confidor 100SL was 

significantly better than Phibronin 50SL (67,54% and 75,55% in 26 days after sowing -

table 1a). 

Table 1a: Seed treatment to control thrips – Spring 2004 – Co Nhue - Hanoi 

Treat

ment 

13 days after 

sowing

15 days after 

sowing

19 days after 

sowing

26 days after 

sowing

Density

(thrips/

plant)

E (%) Density 

(thrips/

plant)

E (%) Density 

(thrips/

plant)

E (%) Density 

(thrips/

plant)

E (%)

I 0.99b 74.75 0.67a 86.23 2.84ab 78.02 4.46ab 67.54

II 0.45a 88.64 1.11b 77.13 3.27b 74.66 5.61b 59.19

III 0.63ab 84.07 0.91ab 81.27 2.51a 80.60 3.36a 75.55

IV  3.93c  4.84c 12.92c 13.74c 

I : Actara 25WG     III:  Confidor 100SL  E (%): Efficacy 

II : Phibronin 50SL                IV: Control 

In the summer crop, the seed treatment experiment resulted in Actara 25WG and 

Cruiser 312.5 FS had a high and long efficacy in 19 days after sowing while Marshal 

200SC was the worst with the highest efficacy obtained at 8 days after sowing (68.19%) 

and then it reduced gradually at the later days (Table 1b). 
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Table 1b: Seed treatment to control thrips

– Summer 2004 – Co Nhue - Hanoi 

Treat-

ment 

6 days after 

sowing

8 days after 

sowing

12 days after 

sowing

19 days after 

sowing

Density

(thrips/

plant)

E (%) Density 

(thrips/

plant)

E (%) Density 

(thrips/

plant)

E (%) Density 

(thrips/

plant)

E (%) 

I 1.90b 54.83 0.69a 85.75 0.65a 89.46 0.21a 80.00

II 2.60c 38.19 1.53b 68.19 3.13c 48.91 0.67c 34.84

III 0.56a 86.69 1.00a 79.25 1.49b 75.76 0.37b 64.52

IV 4.21d  4.82c 6.13d 1.03d 

I: Actara 25WG                 III:  Cruiser 312.5 FS   E (%): Efficacy 

II: Marshal 200SC              IV: Control 

3.3. White-backed planthopper (WBPH) and brown planthopper (BPH) in hybrid rice 

           In recent years, WBPH population has tended to dominate the BPH’s one in the 

rice field.  In 1981(mostly using of IRRI rice varieties), the WBPH population was only 

half of BPH but the rate has changed inversely and the rate of WBPH/BPH was double 

in 2007(since 1996 mostly using of Chinese rice varieties) (Figure 3) 

                Figure 3: Rate of WBPH/BPH population on the rice field 

The hybrid rice area is increasing gradually year by year. This brings about the 

complicated pest situation on the field. In the first ten days of May 2000, WBPH  were 

broken out and caused the local hopper-burn in Hai Phong, Ninh Binh, Ha Nam.... The 

investigation results showed that the outbreak of WBPH related to 3 coincident factors, 

there were the concentration of late spring crop, widespread use of hybrid rice varieties 

imported from China and the climatic conditions: warm weather, less rain and sun. 
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Figure 4: Population dynamic of WBPH in the years of 1981 and 2000

– Red River Delta – Vietnam 

(1- Seedling; 2- Tillering; 3- Booting; 4- Flowering – Ripening) 

           Booting stages were damaged  seriously (from 25 of Apr – 10 May and hopper- 

burn symptom occurred after 10 May). The end of Apr in the spring crop and early of 

September in the summer crop is the time needed to control WBPH (Fig. 4).  

There were 3 generations of BPH and WBPH in a crop in hybrid rice field but the 

fluctuation quite difference. Density of BPH population obtained highest in the third 

generation while WPBH population is in the second generation and  very small one in 

the third. Tendency of WPBH is dominated in comparison with PBH  (Fig.5). 

Figure 5: Population dynamic of BPH and WBPH

on the hybrid rice variety – Tap Giao 5 – Summer crop 2003 – Nam Dinh

(Till. – Tillering; Max till. – Max tillering; Boot.- Booting; Early Flow.- Early 

Flowering; Flow.- Flowering; Rip.- Ripening) 
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          Over- winterring of the insect is very importance for forecasting, the 

investigations were conducted in the fields( in Vinh phu province) and in the 

greenhouse  showed that  both WBPH and BPH had occurred a new generation in the 

tillering stage in the cold month (end of Jan- 2006). This proved that in winter season in 

Northern Vietnam BPH and WBPH could develop normaly if they can get host plant 

(Fig.6).

Figure 6: The population dynamic of BPH and WBPH in winter-spring season 

 in Melinh-Vinhphuc-2006( lowland and single rice)

Sowing: 25/10; transplanting: 9/12; Variety: Local sticky rice 

Figure 7: Population dynamic of WBPH in the greenhouse

in spring season-2006 

          In the green house (with young stage of rice) in winter season WPBH could get 3 

generations (early Nov, early Feb and early Apr). The one difference thing is the time 

between generations longer than in comparison with summer season (nearly 90 days 

from the first generation to the second and nearly 60 days from the second to the third – 

fig 7). 

The fluctuation of WBPH population in the spring and summer crop in Hai Phong 

indicated that WBPH obtained the higher density in hybrid rice than in inbred rice. 

Therefore, it is necessary to arrange rice varieties reasonably for rice production areas in 
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which hybrid rice and inbred rice need to be cultivated alternately to limit the 

development of this pest.  

           In order to reconfirm the field investigations, the host plant selection experiment 

was done in the green house. The results showed that WBPH presented clearly their 

host selection after 12 - 72h releasing in which WBPH congregated in hybrid rice Duu 

527 much more than other rice varieties (Table 2). 

                     Table 2: Distribution of WBPH population after releasing 

                               on the different varieties (Stage 4-5 leaves) 

The fecundity, female longevity and hatchbility of WBPH were not only depended on 

temperature and humidity but also on food condition(rice varieties). The fecundity of 

WBPH on TN1 (susceptible variety) and D uu 527 (hybrid rice imported from China) 

was much higher than that on C70 and IR53386(table 3). The results suggested that 

WBPH has a strong reaction with rice varieties in which the hybrid is special preferred 

and suitable more than inbred and rice varieties originated from IRRI.   

In the years of 2006-2007, outbreaks of BPH and virus diseases are happening 

complicatedly in the South of Vietnam. The situation suggests that the virulence of BPH 

strains in Vietnam is changing. The biotype experiments in the greenhouse has affirmed 

this comment. The virulence of BPH population in Khanh Hoa(Southern Centre) seems 

to be similar to that in Hatay, Hai Phong, and Quang Ninh. Overall, the virulence of 

BPH in the South was higher than that in the North and Centre(Table 4) although the 

situation in the North is changing in which the hopper burn symptom occurred in the 

rice variety CR84-1 carrying bph2 gene in 2006.  

Table 3: Some biological characteristics of WBPH 

 in hybrid and inbred rice 

Varieties Fecundity 

(eggs/female) 

Hatchability

 rate (%) 

Female longevity 

(days)

Duu 527  

(Chinese hybrid) 

113 ± 23.48 c 91.1c 24.5± 1.64c 

Bac thom 

(Chinese inbred) 

69.2  ±11.01b 90.1c 20.4±0.89c 

Khang dan 

(Chinese inbred) 

78.0 ±7.63b 90.6c 21.8±1.23c 

C70

(IRRI inbred) 

49.2  ±11.24a 86.4b 16.7±0.98b 

IR53386 

(IRRI inbred) 

39.2  ±5.66a 50.9a 10.8±0.95a 

No Varieties  12h 

(individual)

        24h 

(individual)

 48h 

(individual ) 

72h

(individual ) 

1 D.uu 527 6.30 3.60 2.80 2.30 

2 Bac thom 6.10 3.20 3.10 1.80 

3 Khang dan 4.70 2.60 1.80 1.00 

4 C70 5.40 3.00 2.60 2.20 

5 IR53386 3.20 1.40 1.00 0.70 
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Table 4 Virulence of the BPH strains in some provinces of Vietnam - 2007 

Rice varieties Resistant gene(s) Hai 

Phong 

Quang

Ninh

Ha Tay 

Khanh

Hoa

Long An

Taichung 69 None 9.0 9.0 9.0 9.0 9.0 

Taichung 65 None 9.0 9.0 9.0 9.0 9.0 

TN1 None 9.0 9.0 9.0 9.0 9.0 

Mudgo Bph1 9.0 8.7 8.3 8.3 6.0 

       

ASD7 bph2 9.0 8.3 9.0 9.0 7.5 

Rathuheenati Bph3 7.7 7.3 6.3 6.3 5.3 

       

Babawee bph4 6.3 5.7 6.3 5.0 5.3 

Swarnalata Bph6 5.0 5.0 5.0 5.7 5.2 

       

T12 bph7 7.0 5.0 5.0 5.7 - 

Chinsaba bph8 5.0 4.3 6.3 5.0 5.3 

Ptb33 bph2 & Bph3 0.0 1.0 1.0 - 3.0 

Figure 10: BPH population density on resistant variety (CR84-1) in the field in 

Thach That – Ha tay province 

A case study of Dai dong village in using of resistant rice variety CR84-1(bearing 

resistance bph2 gene) has proved the change in virulence of BPH in the North of 

Vietnam.

The yearly investigation results indicated that BPH population density was increasing 

year by year (Fig.10). In the winter – spring crop of 2006, the hopper burn symptom 

was found locally in the CR84-1 field in Dai Dong village, Ha Tay province after 20 

years using this resistant variety(equivalence with 40 – 60 generations).  

4. Conclusions 

           Hybrid rice production usually faces some major insect pests, such as thrip, 

whitebacked planthopper, leafolder and stemborer. Rice thrip is a serious pest causing 

much damage on seedling beds and rice plants at the pre – tillering stage especially in 

the fields of parent lines. There are about 4 larva picks of thrips at the pre-tillering stage, 

each peak was about 13-17 days apart. The later crop was the more sprays to control 

this pest needed. The early spring crop was damaged lower than the later one. Seed 

treatment using the insecticides, such as Actara 25WG, Confidor 100SL and Cruiser 
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312.5FS, limited the presentation and damage of thrips for long time. At the end of 

seedling stage, the efficacy of insecticide still obtained 67-80%. 

          Since 1997, WBPH has become major pest in Northern Vietnam. The average 

rates of WBPH/BPH in the field are 34.6%, 56.4% 65.4% and 72.5% in 1981, 1996, 

2005 and 2007, respectively. In each rice crop, there are 2 – 3 generations of WBPH but 

the booting stage is much infected (the end of April in the spring season and from 20/8 

– 10/9 in the summer season).In booting stage, WBPH and leafolder are the important 

pests needing to control. 

         The density of WBPH in hybrid rice is normally higher than that in inbred rice. 

Moreover, from tillering to booting stage, WBPH density was higher than BPH, then it 

decreased gradually and from flowering to harvesting, BPH was somewhat higher. 

Biological experiments in the lab also resulted in the fecundity and hatchability of 

WBPH reared by hybrid rice is higher than that by inbred rice. In the other hand, the 

virulence of BPH in the North of Vietnam is changing although the trend is still 

following the rule that BPH strains in the South (Long An) is more virulent than that in 

the North and Centre.
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A Case Study for N Fertilizers Used for Rice and Some Environmental 

Problems Relating to Accumulation of NO
3

-

and NH
4

+

 in Spring Rice in 

the Phu Dong Commune, Gia Lam District 

Do Nguyen Hai, Nguyen Thi Hai 

Hanoi University of Agriculture 

Trauqui, Gialam, Hanoi, Vietnam 

Abstract 

     N fertilizer is one of three macro essential nutrients for general crops and rice. In Viet 

Nam, every year a big amount of N fertilizer is produced and imported to serve 

agricultural production. However, the use of N fertilizer for intensive rice is needed to 

study the balance of nutrients and suitable splitting in order to control the high 

accumulation of NO
3

-

and NH
4

+

 in surface and ground water. A case study on the use of 

fertilizer in 50 households in Phu Dong commune had shown that the amount of N 

fertilizer applicable for rice was high (around: 90-163 kg N/ha/season). In most cases the 

fertilizer application was an imbalanced supply of N, P, K, especially between N and 

P
2
O

5
. While the amount of fertilizer N to be applied per split application was not suitable 

(mainly one basal N application and two topdressing times) that caused to accumulate 

high NH
4

+

 and NO
3

-

in some stages took them over and threat pollute surface and ground 

water. The first result of the study case was helpful for the recognition of suitable 

amounts of N fertilizer for the highly intensive rice area in the Red River Delta. 

Key Words: N fertilizer, NO
3

-

, NH
4

+

, rice plant

Introduction 

The extraordinary population growth during the last century has resulted in 

increasing food consumption. Thereby, to meet the demand for food supply, there is a  

need to increase agricultural productivity which is mainly dependant on food crops and 

mineral fertilizers. 

The major nutrients supplied for all crop growth are nitrogen, phosphorus, 

potassium, and others, such as sulfur, calcium and magnesium. However, nitrogen 

fertilizer still occupies the majority of nutrient need. For rice production, N fertilizers are 

the most important nutrients. The amount of nitrogen nutrients which are essential for the 

growth and development of rice is around 100 kg N/ha. Without supplying sufficient N 

fertilizer the paddy soil will lack this nutrient (follow Ishizuka and Yoshida…). 

In Viet Nam every year, the amount of mineral fertilizers used for rice production 

increases continuously. Nitrogen fertilizer is used in high levels in paddy fields. 

Especially under waterlogged and poor drainage conditions, excessive use of nitrogen in 

paddy fields can lead to high nitrate and ammonium concentration accumulation in 

surface and soil solution. It is consequently considered to be a source affecting pollution 

and the eutrophication of water. The use of fertilizer N for rice should be evaluated at an 

appropriate rate and suitably divided in order to limit conflicts with environmental 

interests. The case study concerning N fertilizers for rice cultivation and the resulting 

environmental problems relating to accumulation of NO
3

-

and NH
4

+

 was the spring rice in 

Phu Dong commune, Gia Lam district. This rice exemplifies the general hazards of using ���



fertilizer N and its effects on surface and ground water in the paddy fields of the Red 

River Delta.

Purpose of study: 

• Study the changes in NH
4
+ and NO

3
- concentrations in surface and ground water 

of paddy fields and depth wells in Phu Dong commune. 

• Identify the trends in use of N fertilizer effectively and decrease the negative 

effects to environment in commune.

Materials and Methods 

Method of measuring chemical parameters 

• Dissolved Oxygen, pH, Eh measured by Horiba 

• BOD
5
was measured at 20

o

C in 5 days 

• NH
4

+

 was measured by using Nessler method 

• NO
3

-

 was measured by using UV/VIS 

Content of study: 

• Identify the effects of fertilizer use and Nitrogen fertilizer doses on rice in Phu 

Dong commune. 

• Monitor the changes in NH
4
+ and NO

3
- concentration in surface water and some 

depth wells which are near the paddy fields. Evaluate and ensure that water 

quality adheres to Vietnamese Standards. 

• Select suitable use of fertilizer N basing on economic yield. 

Results 

     Estimate N nutrient used and recommend rates of N fertilizer use and real-time 

management. 

Table 1. Amount of fertilizer N applied for spring rice cultivation 

Level of urea applied for 

spring rice (kg/ha) 

Nitrogen content 

(kg/ha) 

Rice yield 

(t/ha) 

Ratio of farmhouse 

hold apply (%) 

High 163 6.3 12 

Medium 135 5.8 67 

Low 90 5.2 21 

Table 1 shows the amount of fertilizer N applied for spring rice (2007) in 30 

farming households. This data was surveyed in the Phu Dong commune and results were 

classified in three levels of N fertilizer application: 

• First, a high level of Nitrogen fertilizer application contains an amount of 163 kg 

N/ha/crop (around 354 kg urea/ha/season).  

• Second, a medium level of N fertilizer application contains an amount of 135 kg 

N/ha (around 293 kg urea/ha/season)  

• Finally, a low level of N fertilizer application contains an amount of 90 kg N/ha/ 

season (around 90 kg urea/ha/season). 

Almost all N fertilizers used for rice in Phu Dong were chemical fertilizers because 

all organic fertilizers were used on winter crops or biogas production. Based on the data ���



of amount of nitrogen fertilizer used (in Table 1), we can estimate input amounts of N 

through fertilizer application and output amounts of nitrogen up to take-in seed and crops 

straw from paddy fields. Results are shown in Table 2. 

Table 2. Estimate amounts of N input and output 

N input from 

fertilizer 

(kg/ha) 

Rice yield 

(t/ha) 

Straw yield 

(t/ha) 

N rice removal from 

seed and straw 

(kg/ha) 

Estimate of N 

apply and 

remove (kg/ha)

163 6.3 4.4 91.28 71.72 

135 5.8 3.9 82.92 52.08 

90 5.2 3.1 72.28 17.72 

As the data shows in Table 2, causes of not calculating the loss of N in 

denitrification and leaching process, in all cases, the amounts of N fertilizer applied for 

crops are higher than those removed by crop.  

Total N fertilizer was divided for use in 3 main periods: basal application, 

duration of land preparation; early tilling, and the panicle initiation period. 

Table 3. The rate of fertilizer N splitting for rice (kg/ha) in spring season. 

Timing 

High level 

(kg N /ha) 

Med. Level 

(kg N /ha) 

Low level 

(kg N /ha) 

Basal (preplant) 95- 100 79- 85 52- 63 

Early tillering 40- 48 32- 42 18- 25 

Panicle initiation 20- 23 14- 18 9- 13 

Total 163 135 90 

The amounts of N fertilizer applied for basal application accounts for 60- 70 % of 

the total amounts of fertilizer. The remaining (30- 40%) was divided into two parts; 

topdressing (early tillering), around 20- 30%; and (panicle initiation) around 10%. The 

excess use of fertilizers in the early stages of the crop seasons cause an increase in the 

amounts of N accumulated in the surface water and ground. In order to identify the 

concentration of nitrate and ammonium in surface and ground water, water samples were 

collected and measured 15 days after transplanting in 3 representative places in paddy 

fields, and 3 deep wells near paddy fields. Results are shown in Table 4 and Table 5:      

Table 4. Changes in NO
3

-

and NH
4

+

 concentration, pH, DO and Eh in the surface water of 

paddy fields 

Measuring date pH DO 

(mg/L) 

Eh

(mV) 

Nitrate
-

N conc. 

(mg/L) 

Ammonium-N conc. 

(mg/L) 

March. 5 6.67 3.83 194 1.80 4.20 

March. 20* 6.48 3.60 154 1.49 3.55 

April. 5 7.25 4.68 239 0.69 0.50 

April. 20** 6.52 4.22 187 1.60 2.26 

May. 5 6.89 5.52 211 0.55 0.67 

May.20 7.02 4.57 238 0.23 0.24 ���



Concentration of NH
4

+

, NO
3

-

 in paddy field
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Fig. 1. The change in concentrations of NO
3

-

and NH
4

+

 in paddy fields 

In Table 4, regarding the surface water, high data were recorded after 

transplanting and after first top dressing (form Feb 25
th

 to March 20
th

 and April 20
th

). 

Over the period, average concentrations of NO
3

-

 and NH
4

+

 varied from 1.49mg/L to 

1.80mg/L and from 3.55 to 4.20mg/L, respectively. These concentrations thereafter 

decreased considerably in March 5
th

 to 0.69mg/L for NO
3

-

 and 0.38mg/L for NH
4

+

. On 

April 20
th

 the concentration of NO
3

-

 rose sharply 1.6mg/L and the concentration of NH
4

+

also climbed rapidly to 2.26mg/L. These increases of nitrate and ammonium were 

affected by a second topdressing before April. 20. After that the concentration of nitrate 

and ammonium gradually decreased to 0.23mg/L and 0.24mg/L, respectively (at May. 

20).    

Following Vietnamese standards (TCVN 5942- 1995) the concentration of NH
4

+

in surface water of the paddy fields was 2-3.5 times higher than Vietnamese standards 

during the period of time from March to April. The highest concentration of NO
3

-

recorded in surface water was only 1.8mg/l, an acceptable value for Vietnamese 

standards. 

Table 5. The change in NO
3

-

 and NH
4

+

 concentration and pH measured in ground water. 

Measuring 

date 

pH DO 

(mg/L) 

Eh

(mV) 

Nitrate
-

N  conc.

(mg/L) 

Ammonium-N conc. 

(mg/L) 

March. 5 5.71 1.13 277 0.78 4.60 

March. 20* 6.07 1.52 213 0.80 4.56 

April. 5 6.29 2.47 261 1.60 3.93 

April. 20** 5.95 2.03 200 2.68 4.25 

May. 5 6.08 4.83 192 2.85 4.68 

May.20 6.44 2.78 94 2.76 4.82 
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Fig. 2. The change in concentrations of NO
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 in deep wells 

Figure 2 illustrates the changes in concentrations of NO
3

-

and NH
4

+

 from March to 

May. Water samples were collected in deep wells in residential areas which are close to 

the boundaries of paddy fields. The recorded results changed considerably.  

The concentration of NO
3

-

 in ground water rose gradually from just 0.78mg/L in 

March 5
th

 to 0.8 in March 20
th

, before reaching a peak of 2.85mg/L in May 20
th

. In one of 

the deep wells we obtained concentrations of 5.21 mg/L.  

Similarly, the concentration of NH
4

+

 in ground water also increased from March 

to May but at a higher level from 3.93mg/L to 4.82mg/L. The accumulations of nitrate 

and ammonium concentration in ground water that mainly stem from the leaching of 

surface water and concentrations of  NH
4

+

 is higher than NO
3

-

 caused by anaerobic 

conditions in ground water (DO<2mg/L  and Eh: 68- 277mV). Following the drinking 

standards of Ministry of Medical service, the highest concentration of ammonium in 

drinking water is acceptable (under 1.5mg/L) so that to compare with measuring data in 

ground water of studied points in Phu Dong commune, the level of  NH
4

+

 was higher than 

VN standards around 4- 5 times.  

 In order to control the concentration of NO
3

-

 and NH
4

+

 in surface and ground 

water, it is necessary to calculate N fertilizer rates and the period of N management 

application practices. N management will be more successful and less harmful to the 

environment when it is used in correct amounts and real-time splitting. We recommend 

that the total N should be applied for spring rice in fluvial soils of Phu Dong is 

approximately 110- 130kg/ha. Splitting applications should be in accordance with the 

growth stage of crops following basal, early tillering, panicle initiation and flowering 

applications.  

Conclusion 

1. In Phu Dong commune, N fertilizer was over-used for spring rice, amounting to 

135- 163 kg N/ha. The total N fertilizer was spit in three periods of time with 60- 70 % of ���



total N for basal application. The remaining amount (30- 40%) was used for two periods 

including top dressing period (early tillering) with around 20- 30%; and panicle initiation 

period with around 10%. 

2. The concentration of NO
3

-

 and NH
4

+

 in surface and ground water were changed 

and effected by fertilizer N application in basal and topdressing. Compared to 

Vietnamese standards (TCVN 5942- 1995), the concentration of NH
4

+

 in surface water 

reached a peak in during March and April which was 2 to 3.5 times higher than Vietnam 

standards; however the highest concentration of NO
3

-

 recorded was lower than 

Vietnamese standards. 

3. To compare the measured data of ground water in studied points with VN 

standards, the value of NH
4

+

 concentration was 4- 5 times higher than the standards.  

Table 6. Recommended rates of fertilizer N splitting for spring rice (kg/ha) in Phu Dong 

commune. 

Timing Amount of total N (kg) Percentage (%) 

Basal (preplant) 40 31 

Early tillering 30 23 

Panicle initiation 45 35 

Heading to flowering 15 11 

4. For controlling NO
3

-

and NH
4

+

 concentration in surface and ground water, 

recommendation for the use of N fertilizer in spring rice that used total of N from 110 to 

130 kg/ha, it needed splitting in 4 times (as showed in Table 6).  
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Abstarct 

This paper reviews the status of heavy metals in agricultural soils of Vietnam. The 

concentrations of heavy metals in soils fundamentally depend on the concentrations in 

parent rocks from which the soils are derived. Soils are the most significant sink for 

heavy metals released into the environment by human activities, including industrial, 

municipal, and agricultural ones. Thus the present status of heavy metals in soils either in 

the natural or agricultural ecosystem reflects the supply from the sources of both parent 

rocks and anthropogenic additions. Different inorganic and organic compounds 

contaminated in the industrial, metal and municipal wastes are directly discharged to 

surface water such as rivers, canals, ponds/lakes and marshes. Soil pollution is caused by 

use of polluted surface and groundwater for irrigation purpose and by application of the 

organic-rich but heavy metal-contaminated sediment for keeping soil fertile, or by direct 

discharge of untreated wastes from factories and trade villages to agricultural land. 
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Abstract

The objective of this study is to identify which soil properties and extraction 

conditions control the quantity of Cd extracted by HCl. Acid extraction is frequently 

used for assessing the phytoavailability of heavy metal in soil, but the extraction 

mechanisms of heavy metal from soil is not well known.  

We performed an HCl-extraction of Cd contaminated paddy soil having a Cd 

content of 15 mg kg
-1

, followed by the sequential extraction of residual Cd with 1 M 

KCl or 1 M CH
3
COONH

4
 in order to determinate the exchangeable cations. In addition, 

a numerical model incorporating cation exchange reactions, surface complexation, and 

mass balance was developed to describe the behavior of Cd during HCl extraction. The 

total amount of surface functional group, cation exchange capacity (CEC), the amount 

of released Al from soil, acid concentration, and total amount of Cd were chosen as 

adjustable parameters in the model calculation. 

In the acid extraction experiment, 0.1 M HCl extracted 89 % of Cd from the soil 

after 24 hours. Al and Fe were released into the solution from soil minerals under high 

concentrations of proton. The concentration of Al and Fe increased in 24 hours.  

The numerical model well describes the Cd concentration in the extract. According 

to the result of the numerical model, a small amount of Cd formed surface complexes 

under highly acidic conditions. As the acid concentration or the amount of released Al 

increased, the concentration of dissolved Cd increased, while the increase of CEC 

resulted in the decrease of Cd concentration in the extract. The total amount of Cd did 

not change the Cd distribution rate significantly. 

The key factors that governing Cd concentration in HCl extract are CEC, acid 

concentration, the amount of released Al and total Cd content. The acid extraction 

mechanism of heavy metals from the soil is very complicated, and it is difficult to 

uniquely relate the amount of acid-extractable metals to their phytoavailability. 

 

Key Words: 

soil pollution, heavy metal, cadmium, acid extraction, numerical model, mineral 

dissolution 

 

Introduction 

Soil pollution by cadmium (Cd), which is one of the most toxic heavy metals, can be 

found in or near urban and industrial areas. High Cd content in rice and vegetables 

grown in Cd-polluted soil is harmful to human health. 

Heavy metal-contaminated soil is often treated with acid to evaluate the available 

fraction of heavy metal (Mirsa and Pandey, 1976; Chojnacka et al., 2005) and to 

remediate the soil contamination using soil flushing (Reed et al., 1996; Davis et al., ���



1998) or electrokinetic technique (Acar and Alshawabkeh, 1993). Heavy metals 

adsorbed by soil components are readily dissolved with an acid solution due to the high 

affinity of protons to the soil surface. In heavy metal extraction, diluted HCl has often 

been used. 

The quantitative prediction of the concentration of extracted Cd by acid from soil is 

helpful for estimation of the phytoavailability of heavy metals in soil, as well as to 

obtain the optimal conditions under which the high remediation efficiency can be 

achieved. The distribution of heavy metals during acid extraction is controlled by the 

chemical equilibria of several reactions such as cation exchange, surface complexation, 

and mineral dissolution. However, a comprehensive model which includes all the 

reactions is has not been established. 

The objective of this study is to identify which soil properties and extraction 

conditions control the quantity of Cd extracted by HCl. For this study, a numerical 

model was developed to describe the behavior of Cd during HCl extraction and the 

calculation was confirmed by comparison to the experimental results. The adjustable 

parameters which express the soil property and extraction conditions in the model were 

used to observe effects on the concentration of extracted Cd from the soil. 

 

Materials and Methods 

Surface soil sample (0-15 cm) was collected from a Cd-contaminated paddy field in 

Fukuoka, Japan. The sample was air-dried and passed through a 2-mm sieve. Some 

properties of the soil samples were listed in Table 1. Total Cd concentration was 

analyzed using a method developed by Asami and Kato (1977). 

In order to investigate the behavior of Cd and other relevant cations during 

acid-extraction, sequential extractions with 0.1 mol L
-1

 HCl, and 1 mol L
-1

 KCl or 1 mol 

L
-1

 CH
3
COONH

4
 were carried out. Ten g portions of soil samples and 50 mL of 0.1 mol 

L
-1

 HCl were reacted in 85 mL centrifuge tubes for 24 hours and the supernatant was 

collected after filtration. The residual soil sample was extracted three times with 1 mol 

L
-1

 KCl and 1 mol L
-1

 CH
3
COONH

4
 in a similar manner in order to determine the 

exchangeable cations. The filtrate was collected in a 100 mL volumetric flask. The acid 

and KCl extracts were analyzed for Cd, Al and Fe with ICP-AES and the acid and 

CH
3
COONH

4
 extracts were analyzed for bases with AAS. 
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Results and Discussion 

Table 2 shows the experimental result of sequential extraction. The 0.1 mol L
-1

 HCl 

extracted 13.3 mg kg
-1

 was 89 % of Cd in the soil. Since Al and Fe were dissolved from 

soil minerals and occupied about 80 % of exchangeable sites, the mineral dissolution 

should have a strong influence on the behavior of Cd during acid extraction. 

Considering the experimental result, the chemical behavior of Cd on the acid 

extraction of soil was described using a model in which the cation exchange reaction 

and surface complexation were incorporated. The amount of dissolved Al was arbitrarily 

given in this model because mineral dissolution does not achieve chemical equilibria 

within 24 hours. In addition, no empirical equation that provides dissolution kinetics has 

been established.  

In this model, the chemical equilibria among H, Ca, Cd, and Al were considered. 

The exchangeable cations in the soil were mostly Ca and Mg (Table 1). It is reasonable 

to assume that the exchangeable cation is exclusively Ca since the selectivity coefficient 

of a Ca-Mg exchange reaction is near unity. Because of similar reasons, Al was assumed 

to be exclusively dissolved from soil minerals during the acid extraction. 

Cation exchange reactions in acid solution were represented by 

CaX
2
 + 2H

+

 = Ca
2+

 + 2HX                       (1) 

CaX
2
 + Cd

2+

 = Ca
2+

 + CdX
2                                 

(2)

3CaX
2
 + 2Al

3+

 = 3Ca
2+

 + 2AlX
3
                    (3) 

where X
-

 represents a permanent negatively charged site on the soil surface and CdX
2
 

denotes the electrostatically adsorbed Cd, which is known as exchangeable Cd. The 

Gains-Thomas selectivity coefficients for each cation exchange reaction (Gains and 

Thomas, 1953) are defined as: 
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where E is the charge fraction of adsorbed cation and γ is an activity coefficient. 

The following reaction equations were used to describe the surface protonation and ���



surface complexation of Cd: 

SOH + H
+

 = SOH
2

+

                         (7) 

SOH + Cd
2+

 = SOCd
+

 + H
+

                      (8) 

where SOH denotes the surface functional group and SOCd
+

 represents the surface 

complexed Cd. In the constant capacitance model (Goldberg, 1992), intrinsic 

equilibrium constants for the surface complexation reactions are defined as: 









 Ψ

⋅

=
+

+

+

RT

F

K Exp

]H[}SOH{

}SOH{

(int)
2                        (9) 









 Ψ

−

⋅

⋅

=
+

++

RT

F

K Exp

]Cd[}SOH{

]H[}SOCd{

(int)
2Cd

                     (10) 

where braces indicate the concentration of surface complexes (mol kg
-1

), F is the 

Faraday constant (C mol
c

-1

), ψ is the surface potential (V), R is the molar gas constant (J 

mol
−1

 K
−1

), and T is the absolute temperature (K). Ψ can be expressed as follows: 

S

F

S

F

κκ

σ })SOCd{}SOH({
2

+
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+

==Ψ                    (11) 

where κ is the inner-layer capacitance (Farads m
-2

), S is specific surface area (m
2

 kg
-1

), 

and σ is surface charge (C m
-2

).

In addition, the following equation describing mass conservation holds that: 
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where CEC is the cation exchange capacity (mol
c
 kg

-1

), V is the volume of acid solution 

added per kg of soil, [cation]
T
 and {SOH}

T
 are the total concentrations of each cation 

and total surface complexation concentration (mol kg
-1

), respectively. Electrical 

neutrality in the solution is described as: 

V

H

}SOH{
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++++

−=+++
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where H
add

 is the concentration of added acid. 

   Activity coefficient of ion i at 25 °C is obtained using the Debye-Hückel equation as 

follows: 
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where z
i
 is valence of of i and I is ion strength defined as: 

∑ ⋅=

ii

CzI

2

2

1
                           (18) 

With the parameters listed in Table 3, Equation (4) through Equation (6) and 

Equation (9) through (18) were simultaneously solved using the Newton-Raphson 

method. 

To confirm the the applicability of the model, the calculation results with and 

without the effects of mineral dissolution were compared to the experimental result 

(Table 4). When the amount of dissolved Al was set to 0.12 mol L
-1

, which is the sum of 

dissolved Al and Fe in the acid extraction (Table 2), the calculated concentration of ���



extracted Cd was very close to the measured concentration of Cd in the 0.1 mol L
-1

 HCl 

extracting agent. Thus, it can be seen that the model is quantitatively consistent with the 

experimental results and is practical for an investigation of the behavior of Cd during 

acid extraction. 

 

 

 

 

The total amount of the surface functional group, cation exchange capacity (CEC), 

the amount of released Al from soil, acid concentration, and total amount of Cd were 

chosen as adjustable parameters in the model calculation. 

The results of effects of a surface functional group concentration on the chemical 

distribution of Cd were omitted since the Cd can scarcely form a surface complex under 

such highly acidic conditions from the calculation results. ���



Figure 1 shows the variation of Cd chemical distribution with varying CEC in 0.1 

mol L
-1

 HCl extractions. When the CEC value was zero, almost all of Cd was dissolved. 

Increasing the CEC value decreased the extracted-Cd concentration. 

The effects of mineral dissolution and HCl concentration on Cd chemical 

distribution is shown in Fig. 2. Higher HCl concentration appears to lower the 

exchangeable Cd. The extracted Cd increased as the dissolved Al increased. The effects 

of mineral dissolution on the Cd chemical distribution were stronger in the 0.05 mol L
-1

 

HCl than in 0.1 mol L
-1

 HCl. If the HCl concentration is the same, the extracted Cd 

increased with an increasing dissolution of Al in higher CEC rather than lower CEC. 

Figure 3 shows the effects of total Cd content on the chemical distribution of Cd. 

Total Cd content varied from 0 to 1500 mg kg
-1

. Although the Cd content of 1500 mg 

kg
-1

 is considerably higher than actually observed, the extracted Cd exhibited an almost 

linear increase in the range of calculation. It means that the total Cd content did not 

have an effect on the extraction rate of Cd.

 ���



The results of the numerical model indicate that the key factors governing Cd 

concentration in HCl extract are CEC, acid concentration, the amount of released Al and 

total Cd content. This means that the reaction time and solid/solution ratio can be 

important for the chemical distribution of Cd in acid solution. Thus, the acid extraction 

mechanisms of heavy metal from the soil are very complicated, and it is difficult to 

uniquely relate the amount of acid-extractable metals to their phytoavailability. An 

equation which calculates the amount of mineral dissolution is necessary to predict the 

distribution of Cd during HCl extraction. This is because the extent of soil mineral 

dissolution strongly affects the behavior of Cd during the acid extraction. 
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Abstract

The intensification of irrigated rice production create� outbreaks of secondary 

pests, notably the brown planthopper, Nilaparvata lugens (Stal), which was previously 

of minor significance. The study was conducted in an effort to describe the biodiversity 

indices and herbivore-natural enemy community structures of rice ecosystems 

associated with brown planthopper outbreaks in some sites in the Red River Delta. 

Obtained results indicate that all samples collected from rice fields associated 

with BPH outbreaks have�a very high total abundance and vary from 602.6 in sample of 

Vu Ban (Nam Dinh) to 3529.2 in sample of Dong Anh (Ha Noi). The Shannon's index 

H' in rice fields associated with BPH outbreaks was very low, and reached only 0.04 - 

0.21 in comparison to 0.82 in rice fields without BPH outbreaks. In the years without 

BPH outbreaks, the Shannon's index H' in rice fields in the Red River Delta can reach 

2.37 - 2.97. In contrast, the Simpson's index D in rice fields associated with BPH 

outbreaks was very high, approximately 1. This index in the rice fields without BPH 

outbreaks was lower (0.64). 

Species richness in the rice fields associated with BPH outbreaks was not high. 

A total of 6 - 17 species were encountered from all studied sites. Both diversity indexes 

N
1
 (the number of abundant species) and N

2
 (the number of very abundant species) were 

very low, and reached only 1.04 - 1.23 and 1.01 - 1.09 (respectively). The index E
5

(species evenness) also was very low (approaching zero) because only a single species 

becomes more dominant in the rice fields associated with brown planthopper outbreaks. 

Key Words: Brown planthopper outbreak, Herbivore-natural enemy community, 

Introduction

The intensification of rice (growth of high-yield rice varieties, overuse� of

nitrogenous fertilizers, wide use of chemical pesticides) have led to many changes in 

structure of the arthropod community in rice fields in a manner of decrease in biological 

diversity. Consequently, rice-based ecosystems became unsustainable due to� the 

increasing severity of the insect pest problem. The occurrence of outbreaks of main rice 

pests (such as the brown planthopper or rice leaffolder,...) indicates an expanding 

regularity on a large-scale.

Nowadays, man knows relatively little about the ecological mechanism resulting in the 

reduction of a stable agricultural ecosystem. There is also little known of the important 

role of natural enemy diversity in maintaining�a pest-control function (Drechsler et al., 

2001; Lee, J.H., 2001; Way et al., 1994; Wilby et al., 2002a, 2002b,…).  ���



In Vietnam, there have been many studies on species composition of pests and 

natural enemies in rice fields (V.Q. Con, 1989, 1990; H.Q. Hung, 1986; P.V.Lam, 1989, 

1992, 2002 ;…). However, there have�been no specific data on indices of biological 

diversity and community structures of arthropods in�the rice fields of Vietnam. These 

data have recently been studied in National Institute of Plant Protection (P.V.Lam et al., 

2007). This paper provides some research results on the biological diversity of an 

herbivore-natural enemy community associated with outbreaks of brown planthopper 

(BPH), Nilaparvata lugens (Stal).

Materials and Methods 

The investigation was conducted in some rice-growing provinces in the Red 

River Delta (such as Ha Nam, Ha Noi, Ha Tay, Nam Dinh,�and Vinh Phuc). The field 

surveys were carried�out in sites associated with brown planthopper outbreaks. In each 

site, 3-5 homogeneous fields were selected for taking samples. Samples were taken 

freely in rice fields with or without brown planthopper outbreaks. All collected samples, 

based on brown planthopper density and status of hopperburn, were categorized into 4 

groups:

Sample I: from fields with hopper burn 

Sample II: from fields in which hopper burn happened after the survey for 1-2 

days

Sample III: from fields with high density of brown planthopper but no hopper 

burn

Sample IV: from fields with low density of BPH and no hopper burn. 

The arthropod samples were taken from 5 points randomly chosen on the two 

diagonals of each survey fields. Each point was investigated�using 6 rice hills. Brown 

planthoppers and all arthropods associated with it were collected from fields using the 

sticky board method.  Collected arthropod samples were analyzed in the lab.    

 Main indices calculations describing the species diversity of an herbivore-natural 

enemy community in rice fields by Colwell (2000). 

Shannon's index, H’ is calculated as H’ = -Σ p
i
. ln p

i

Simpson's index, D is calculated as D = Σ p
i

2

(Where: p
i
 = n

i
/N; n

i
 is the number of individuals of the i

th

 species; N is total 

number of individuals of the collection) 

Calculate some indices�by describing the structure of a herbivore-natural enemy 

community in rice fields by Hill (1973). 

Total number of species:  N
0
 = S (where S is the total number of species) 

Number of abundant species in the sample: N
1
 = exp (H’) (where H' is Shannon's 

index)

Number of very abundant species:      N
2
= 1/ λ  (where λ  is Simpson's index) 

Species evenness or equitability:         E
5
 = (N2 -1)/ (N1 - 1) 

Results

Results of quantitative and qualitative analysis showed that� the species 

composition of pest-natural enemy communities residing in the base of rice stems is ���



very poor in�the case of brown planthopper outbreaks. Very few species of rice insect 

pests were found in collected samples. There are only 3 species of pests�which have 

been found in all samples, except samples II taken from Binh Luc (Ha Nam province) 

and Vu Ban (Nam Dinh province). The number of discovered species of natural enemies 

in collected samples is different. This number depends upon location and status of BPH 

population density in surveyed rice fields. Samples II and samples III taken from Dong 

Anh (Ha Noi) contained 14 and 10 species of natural enemies, respectively (Table 1). 

The number of species of natural enemies in samples taken from Phuc Tho (Ha Tay 

province) varied from 10 species in samples IV to 13 species in samples I and samples 

II (Table 2). Samples taken from Binh Luc (Ha Nam province) contained 8 - 10 species 

of natural enemies (Table 3). From Vu Ban (Nam Dinh province), samples I contained 

10 species of natural enemies, but samples II contained only 4 species of natural 

enemies (Table 4). The above-mentioned�figures indicate that the discovered number of 

species of natural enemies in surveyed samples increased with the increase in BPH 

population density. 

Table 1. Species composition of pests and natural enemies collected in the rice fields 

with brown planthopper outbreaks in Dong Anh 

Scientific name of insect pests/natural 

enemies 

Frequence of occurrence  (%) 

Sample II in Dong Anh  Sample III in Dong Anh  

Nilaparvata lugens (Stal)
1

100 100 

Sogatella furcifera (Horv.)
1

90.0 66.7 

Nephotettix virescens (Dist.)
1

60.0 66.7 

Lycosa sp.
2

50.0 33.3 

Pardosa pseudoannulata B.&Str.
2

 30.0 66.7 

Tetragnatha maxillosa Thorell
2

 50.0 66.7 

Tetragnatha javana Thorell
2

 10.0 - 

Oxyopes javanus Thorell
2

 10.0 33.3 

Dyschiriognatha tenera Kars.
2

 20.0 - 

Araneus inustus (Koch.) 
2

 90.0 66.7 

Clubiona japonicolla B.&.Str.
2

 40.0 66.7 

Micraspis discolor (Fabr.) 
2

 80.0 33.3 

Cyrtorhinus lividipennis Reut.
2

 90.0 66.7 

Paederus fuscipes Curtis
2

10.0 33.3 

Paederus tamulus Erich.
2

20.0 - 

Ophionea indica (Thunb.)
2

10.0 - 

Anagrus optabilis (Perk.)
2

20.0 33.3 

Total species 17 13 

Note: 1 = Rice pest, 2 = Natural enemy 

Spiders constitute a large group of predators in rice fields. According to P.V. 

Lam et al. (2002), about 18 species of spiders preyed upon BPH and they are key 

predators of BPH in Vietnam. However, only a few species of spiders�were found in the 

base of rice stems in the case of brown planthopper outbreaks. The number of 

discovered species of spiders in collected samples varied from 5 species to 8 species. 

But, sample II taken from Vu Ban contained only 2 species of spiders (from Table 1 to 

Table 4). ���



The frequency of occurrences of discovered species in herbivore-natural enemy 

communities varies and�is dependent upon collected species, location and status of 

BPH population density in surveyed rice fields. Only� the brown planthopper, 

Nilaparvata lugens, appeared at maximum frequency (100%). The green leafhopper, 

Nephotettix virescens, did not occur in sample II in Binh Luc and Vu Ban. Among 

natural enemies, the spider Tetragnatha javana was not in many collected samples 

(from Table 1 to Table 4).

Table 2. Species composition of pests and natural enemies collected in the rice fields 

with brown planthopper outbreaks in Phuc Tho 

Scientific name of insect 

pests/natural enemies 

 Frequence of occurrence (%) 

Sample I in 

Phuc Tho 

Sample II in 

Phuc Tho 

Sample III in 

Phuc Tho 

Sample IV in 

Phuc Tho 

Nilaparvata lugens (Stal)
1

 100 100 100 100 

Sogatella furcifera (Horv.)
1

 80.0 87.5 90.0 50.0 

Nephotettix virescens (Dist.)
1

 70.0 87.5 90.0 37.5 

Lycosa sp.
2

 80.0 87.5 - 50.0 

Pardosa pseudoannulata
2

 90.0 87.5 90.0 75.0 

Tetragnatha maxillosa Thorell
2

 30.0 87.5 90.0 75.0 

Tetragnatha javana Thorell
2

 20.0 - - - 

Oxyopes javanus Thorell
2

 20.0 50.0 - - 

Dyschiriognatha tenera Kars.
2

 40.0 62.5 40.0 12.5 

Araneus inustus (Koch.)
2

 90.0 87.5 90.0 75.0 

Clubiona japonicolla B.&.Str.
2

 60.0 87.5 80.0 750 

Micraspis discolor (Fabr.)
2

 80.0 87.5 80.0 50.0 

Cyrtorhinus lividipennis Reut.
2

 80.0 87.5 90.0 62.5 

Paederus fuscipes Curtis
2

50.0 75.0 70.0 37.5 

Paederus tamulus Erich.
2

40.0 62.5 50.0 - 

Ophionea indica (Thunb.)
2

- 62.5 50.0 - 

Anagrus optabilis (Perk.)
2

30.0 50.0 50.0 37.5 

Total species 16 16 14 13 

Note: 1 = Rice pest, 2 = Natural enemy 

���



Table 3. Species composition of pests and natural enemies collected in the rice fields 

with brown planthopper outbreaks in Binh Luc 

Scientific name of insect 

pests/natural enemies 

  Frequence of occurrence (%) 

Sample I in Binh Luc Sample II in Binh Luc 

Nilaparvata lugens (Stal)
1

 100 100 

Sogatella furcifera (Horv.)
1

 90.0 87.5 

Nephotettix virescens (Dist.)
1

 30.0 - 

Lycosa sp.
2

 80.0 37.5 

Pardosa pseudoannulata B.&Str.
2

 90.0 62.5 

Tetragnatha maxillosa Thorell 
2

 30.0 37.5 

Tetragnatha javana Thorell
2

 - - 

Oxyopes javanus Thorell
2

 - - 

Dyschiriognatha tenera Kars.
2

 30.0 12.5 

Araneus inustus (Koch.)
2

 90.0 87.5 

Clubiona japonicolla B.&.Str.
2

 60.0 37.5 

Micraspis discolor (Fabr.)
2

 80.0 62.5 

Cyrtorhinus lividipennis Reut.
2

 90.0 87.5 

Paederus fuscipes Curtis 
2

30.0 25.0 

Paederus tamulus Erich.
2

- - 

Ophionea indica (Thunb.)
2

20.0 - 

Anagrus optabilis (Perk.)
2

- - 

Total species 13 11 

Note: 1 = Rice pest, 2 = Natural enemy 

Table 4. Species composition of pests and natural enemies collected in the rice fields 

with brown planthopper outbreaks in Vu Ban 

Scientific name of insect pests/natural 

enemies 

Frequence of occurrence (%) 

Sample I in Vu 

Ban

Sample II in 

Vu Ban 

Nilaparvata lugens (Stal)
1

 100 100 

Sogatella furcifera (Horv.)
1

 60.0 28.6 

Nephotettix virescens (Dist.)
1

 50.0 - 

Lycosa sp.
2

 10.0 - 

Pardosa pseudoannulata B.&Str.
2

 50.0 42.9 

Tetragnatha maxillosa Thorell 
2

 40.0 - 

Tetragnatha javana Thorell 
2

 - - 

Oxyopes javanus Thorell 
2

 - - 

Dyschiriognatha tenera Kars.
2

 20.0 - 

Araneus inustus (Koch.)
2

 50.0 71.4 

Clubiona japonicolla B.&.Str.
2

 30.0 - 

Micraspis discolor (Fabr.)
2

 60.0 28.6 

Cyrtorhinus lividipennis Reut.
2

 80.0 85.7 

Paederus fuscipes Curtis 
2

20.0 - 

Paederus tamulus Erich.
2

- - 

Ophionea indica (Thunb.)
2

- - 

Anagrus optabilis (Perk.)
2

10.0 - 

Total species 13 6 

Note: 1 = Rice pest, 2 = Natural enemy ���



Discussion 

1. Indices of biological diversity of arthropods in the rice fields with brown 

planthopper outbreaks 

Results of� the analysis indicate that all samples taken from the rice fields 

associated with brown planthopper outbreaks have�a very high total abundance. The 

total abundance changes from 602.6 in samples I of Vu Ban (Nam Dinh province) to 

3529.2 in samples II of Dong Anh (Hanoi) (Table 5). 

Table 5. Some main indices describing the species diversity of an herbivore-natural 

enemy community associated with brown planthopper outbreaks 

No

Types of rice fields 

for sampling 

Total

abundance

Shannon's

index (H’)

Simpson's 

index (D) 

 1 Sample I in Phuc Tho        946.9 0.21 0.93 

 2 Sample II in Phuc Tho       3111.7 0.16 0.95 

 3 Sample III in Phuc Tho         387.3 0.61 0.76 

 4 Sample IV in Phuc Tho         122.0 0.82 0.64 

 5 Sample II in Dong Anh       3529.2 0.04 0.99 

 6 Sample III in Dong Anh         866.7 0.11 0.97 

 7 Sample I in Vu Ban         602.6 0.21 0.92 

 8 Sample II in Vu Ban         625.8 0.05 0.98 

 9 Sample I in Binh Luc        2256.9 0.11 0.96 

10 Sample II in Binh Luc       1898.4 0.08 0.98 

                                 Note: I - Hopper burn is happening  

                                         II - Hopper burn happened after surveys 

                                        III - High density of BPH, but no hopper burn

                                        IV - No hopper burn 

Shannon's index H’ is very low in all collected samples taken in the year with 

brown planthopper outbreaks. Especially, this index in the rice fields associated with 

brown planthopper outbreaks is much lower than that in the rice fields without brown 

planthopper outbreaks. Shannon's index H’ reached from only 0.04 in samples II of 

Dong Anh to 0.21 in samples I of Phuc Tho and Vu Ban. Meanwhile, Shannon's Index 

H’in sample IV taken from the rice fields without brown planthopper outbreaks in Phuc 

Tho (Ha Tay province) was higher and reached 0.82 (Table 5). 

Simpson's index D in the rice fields associated with brown planthopper 

outbreaks reached very high. It varied from 0.92 in sample I of Vu Ban to 0.99 in 

samples II of Dong Anh. Such value of the Simpson's index D is really high and reached 

the maximum (approximation of 1). In comparison to the rice fields without brown 

planthopper outbreaks, this index was lower and obtained 0.64 as shown in samples IV 

taken from Phuc Tho (Table 5).

In comparison to a year without brown planthopper outbreaks (year 2005), the 

main indices describing the species diversity of a herbivore-natural enemy community 

in some sites in Red River Delta illustrated another picture. The total abundance was not 

so high and varied from 194.0 in Dong Anh to 334.8 in Tu Liem. Shannon's index H’ in 

some sites varied from 2.37 to 2.97. Simpson's index D reached very low and was only 

0.12 - 0.28 (Table 6). ���



Table 6. Some main indices describing the species diversity of a herbivore-natural 

enemy community in the rice fields without brown planthopper outbreaks (2005) 

Sampling sites Total abundance 

Shannon index 

(H’)

Simpson's 

index (D) 

Tu Liem district 334.8 2.97 0.14 

Me Linh district 292.5 2.37 0.28 

Dong Anh district 194.0 2.51 0.12 

2. Structure of arthropod community in the rice fields associated with brown 

planthopper outbreaks 

There are a few species of arthropods in the rice fields associated with brown 

planthopper outbreaks in Red River Delta. The number of discovered species (index 

No) in all collected samples varied from 6 to 17 species. The number of abundant 

species (index N
1
) in the rice fields associated with brown planthopper outbreaks also is 

very few and reached only 1.04 - 1.23 species. This index in the rice fields without 

brown planthopper outbreaks is higher and obtained 2.26 species in samples IV taken 

from Phuc Tho. The number of very abundant species (index N
2
) reached lower and was 

only 1.01 - 1.09 species in samples taken from rice fields associated with brown 

planthopper outbreaks. In comparison to rice fields without brown planthopper 

outbreaks (samples IV in Phuc Tho), index N
2
 reached higher, 1.57 species. Species 

equitability in rice fields associated with brown planthopper outbreaks was at�a very 

low rate of 0.28 - 0.39 (Table 7). This means the rice-based ecosystems associated with 

brown planthopper outbreaks became very unsustainable.  

Table 7. Some indices describing the structure of an herbivore-natural enemy 

community associated with brown planthopper outbreaks 

No Types of rice fields for sampling No N
1
 N

2
E
5

1 Sample I in Phuc Tho 16 1.23 1.07 0.31 

2 Sample II in Phuc Tho 16 1.18 1.05 0.30 

3 Sample III in Phuc Tho 14 1.83 1.31 0.37 

4 Sample IV in Phuc Tho 13 2.26 1.57 0.45 

5 Sample II in Dong Anh 17 1.04 1.01 0.25 

6 Sample III in Dong Anh 13 1.11 1.03 0.28 

7 Sample I in Vu Ban 13 1.23 1.09 0.39 

8 Sample II in Vu Ban       6 1.06 1.02 0.30 

9 Sample I in Binh Luc 13 1.12 1.03 0.30 

10 Sample II in Binh Luc 11 1.08 1.02 0.29 

           Note: N
0
 - Total number of species   

                    N
1
 - Number of abundant species in the sample

                    N
2
 - Number of very abundant species

                    E
5
 - Species evenness or equitability 

Meanwhile, in the years without brown planthopper outbreaks, these above-

mentioned indices are much higher. The number of discovered species (index No) in the 

rice fields without brown planthopper outbreaks (year 2005) varied from 65 to 135 

species. The number of abundant species (index N
1
) is higher and reached 10.7 - 19.5 

species. The number of very abundant species (index N
2
) was from 4.4 species in Me ���



Linh to 11.0 species in Tu Liem. Species equitability is at a medium rate of 0.45 - 0.60, 

except�for the Me Linh site, where rice is�used to intercrop with flower-crops (Table 8). 

This means the rice-based ecosystems in the years without brown planthopper outbreaks 

are more sustainable than in case of brown planthopper outbreaks.  

Table 8. Some indices describing the structure of an herbivore-natural enemy 

community in the rice fields without brown planthopper outbreaks (2005) 

Sampling sites 

Values of some indices 

N
0

N
1

N
2

E
5

Tu Liem district   135 19.5 11.0 0.54 

Me Linh district     72 10.7   4.4 0.35 

Dong Anh district   100 12.2   6.0 0.45 

Kim Bang district     65 11.6   7.1 0.60 

                           Note: N
0
 - Total number of species   

                                     N
1
 - Number of abundant species in the sample  

                                     N
2
 - Number of very abundant species

                                     E
5
 - Species evenness or equitability 

Upon occurrence of brown planthopper outbreaks, the most abundant species in 

arthropod population is�the brown planthopper, Nilaparvata lugens. Other species in 

herbivore-natural enemy community have�a low population density. The green mirid 

bug Cyrtorhinus lividipennis is a professional relative predator of brown planthopper. 

Whenever�the brown planthopper is observed, then Cyrtorhinus lividipennis will appear 

afterwards. However, in�the event that brown planthoppers develop to the population 

density resulting in hopper burn, Cyrtorhinus lividipennis reached a low population 

density of only 0.2 - 5.3 individuals/hill. Similarly, spiders are indispensable 

components of a herbivore-natural enemy community in the rice fields. They are always 

present in rice fields. Nevertheless, upon occurrence of brown planthopper outbreaks, 

the population density of these spiders reached� a low� level, only 0.9 - 2.8 

individuals/hill. Above-mentioned�numbers indicated that when the brown planthopper 

outbreak happens, the population density of brown planthopper was very high, 

averaging 103.6 - 548.4 individuals/hill. Such population density of� the brown 

planthopper is higher than population density of Cyrtorhinus lividipennis and spiders 

about 9.3 - 937.0 and 21.3 - 1339.0 times, respectively. 

Conclusion

Brown planthopper outbreaks result in hopper burn, indices describing 

biological diversity and structure of community go through a lot of changes in 

comparison to cases without brown planthopper outbreaks. Such indices change in 

terms of reduction in biological diversity in the rice-based ecosystems, making these 

ecosystems unsustainable and increasing  the severity of insect pest problems. 

All samples collected from rice fields associated with BPH outbreaks have very 

high total abundance and varies from 602.6 to 3529.2. The Shannon's index H' in rice 

fields associated with BPH outbreaks was very low, only 0.04 - 0.21 in comparison with 

0.82 in rice fields without BPH outbreaks. In the years without BPH outbreaks, the 

Shannon index H' in rice fields in the Red River Delta can reach 2.37 - 2.97. The ���



Simpson's index D in rice fields associated with BPH outbreaks was very high, and 

reached an approximation of 1. The index D in the rice fields without BPH outbreaks 

was lower, only 0.12 - 0.28. 

Species richness in the rice fields associated with BPH outbreaks was not high. 

A total of 6 - 17 species were encountered from all studied sites. Both diversity indices 

N
1
 (the number of abundant species) and N

2
 (the number of very abundant species) were 

very low, and reached only 1.04 - 2.26 and 1.01 - 1.57, respectively. The index E
5

(species evenness) also was very low (approaching zero) because only a single species 

becomes more dominant in the rice fields associated with brown planthopper outbreaks. 

Acknowledgements 

Author thanks Hanoi Agricultural University and Kyushu University for 

permission to participate and present the report on JSPS Symposium “Hybrid rice and 

Agro-ecosystem”. We sincerely thank Professor Kiyoshi Kurosawa and Professor Ikuo 

Miyajima for editting the manuscript. 

References 

Colwell, R. (2000) EstimateS: Statistical estimation of specÝe richness and shared 

species from samples. Version 6. In. User's Guide and application published at: 

http://viceroy.eeb.uconn.edu/estimates 

Con, V.Q. (1989) Parasitoids and their role in keeping down population of rice 

leaffolder. Agriculture and Foodindustrial 3:156-161(in Vietnamese). 

Con, V.Q. (1990) The role of parasitoids in keeping down population of rice skipper. 

Agriculture and Foodindustrial 4: 217-219 (in Vietnamese). 

Drechsler, M., Settele, J. (2001) Predator-prey interactions in rice ecosystems: effects of 

guild composition, trophic relationships, and land use changes - a model study 

exemplified for Philippine rice terraces. Ecol. Model., 137: 135-159. 

Hill, M.O. (1973) Diversity and evenness: a unifying notation and Ýt consequences. 

Ecology 54: 427-432. 

Hung, H.Q. (1986) Hymenopterous egg parasitoids of key insect pests in the suburbs of 

Ha Noi. Agricultural Science and Technology 8: 359-362 (in Vietnamese). 

Lam, P.V. (1989) A list of predators and parasitoids recorded on rice in the North of 

ViÖt Nam. Plant Protection Information 6: 156-160 (in Vietnamese). 

Lam, P.V. (1992) Species composition of natural enemies of the brown planthopper. 

Plant Protection Journal 6:  4-7 (in Vietnamese). 

Lam, P.V. (2002) Species composition of spiders collected in rice fields. Plant 

Protection Journal 5: 14-19 (in Vietnamese). 

Lam, P.V. (2007) Preliminary studies on biodiversity of herbivore-natural enemy 

communities in rice fields in the Red River Delta. In: Proceed. of the 2
th

National Scientific Conference on Ecology and Biological Resources, Hanoi, 

26 Oct. 2007, Agr. Pub. House: 404-410. 

Lam, P.V., Hoa, N.K., Lan, T.T. (2002) Conserving and utilizing spiders for control of 

brown planthopper. Plant Protection Journal 6: 11-16 (in Vietnamese). 

Lee, J.H. (2001) Use of spiders as natural enemy to control rice insect pests in Korea. 

In: Proc. of Inter. Seminar on bio.control of insect pest in economic crops. 

Suwon, 181-200. ���



Way, M.J., Heong, K.L. (1994) The role of biodiversity in the dynamics and 

management of insect pests of tropical irrgated rice - a review. Bull. of Ento. 

Res., 84: 567-587.

Wilby, A., Thomas, M. B. (2002a) Natural enemy diversity and pest control: patterns of 

pest emergence with agricultural intensification. Ecol. Letters 5: 353-360. 

Wilby, A., Thomas, M. B. (2002b) Are the ecological concepts of assembly and 

function of biodiversity useful frameworks for understanding natural pest 

control? Agr. and Forest Entomol., 4: 237-243. 

���



Winter Crop Problems Associated with the Introduction of Hybrid 

Rice: Protection of Crucifer Crops against DBM 

Keiji Takasu
1)

, Kazuo Ogata
2)

, Ah Nge Htwe
3)

, Giang Thi Thu Ho
 4)

 and 

Masami Takagi
1)

1)

Faculty of Agriculture, Kyushu University, Fukuoka 812-8581, Japan 

2)

Institute of Tropical Agriculture, Kyushu University, Fukuoka 812-8581, Japan 

3)

Graduate School of Bioresources and Bioenvironmental Sciences, Kyushu University, 

Fukuoka 812-8581, Japan 

4)

Department of Entomology, Hanoi Agricultural University, Hanoi, Vietnam 

Key Words: winter crop, crucifer plants, pests, diamondback moth, biological control, 

Cotesia plutellae

Introduction

The introduction of new crop varieties in an agro-ecosystem changes the 

farming practices for the original crops and other crops in the same field and also pest 

species and their abundance in the fields. For example, new rice varieties were 

introduced into tropical Asia in 1970s. The introduction of rice varieties were 

accompanied by new farming practices: Farmers increased their use of mineral 

fertilizers, pesticides and irrigation. Frequent use of a large amount of insecticides 

sometimes resulted in the emergence of insecticide resistant pests (van Driesche and 

Bellows, 1996). One example of this is the brown planthopper (BPH) which used to be 

a minor pest in tropical rice paddies, but became a key-pest in tropical Asia after 1970s 

(Sogawa et al. 1994).  

Fig. 1. Schematic representation of cropping patterns in rice paddies of North Vietnam. 

The introduction of new rice varieties also changes systems of winter crops or 

spring crops after rice in the same fields, which in turn affects pest-species and their 

abundance. The residues of insecticides used on rice may influence pests and their 

natural enemies in the winter or spring crops that are planted after rice in the same fields. 

The changes of the timing and period of planting winter or spring crops accompanied by 

the introduction of a new rice variety, may affect occurrence of pests or natural enemies 
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moving from other habitats to the crops. In fact, many pests and their natural enemies in 

vegetables planted after rice do not infest rice but other crops. 

We herein consider the situation of pests in winter crops after rice in the fields in 

northern Vietnam when the recently developed hybrid rice becomes wide-spread. Table 

1 shows general cropping patterns of rice paddies in northern Vietnam. Rice is planted 

once or twice a year, and vegetables are often planted after the rice. The main winter 

crops are crucifers, tomato and other vegetables. If hybrid rice is planted in a field, the 

growing season for winter crops becomes longer than it is at present because the 

growing period is shorter than the conventional varieties. Therefore, farmers can grow 

winter crops such as cabbages or other crucifers more intensively.  

  In the present study, we consider the possibility of biological control of the 

diamondback moth, Plutella xylostella which is a serious crucifer crops pest in winter 

crops of rice paddy fields in northern Vietnam and other Asian countries. 

DBM on crucifer crops 

DBM is a serious pest in crucifer plants all over the world (Talekar and Shelton, 

1993). Although farmers in Vietnam often use insecticides against DBM, the pest has 

become resistant to most insecticides. Intensive use of insecticides against this pest has 

also led to excessive residues on crops and in the environment (Talekar and Shelton, 

1993). Furthermore, insecticides have deleterious effects on natural enemies whose 

absence is believed to be a major cause of DBM pest status in most parts of the world 

(Talekar and Shelton, 1993).  To avoid such negative effects on humans, animals and 

environments, alternatives to insecticides are needed. 

Naturally occurring C. plutellae in northern Vietnam 

 An environmentally-friendly alternative control method, is biological control 

using natural enemies. There are parasitoids or predators which attack the eggs, larvae, 

pupae and adults of DBM (Talekar and Shelton, 1993). The larval parasitoid Cotesia

plutellae is distributed in Asia and considered to be an effective biological control agent 

(Talekar and Yang, 1993; Kojima, 1997). This parasitoid sometimes parasitizes more 

than 50% of DBM larvae in crucifer crops in Hanoi (Ho, 1999). Its parasitism of DBM 

in cabbage fields was minimal in the early crop season but gradually increased during 

the middle and late season in response to an increase of DBM population (Fig. 2) (Ho, 

1999). As a result, percentage parasitism of DBM by this parasitoid was not very high, 

15-20% maximum in cabbage (Ho, 1999). The fact suggests that the parasitism of DBM 

by naturally occurring C. plutellae is not enough to suppress DBM population below an 

economic injury level.   

Potential of augmentation of C. plutellae

 Although parasitism of DBM by naturally occurring parasitoids alone is not good 

enough to control this pest, recent developments in biological control techniques 

together with the naturally occurring parasitoids may keep the pest populations below 

an economic injury level. When natural enemies are absent, occur too late, or in a 

number too small to provide effective pest control, reared natural enemies can be 

released (van Driesche and Bellows, 1996). This process is called augmentation. 

Augmentative releases are expected to result in only temporary suppression, which is 

different from introduction practices that are expected to establish natural enemies and 

permanently reduce the pest population. For augmentation, periodic release may be ���



considered as either inundative or inoculative. An inundative release is the release of 

massive numbers of natural enemies, which subsequently suppress the pest population.  

Fig. 2. Seasonal changes of DBM larval density and parasitism of DBM larvae by C. 

plutellae in Hanoi (After Ho, 1999). Bars indicate DBM larval density and lines 

percentage parasitism by C. plutellae.

An inoculation is often made only once in the growing season, and the progeny of the 

released individuals have the most significant impact on the pest population. In the case 

of DBM in Hanoi, if C. plutellae are released into the target crop fields in the early 

growing season when DBM populations are still low, it may prevent the pest population 

from building up to high levels in the fields. To conduct inoculative release into the 

fields, mass rearing of C. plutellae in the laboratory is needed. 

Laboratory mass rearing of C. plutellae

Laboratory rearing is often an obstacle for biological control. (Talekar and 

Shelton, 1993; Carpenter and Bloem, 2002). Conventional rearing of DBM and its 

parasitoids involve live plants such as plant seedlings (Koshihara and Yamada, 1976). 

Although the use of live plants is practical when facilities are limited, the methods often 

cause microbial contamination (Talekar and Shelton, 1993). Several semi-synthetic 

diets for DBM have also been developed, but their performance was not as good as the 

methods using live plants (Carpenter and Bloem, 2002). Miyasono et al. (1992) 

succeeded in laboratory mass rearing of DBM using an artificial diet containing 

chopped fresh cabbage leaves. However, the method cannot be used when fresh 

cabbage is not available. Recently, we developed a semi-synthetic diet for DBM using 

plant powder that enables us to mass-rear DBM and its parasitoids effectively. The 

survival and developmental time from first instar to adult emergence of DBM 
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demonstrated that the artificial diet was as good as those of DBM given cabbages. The 

emerging adults that fed on the artificial diet in their larval stage were significantly 

larger than those fed on cabbage (Htwe, unpublished). The successful mass rearing of 

DBM enables us to mass-rear C. plutellae in the laboratory as well (Htwe, unpublished). 

Habitat management facilitating biological control 

To facilitate parasitism by natural occurrence or release of wasps into the 

fields, adequate habitat management and use of other control measures are necessary. 

Many parasitic wasps including Cotesia plutellae adults require carbohydrate food such 

as plant nectars or honeydews to extend their longevity (Takasu and Lewis, 1996). 

Adults of C. plutellae given only water, survive for just a few days, while those given 

honey live more than a month (Htwe, unpublished). Therefore, the parasitoids may not 

colonize or retain the fields well when no food is available (Takasu and Lewis, 1995). 

Use of insecticides against other pests in the same fields would affect effectiveness of C.

plutellae as a control agent because insecticides often affect survival and behavior of 

natural enemies (van Driesche and Bellows, 1996). Using parasitoids together with 

habitat management and use of selective insecticides that are safe to natural enemies, 

we would prevent crucifer crops from serious damages by DBM in Vietnam. Further 

collaborative research between HAU and KU in order to develop sustainable pest 

control measures should be continued. 
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Abstract 

Testing the health of rice seed samples collected from a large rice-growing region in 

northern Vietnam, using both the blotter test and the growing–on test, revealed diseases 

caused by fungi including Alternaria padwickii, Bipolaris oryzae, Pyricularia oryzae, 

Fusarium moniliforme, Microdochium oryzae, Sarocladium oryzae, Curvularia oryzae, 

Nigrospora oryzae and Tilletia barclayana. These pathogens were seed-transmitted and 

presented in the seeds of all cultivars of in-bred and hybrid rice produced in China and 

Vietnam with a wide range of infection. 

Key words: Seed-borne diseases, Oryza sativa, Alternaria padwickii, Bipolaris oryzae, 

Pyricularia oryzae, Fusarium moniliforme, Northern Vietnam. 

1. Introduction 

Diseases are among the constraints limiting rice production, particularly the production of 

high-quality rice for local consumption and export. For the last 10 years, a number of 

high-yielding Chinese common and hybrid rice cultivars have been cultivated intensively 

in northern Vietnam, and Vietnamese rice production is increasingly facing the risk of 

disease problems. In the period from 2004-2006, a post-entry quarantine center tested 

30,000-ton rice seed lots, most of them varieties of hybrid rice (Nhi uu 838, Bac uu 903, 

D uu 527, Boi tap son thanh, etc.). Eighteen different fungi were found, the most frequent 

of which were Nigrospora oryzae, Tilletia barclayana and Alternaria padwickii, affecting 

100% of the seed lots. The fungi F.moniliforme, C. lunata, B.oryzae, and S. oryzae were 

found in 70% of the seed lots. The quarantine fungi Ephelis oryzae was found in 2004 in 

particular, and the seed lot was rejected. 

A survey of seed-borne diseases affecting rice seed has been conducted in cooperation 

with Danish Government Institute of seed pathology DGISP (Denmark) and National 

Center for Plant and Fertilizer testing (MARD) to identify the presence of seed-borne 

pathogens on rice seed samples collected from provinces of northern Vietnam and to 

determine the frequency of detected seed-borne fungi in common and hybrid rice 

cultivars growing in northern Vietnam.

     2. Materials and methods

• Materials 

  Rice seed samples were collected from farmers’ seed stocks and from seed 

companies. ���



 In-bred (common) rice varieties Q5, Khang Dan 18, C71, and DT10 were 

collected from Hanoi, Hatay, Bacninh, and Hanam.  

 Hybrid rice vars. Bac uu 903, Bac uu 235, and D uu 257 Boi tap son thanh were 

imported from China 

 Hybrid rice vars. HYT83, VL 20, TH 3-3 and Nhi uu 838 were produced in 

Vietnam. 

• Methods

*The detection of fungal pathogens was conducted using the blotter method and 

the growing-on test (Mathur S.B. & Olga K., 1999). 

 - Three pieces of blotter paper were soaked in tap water, placed in a petri dish, 

and incubated for 7 days at 20-22� under 12 h NUV light/12 h darkness cycles. After 

incubation, the seeds were examined for fungal growth under a sterio-microscope.  

- The identification of the fungi by habit character was supplemented by the 

microscopic examination of spores and fruiting bodies. Identification aids included 

Burgess et al. (1994), Ellis (1993) and Mathur & Olga K. (1999). Infection levels 

were recorded as the percentage of infected seeds in samples. 

*The germination test was conducted using the BP method (ISTA,1996). 

3. Results and discussion 

3.1. The most common seed-borne fungi on rice seed samples collected from provinces of 

northern Vietnam

The investigation of one thousand samples of in-bred and hybrid rice seed 

commonly grown in northern Vietnam revealed fungi as single or mixed infections of two 

or more fungi on the same seed (Table 1). In mixed infections, especially involving B. 

oryzae, A. padwickii and M. oryzae the infected seeds were colonized completely, and 

seed germination was arrested. Decayed roots and coleoptiles were seen in many cases. 

The following saprotrophs were observed but not recorded: Asperggilus flavus,

Aspergillus niger, Cladosporium spp., Rhizopus, and Verticillium spp. 

Table 1. The most common seed-borne fungi on rice seed samples collected from 

provinces of northern Vietnam 

No. Disease caused Seed-borne pathogens Order 

1 Stalk burn Alternaria padwickii Hyphales 

2 Brown spot Bipolaris oryzae Hyphales 

3 Bakanae Fusarium moniliforme Hyphales 

4 Leaf scald Microdochium oryzae Hyphales 

5 Blast Pyricularia oryzae Hyphales 

6 Smust  Tiletia baclayana Ustilaginales 

7 Kenel and leaf 

spot 

Curvularia lunata Hyphales 

8 Sheath rot Sarocladium oryzae Hyphales 

9 Black kenel Nigrospora oryzae Hyphales ���



3.2. . Important seed borne fungi recorded in rice seeds during the last 5 years  

(2002-2006) 

 The fungi recorded in rice seeds during the 5-year survey period on the most commonly 

grown rice varieties are shown in Table 2 

A. padwickii was the most common fungus found in the seeds, usually in rather high 

percentages. 

B. oryzae was the second most frequently recorded fungus, but its infection percentages 

were not as high as those of A. padwickii.

M. oryzae was third in frequency and its infection percentage showed an increasing trend 

over the years of the survey. 

F. moniliforme was observed in lower infection percentages.  

P. oryzae was recorded in rice seeds of cv. Q5 in 2004 and 2006 with very low mean 

infection percentages. The maximum incidence rate of 2.5% for an individual sample was 

recorded in 2004 (data not shown). 

Table 2. Important seed-borne fungi recorded in rice seeds during the last 5 years  

(2002-2006) 

3.3. Important seed borne fungi recorded in rice seeds of in-bred and hybrid rice 

varieties common grown in North Vietnam 2002-2005

Seed samples from both in-bred and hybrid rice varieties grown in northern 

Vietnam were affected by the following fungi: Bipolaris oryzae, Tilletia baclayana, 

Alternaria padwickii, Sarocladium oryzae, Fusarium moniliforme, Microdochium oryzae, 

Nigrospora oryzae, and Curvularia lunata.

The mean percentage of seeds infected by Fusarium moniliforme, which causes 

bakana disease, and Nigrospora oryzae, which causes black kernel, were higher in hybrid 

rice (18.1% and 32.6%) than in in-bred rice varieties (12.8% and 14.3%). Other fungi 

such as Bipolaris oryzae, Sarocladium oryzae, and Alternaria padwickii were found more 

frequently in in-bred rice varieties. (Table 3) 

Mean seed infection% 

Year 

No. of 

samples 

surveyed 

Alternaria 

padwickii 

Bipolaris 

oryzae 

Fusarium 

moniliforme

Microdochium 

oryzae 

Pyricularia 

oryzae 

2002 150 20.1 3.1 0.9 0.5 0.01   

2003 120 23.8 2.3 0.1 0.5 not detected

2004 428 20.7 3.5 0.1 0.8 0.01 

2005 133 26.7 23.1 0.3 1.6 not detected

2006 103 14.3 4.1 0.3 1.7 0.01 
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Table 3. Important seed-borne fungi recorded in rice seeds of in-bred and hybrid rice 

varieties commonly grown in northern Vietnam 

Varieties Mean seed infection (%) 

B.o A.p  F.m N.o T.b S.o M. o C.l 

In-bred rice  
        

Te do  
 12.5  20.5 17.5  10.5  15.5 3.0 4.5  10.5 

7161 
 8.0  18.5  15.5  10.0  9.0  2.0  3.0  12.5 

Bao thai hong  
 1.5  25.5  10.5 15.5  9.5  7.5  5.5  10.0 

Nep quyt 
 9.5  17.0  15.5  10.0  15.5  8.5 5.0  25.0 

Khang dan 
 3.5  30.0  5.0  25.5  12.0  8.5  3.5  7.5 

Mean of in-bred 

rice varieties 
7.0 22.3 12.8 14.3 12.3 5.9 4.3 13.1 

Hybrid rice  
        

Bac-uu 253 
 4.0  21.0  20.5  35.0  17.5  1.0  1.0  20.5 

Boi tap son thanh  
 3.5  18.5  27.5  40.0  10.5  2.5  7.5 15.0  

Boi tap thai phong  
2.5 9.5  6.5 23.0 11.0  6.5  4.0  12.5 

Mean of hybrid 

rice varieties 
3.3 16.3 18.1 32.6 13.0 3.3 4.1 16.0 

Note: B. o: Bipolaris oryzae.                  T.b: Tilletia baclayana

A. p: Alternaria. padwickii.   S. o: Sarocladium oryzae. 

F.m: Fusarium monilioforme.   M. o: Microdochium oryzae. 

N. o: Nigrospora oryzae.   C. l: Curvularia lunata.

3.4. Important seed-borne fungi recorded in hybrid rice from 2006-2007

The fungi detected in a survey of 4 varieties of hybrid rice seeds produced in China and 

Vietnam in 2006 were as follows in table 4 and figure 1:  

A. padwickii was the most commonly detected fungus in the seeds. A rather high 

percentage (21.3%) of var. HYT83 seeds was found to contain the fungus. 

B. oryzae was the second most frequently detected fungus; its infection percentages 

ranged from 0.1-2.5% of vars. Bac uu 253. D uu 527 and HYT83.

M.oryzae was the third most frequently detected fungus; its infection percentages ranged 

from 0.4-0.9% of vars. Bac uu 903 and HYT83. 

F. moniliforme was observed in lower infection percentages (0.1-2%). 

Table 4. Important seed-borne fungi recorded in hybrid rice in 2006 

(Mean of 10 samples)

Mean seed infection (%) 

Variety 

A.p B.o M.o F.m 

Country of 

Origin 

Bac uu 903 3.9 0 0.4 2 China 

Bac uu 253 1.3 0.1 0 0.1 China 

Duu 527 0.1 0.4 0 0.4 China 

HYT83 21.3 2.5 0.9 0.1 Vietnam 

Mean seed infection (%) 

Variety 

A.p B.o M.o F.m 

Country of 

Origin 

Bac uu 903 3.9 0 0.4 2 China 

Bac uu 253 1.3 0.1 0 0.1 China 

Duu 527 0.1 0.4 0 0.4 China 

HYT83 21.3 2.5 0.9 0.1 Vietnam ���
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Fig. 1. Important seed-borne fungi recorded in hybrid rice in 2006 

Table 5. Important seed-borne fungi recorded in hybrid rice in 2007 

The fungi recorded in hybrid rice seeds by a survey on 3 varieties produced in Vietnam in 

2007 were as follows in table 5:  

A. padwickii was the most commonly detected fungus in the seeds. A rather high 

percentage (38.3%) of var. THY3-3 seeds was found to contain the fungus.

B. oryzae was the second most frequently detected fungus; its infection percentages 

ranged from 2-4.4 % of vars. TH 3-3. VL 20 and Nhi uu 838. 

S.oryzae and F. moniliforme had lower frequency infection percentages of 0.1% on var. 

TH 3-3 and var. VL 20, respectively. 

4. Conclusions and suggestions 

• Seed-health testing using a blotter test and a growing-on test of rice seed samples 

collected from northern Vietnam has revealed the presence of several important 

pathogens, including A. padwickii, B. oryzae, F.moniliforme, M. oryzae, S. oryzae, 

C. lunata, T. barclayana, P. oryzae, and Nigrospora oryzae. Mixed infections, 

with one or more fungi growing in one seed, were also discovered. 

Mean seed infection (%) 

Variety  

Number of

Sample 

tested A.p B.o F.m S.o 

TH 3-3 F1 5 38,3 2,0 0,1 0,0 

VL 20 F1 4 44,6 4,4 0,0 0,1 

Nhi uu  838 F1 4 5,4 4,4 0,0 0,0 
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• A. padwickii and B. oryzae presented in the seeds of all cvs. of in-bred and hybrid 

rice produced in China and Vietnam within a wide range of infection. 

• Fusarium moniliforme, causing bakana disease, presented with high infection 

rates in the seeds of hybrid rice from 2002-2005, but the infection rates were 

lower in 2006 and 2007. 

• Hybrid rice varieties produced in Vietnam were infected by A. padwickii at high 

rates. 

For the last 10 years, the exchange of rice between neighbors China and Vietnam for food 

and especially for seed material, has resulted in the intensive cultivation of a number of 

high-yielding Chinese common and hybrid rice cultivars in northern Vietnam. As a result, 

Vietnamese rice production is increasingly facing the risk of disease problems. Among 

the rice diseases recorded in northern Vietnam, many are seed-borne but have 

traditionally been considered minor diseases, as their significance has not been 

recognized until recent years. The present study has revealed the presence of several 

important fungal pathogens in rice seeds produced in the provinces of northern Vietnam. 

All of the pathogen species were present in the seeds of all hybrid and in-bred rice 

cutivars stored by farmers, research institutes and companies. The cultivation of infected 

seeds may result in severe diseases on the crops raised from them. Farmers are forced to 

increase the amount of seeds sown in nurseries in order to compensate for the loss in seed 

germination. This compensation leads to higher production costs. 

To avoid such a problem, the production of in-bred and hybrid rice seeds needs to be 

organized with precautions taken at all steps of the required procedure in order to produce 

high-quality seeds. It is extremely important to note that seed quality control measures 

must be adopted in order to ensure the quality and health of rice seeds before sowing. 
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Abstract

The Southeast Asian uplands provide livelihoods for over 100 million people. Most 

of these people belong to various ethnic minority groups and depend on rice as a major 

food crop. Improved market access and rising urban demand for high-value crops has 

induced a rapid commercialization in several upland watersheds of northern Thailand. 

While some ethnic minority groups have drastically reduced rice cultivation in the 

uplands and switched to more profitable crops, others still rely on upland rice as their 

primary crop in many locations. In some locations, Hmong farmers have shifted their 

rice production to lowland areas, renting or buying paddy fields from Thai farmers. A 

similar process is currently starting in northern Laos, where Hmong farmers acquire 

rainfed paddy land from recently resettled Khmu farmers, who traditionally have 

practiced swidden cultivation in upland rice-based systems. In northern Vietnam, corn 

production with high-yielding varieties has widely replaced low-input upland rice 

systems in areas with good market access, although farmers in very remote locations 

still remain dependent on upland rice cultivation for sustaining their food security.

This paper discusses the implications of the changing significance of rice production 

in the uplands of Thailand, Vietnam and Lao PDR for research and development 

agendas in general, and for the adoption potential of hybrid rice in particular. It is 

argued that although the general importance of rice cultivation in upland areas is likely 

to decrease, it will still remain an important factor due to its crucial role in providing 

food security for marginal farmers in disadvantaged, water-scarce and remote upland 

regions through a low-external input system. 
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Introduction

The Southeast Asian uplands account for around 50 million hectares providing 

livelihoods for over 100 million people (Pandey and Khiem, 2002). Most of these 

people are smallholder farmers who belong to various ethnic minority groups and 

depend on rice as a major food crop. The total rice area in the uplands of Southeast Asia 

(both terraced, montane paddy and upland rice) was estimated to be 4 million hectares 

in 2000 (Pandey, 2000). The share of upland rice area in the total rice area differs 

significantly between Southeast Asian countries and range from only about 2 percent in 

Thailand to 11 percent in Indonesia and 36 percent in Lao PDR (Huke and Huke, 1997, 

quoted in Heidhues and Rerkasem, 2006). 

Until the early 1990s, most upland areas in northern Vietnam, northern Laos and – 

to some extent – northern Thailand were characterized by poor market access, ���



subsistence agriculture, food insecurity and poverty. Only recently, infrastructure 

development has transformed many upland regions in mainland Southeast Asia into 

multifunctional landscapes with diversified agricultural systems, protected forest areas, 

tourist facilities and hydropower plants. This paper discusses the impact of these 

economic transformation processes on the significance of rice cultivation in upland 

regions of Mainland Southeast Asia, with particular emphasis on northern parts of 

Thailand, Vietnam and Lao PDR. 

Material and Methods 

The paper is based on primary data from field research in two research sites in 

northern Thailand (Mae Sa watershed, Chiang Mai province and Pang Ma Pha district, 

Mae Hong Son province), one research area in northwestern Vietnam (Yen Chau 

district, Son La province) and one research site in northern Lao PDR (Pha Oudom 

district, Bokeo province) conducted by the authors between 2004 and 2007. Secondary 

data stems from a review of literature, statistical information and interpretation of 

satellite imagery and aerial photographs.

Results and Discussion 

Dynamics of rice production in the hillsides of northern Thailand 

The hillsides of northern Thailand are home to almost one million people belonging 

to different ethnic minority groups. While some groups, like the Shan and the Karen, 

can be considered as ‘indigenous’, having lived in these areas sometimes even longer 

than the Thais, other groups, like the Hmong, Lahu, Akha and Lisu, have migrated to 

the mountainous regions of northern Thailand mainly in the course of the 20th century. 

Until the early 1970s, these latter groups relied primarily on subsistence farming, 

growing upland rice for home consumption, corn as animal feed and opium poppy for 

their cash needs. Improved market access and an increasing urban demand for high-

value crops has induced a rapid commercialization in several upland watersheds of 

northern Thailand, particularly in areas where water is available for irrigation during the 

dry season from November to April. The Mae Sa watershed in Chiang Mai province, 

inhabited by the Hmong ethnic minority group and northern Thai, is one area which has 

experienced a dramatic shift in agricultural land use from 1974 to 1999 (table 1). 

Swidden farming (or slash-and-burn) - which had been the dominant form of land use in 

1974 – disappeared completely by 1999, while the area under paddy rice has been 

reduced from 10 to 1 percent. Cash crop areas (fruit trees, vegetables and cut flowers) 

were increased to 85 percent of the total agricultural land area during the same 25-year 

period.
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Table 1. Agricultural land use change in Mae Sa watershed, Chiang Mai province, from 

1974 to 1999

Crops

Agricultural land 

use 1974 in % 

Agricultural land 

use 1999 in % 

Paddy rice 10  1 

Swidden land (upland rice, corn) 70 0 

Permanent rainfed (e.g., corn) 12 14 

Forest tea gardens (miang)  7 0 

Tree crops  1 30 

Vegetables  0 39 

Cut flowers  0 16 

Total agricultural land area 100 100 

Source: Mae Sa Project Report UNDP/FAO, 1976; Mae Rim Agricultural Extension 

Office, 1999 

Today, upland rice in the Mae Sa watershed is cultivated only in very small plots, 

primarily for ceremonial purposes, such as the Hmong New Year, where a purple, 

glutinous rice variety is served to relatives and guests. Some Hmong farmers in Mae Sa 

Mai and Mae Sa Noi, however, have shifted their rice production to lowland areas, 

renting or buying paddy fields from Thai farmers. This shows that – despite the rapid 

shift to high-value cash crops – ensured rice self-sufficiency remains a priority for many 

Hmong farmers. 

Many regions in northern Thailand, however, remain confined to rain-fed 

agriculture, particularly limestone areas, where the hydrological and edaphic conditions 

are a serious constraint to the expansion of wet-rice production. Pang Ma Pha district in 

Mae Hong Son province is a typical example of such agro-ecological conditions. The 

Black Lahu community Bor Krai is located in the Pai Wildlife Sanctuary, one of the 

many protected areas in northern Thailand, which prohibits all settlement and 

agricultural activities. The traditional system in Bor Krai was swidden cultivation (often 

also termed ‘slash-and-burn agriculture’) with a cultivation period of one or two years 

followed by seven to eight years of fallow. Recently, the Royal Forest Department 

(RFD) increased the pressure on local communities by declaring long fallows – 

measured in the diameter of re-grown trees – as permanent forest. As a consequence, 

farmers have reduced the fallow duration to 1-3 years resulting in decreasing yields and 

increasing weed problems. Paddy rice cultivation is constrained by the agroecological 

conditions of the karst region with limitations on water availability as well as steep 

slopes. In addition, wet-rice cultivation is considered illegal by forest authorities 

because farmers would claim permanent ownership rights for paddy fields. From 2000-

2005, farmers have considerably increased the area of maize, due to an expansion of the 

production of local pigs, which provide farmers with much needed cash and play an 

important role in religious ceremonies. The area of upland rice has remained relatively 

stable during the same period, apart from a small peak in 2004 when the forest 

department instigated a survey on land ownership and land use (figure 1). Since 

villagers wanted to have as many plots as possible officially registered in the survey, 

many of them cleared more fallow fields than usual and converted them into upland rice 

fields. ���



Figure 1. Land use change in Bor Krai, Pang Ma Pha district, Mae Hong Son province 

from 2000-2005 
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During the period of 2000-2005, more farm households in Bor Krai became 

involved in upland rice cultivation, the number increasing from 34 households in 2000 

to 44 households in 2005, mainly as a result of new households being established in the 

village. In sum, the findings from Bor Krai and other research areas suggest that while 

the expansion of paddy rice in mountain valleys and foothills and cash crops in sloping 

land have considerably reduced upland rice cultivation in market-oriented regions with 

good access to water resources, upland rice remains an important source of food 

security under more remote and water-scarce farming conditions. 

Recent trends of rice cultivation in the northern uplands of Vietnam 

Although rice production in the uplands of northern Vietnam is less important than in 

the delta regions of the Red River and the Mekong, rice remains a crucial source of 

income for most farm households in the northern mountainous provinces, accounting 

for about 46 percent of the net value of crop production (Minot et al., 2006). 

While many farm households have diversified their cropping patterns and now grow 

a variety of high-value crops, the absolute importance of rice in terms of area grown has 

remained fairly stable in most northern provinces with a total annual increase of about 

0.3 percent per year during the period from 1995 to 2000. However, the relative

importance of rice has been reduced during the same period by 6 percent from around 

50 percent of the total crop area in 1995 to 44 percent in 2000 (Minot et al. 2006). The 

most dramatic change occurred in the northwestern Son La province where maize 

production has been drastically increased to supply the thriving feed industry for pigs 

and poultry, fuelled by rising demand for meat products in the urban centers. As a 

result, rice self-sufficiency in Son La province has declined significantly, while in most 

other provinces rice production per capita has risen from 1995 to 2000 (see figure 2). 

Within the province, there is a strong variation between the different ethnic groups. A 

study by Masayuki (2004) in Moc Chau district of Son La province found that the 

degree of self-sufficiency in rice ranged from 26-31 percent in Hmong villages living ���



mostly on the upper slopes, while Black Thai villages under more favorable conditions 

in the valleys and foothills achieved a level of rice self-sufficiency of 86-105 percent. 

Figure 2. Change of rice output per capita in the northern uplands of Vietnam between 

2000 and 2005 
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The increase in rice output per capita in most northern provinces stems 

predominantly from an increase of paddy yields per hectare. This increase is due to the 

introduction of new rice varieties, a rise in application of agro-chemicals and a steady 

increase of labor input since the beginning of the de-collectivization process (e.g., 

Castella and Erout, 2002). Less important reasons appear to be the changes in rice 

cropping intensity, with Bac Kan being one of the only northern provinces where 

cropping intensity of rice has increased significantly, namely from 1.25 to 1.40 (table 

2).

Table 2. Change of rice cropping intensity and paddy yields in the northern uplands of 

Vietnam

Province Bac Kan Thai Nguyen Lai Chau Son La Total Northern 

Uplands

Rice

cropping 

intensity

1995 1.25 1.57 1.13 1.16 1.47 

2000 1.40 1.61 1.15 1.19 1.51 

Paddy

yield in 

tons/ha

1995 2.81 3.03 2.13 2.28 2.72 

2000 3.67 3.89 2.52 2.49 3.62 

Source: Minot et al. 2006, based on data from General Statistics Office Vietnam 

The substantial increase in the output of paddy rice along with a switch to maize 

monoculture and permanent cash crops in former slash-and-burn cultivation areas has 

generated a major decline of upland rice cultivation across many northern provinces 

(e.g., Castella and Erout, 2002). Several authors have confirmed a strong causality 

between the expansion of paddy rice cultivation and the decline of area under upland ���



rice (Pham Van Cuong et al., 2003; Castella and Erout, 2002). Wherever possible, 

farmers have expanded their paddy fields following the de-collectivization after 1988 

(e.g., Neef et al., 2006). However, a substantial number of farm households still rely on 

upland rice cultivation for their food security. In an interview in November 2007, the 

village headman of Ban Put, an upland Black Thai community in Chieng Khoi 

commune, Yen Chau district of Son La province, stated that after having abandoned 

upland rice in the village in the year 2000, farmers in the village will restart growing 

upland rice in the next rainy season due to the growing population. The population 

pressure is likely to further increase through the construction of the Son La hydropower 

plant which requires the resettlement of thousands of farm families and will submerge 

hundreds of hectares of fertile paddy land. Since almost all farmers in Chieng Khoi 

commune have already adopted Chinese hybrid rice varieties between 1995 and 2005 to 

sustain food security (cf. Hähnke, 2007), further sharp increases of paddy rice 

productivity are not likely to happen in the near future. Farmers in Ban Put village 

alternate non-glutinous hybrid rice and improved glutinous varieties between the spring 

and summer paddy seasons, mainly due to different root systems that can exploit the 

fertility of various soil layers.

The northern uplands have been one of the regions with the highest adoption rates 

for hybrid rice in Vietnam. A further push for hybrid rice adoption in the northern 

uplands could come from better accessibility of Hmong villages to seed input supply 

systems, since the Hmong – unlike some other ethnic minority groups – prefer to eat 

non-glutinous types of rice and need to increase their rice production per capita to 

achieve self-sufficiency in rice. 

The future of rice farming in northern Lao PDR 

While national statistics in Lao PDR suggest a drastic decline in upland rice cultivation 

from almost 300,000 ha in 1980 to only 80,000 ha in 2000 (Bouapao, 2005), upland rice 

has remained an important source of household food security for many farm households 

in the northern provinces of the country. Although on the national level rice self-

sufficiency was achieved in 1999 according to the Ministry of Agriculture and Forestry, 

rice shortages in the uplands average 3-4 months per year, with the ethnic groups of 

Mon-Khmer origin being most severely affected (Schiller et al., 2006). The Lao 

government, however, plans to phase out swidden cultivation of upland rice by the year 

2010 and wants to replace upland rice by permanent cultivation of paddy rice and 

alternative crops, such as rubber. As part of this endeavor, many forest-dwelling, upland 

communities have been moved to lowland locations, putting an intense pressure on the 

few favorable areas where paddy rice production is possible. The Lao government has 

provided incentives to expand lowland paddy areas through land allocation programs in 

combination with tax exemptions and credit programs (Linquist et al., 2006b). In Bokeo 

province, northern Lao PDR, the area of lowland wet-season rice has more than doubled 

between 1992 and 2002 (Linquist et al., 2006b). While dry-season lowland rice 

production has also expanded in the same period, further expansion – and with it an 

increase in rice cropping intensity – is constrained by limited water availability during 

the dry season. Our research in the Pha Oudom district, Bokeo province, shows that 

local irrigation schemes in the Tinkeo plain, the most suitable area for paddy rice 

cultivation in the district, cannot provide sufficient water to irrigate all the paddy fields. 

Following suggestions by the district’s agricultural office, villagers have adopted an 

alternating irrigation scheme during the dry season, where in one year rice fields on one ���



side of the irrigation canals will receive water for paddy cultivation, while in the next 

year the other side will be provided with irrigation water (figure 3).

Figure 3. Cultivation of dry season paddy in relation to total paddy rice area

Source: Own interpretation of satellite imagery, 2007 

Due to the high population pressure in the Tinkeo plain – as a result of recent 

resettlements of former swidden farming communities – a strong intra- and inter-village 

differentiation with regard to access to paddy fields can be observed. In the Khmu 

village of Huay Sang, 15 families out of more than 100 families control all the paddy 

land in the village, resulting in a dramatic social stratification. In several Khmu villages, 

farmers also sold their paddy fields to villagers from neighboring Hmong communities 

due to urgent need of cash, e.g. to pay for health care. Some of these farmers have even 

become landless laborers for the Hmong. Resettled Khmu farmers – who until recently 

lived in remote upland forest areas – are often less familiar with paddy rice farming and 

tend to consider upland rice cultivation under slash-and-burn systems as a backstopping 

mechanism when they lose their access to paddy land. Given the high pressure on 

limited natural resources in the northern parts of Laos it is highly unlikely that the Lao 

government will succeed in eliminating upland rice production in the near future. For 

farm households and village communities with little or no lowland areas, upland rice 

cultivation provides the only viable alternative to achieving self-sufficiency in rice, at 

least for most of the year.

The prospects of introducing hybrid rice varieties into paddy environments to boost 

productivity and reduce the pressure on surrounding upland areas are comparatively 

gloomy. As Linquist et al. (2006a) reports, Laos has the highest production and 

consumption of glutinous rice in the world, while hybrid rice research has so far only 

focused on non-glutinous rice. Seed supply systems are also underdeveloped, and many 

villages in the northern provinces have difficulties in getting access to input supply. In 

addition, farmers face chronic shortages in cash that would be needed to buy seeds on 

an annual basis. ���



CONCLUSIONS 

The significance of rice in the uplands of Southeast Asia is very site-specific, depending 

on market access, water availability, alternative uses of land, and – to a lesser extent – 

on ethnicity. Evidence from all three regions (northern Thailand, northern Vietnam, 

northern Laos) suggests that while the general importance of upland rice will diminish, 

it will remain an important factor in the sufficiency economies of many smallholder 

farmers and thus should not be neglected by research and development agendas.

Prospects for the introduction of hybrid rice differ sharply between the three 

countries. Past developments have shown that adoption rates have been relatively high 

in upland areas of northern Vietnam. There appears to be further potential for diffusion 

of new hybrid rice varieties, particularly among ethnic groups which prefer non-

glutinous rice as their staple food, such as the Hmong. By contrast, in northern 

Thailand, consumer preferences and relative food security in most parts of the uplands 

as a consequence of more diversified cropping patterns and alternative income 

opportunities do not provide a fertile ground for the introduction of hybrid rice. 

Likewise in northern Laos, the prospects for a successful introduction of hybrid rice are 

not very good, unless plant breeders decide to include glutinous rice varieties – as 

preferred by Laotian consumers – in their research agendas and a well-functioning seed 

production and distribution system is put in place. 
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Abstract

The present study focused on bio-ethanol, and attempted to evaluate the value of 

domestic bio-ethanol which consumers would be willing to pay by means of the 

contingent valuation method (CVM). The study additionally determined the value of 

public construction projects relative to the gasoline price by means of the choice 

experiment (CE).  The results from both analyses were combined to estimate the 

amount of subsidy for domestic bio-ethanol production acceptable for consumers. 

The mean value of domestic bio-ethanol, as determined from the results of the 

questionnaire survey in Fukuoka Prefecture, was Yen 3.0/L.  The marginal willingness 

to pay (MWTP) for domestic bio-ethanol production, by means of the re-allocation of 

gasoline-related tax, was 0.707 when determined by CE.  Thus, the amount of 

gasoline-related tax whose re-allocation to domestic bio-ethanol production is 

acceptable for consumers is calculated to be Yen 4.24/L (= Yen 3/L ÷ 0.707).  Because 

about 60 million kL of gasoline are annually sold in Japan, a gasoline tax of Yen 1/L 

would yield an annual revenue of Yen 60 billion.  These results suggest that national 

consensus is likely to be gained for allotting a sizeable subsidy for domestic bio-ethanol 

production. 
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1. Introduction 

Global warming is one of the most serious environmental issues facing us today.  

The Kyoto Protocol requires Japan to achieve a 6% cut in its mean annual emission of 

greenhouse gases, relative to the emission level in 1990, by the year 2012.  Therefore, 

bio-ethanol derived from vegetable sources has begun to attract close attention as a 

possible substitute for gasoline as a fuel. 

Bio-ethanol is not only useful as a carbon-neutral fuel but also as a means of 

elevating Japan's energy self-sufficiency ratio and promoting the economies of farming 

communities and the agriculture sector.  The present study was undertaken to identify 

what conditions must be satisfied to foster the spread of domestic bio-ethanol 

production. 

It might be possible to supply a bio-ethanol and gasoline blend to all gasoline-fueled 

automobiles, if an adequate level of understanding can be attained on the part of 

Japanese people.  However, since the cost of producing bio-ethanol domestically is 

high, an E3 fuel composed of gasoline mixed with 3% bio-ethanol (hereinafter simply 

called "E3 fuel") will cost more than normal gasoline. 

For this reason, political support for domestic bio-ethanol production is indispensable if 

it is to become widely accepted.  To this end, determining the level of financial support ���



from the government that would be acceptable to a majority of the population is an 

important research activity.  

The Stated Preferences Method (a standard method involving directly asking survey 

subjects how much they value the object being investigated) has often been employed 

for this kind of research.  In this method, the amount subjects are willing to pay 

(willingness to pay: WTP) for a new project, in the form of a donation or new tax, is 

ascertained to provide evidence concerning the amount of governmental subsidy that 

should be planned for a project.  In fact, however, the creation of a new tax to support 

a new project is rare; the expense of new projects is usually outlaid from existing 

resources. 

In the past, studies were conducted concerning the relationship between the 

acceptable amount (or welfare measure) of a subsidy through the creation of a new tax 

(which directly reduces the disposable income of people) and that through the 

re-allocation of existing resources (which does not reduce the disposable income).  

These studies revealed that the acceptable amount of a subsidy through the re-allocation 

of existing public resources is several times greater than that through a newly 

introduced tax, on the grounds that consumers tend to underestimate the value of public 

resources as compared to the value of their own money (Yabe et al., 1998; Bergstrom et

al, 2004; Stephen and McGonagle, 2006). 

When one attempts to ascertain the amount of a subsidy that would be acceptable 

if it comes from a re-allocation of existing public resources, that thought to be 

acceptable tends to be higher, because the evaluators do not perceive burden to the same 

extent when they consider spending public resources.  Focusing on existing public 

resources, the acceptable amount of outlay from public resources per one additional unit 

of expenditure will vary depending on the purpose of the outlay (e.g., for public 

construction projects, education, and self-defense forces) because marginal utility 

differs among these purposes.  Some investigators have therefore pointed out that 

evaluating acceptable subsidy amounts based on existing general resources is unlikely 

to achieve the goal satisfactorily.  

With these facts in mind, the present study was designed to evaluate the relative 

value of a new project and some particular existing projects, using the technique of the 

choice experiment (CE), which is a type of stated preferences method.  More 

concretely, the study was designed to use CE to evaluate the value of a subsidy for road 

construction/improvement projects (outlaid from gasoline-related taxes) versus a 

subsidy for domestic bio-fuel production relative to the gasoline price.  The study was 

designed to additionally estimate, by means of the contingent valuation method (CVM), 

the amount people are willing to pay for domestic E3 fuel, taking into account the 

burden to consumers arising from a gasoline price increase.  The evaluated amounts 

obtained through these two methods were combined to determine the acceptable amount 

of subsidy for domestic E3 fuel production by the re-allocation of existing public 

resources (budgets for road construction/improvement projects).  

This paper is organized as follows.  Section 2 explains the Methods of analyses 

used.  Section 3 presents the profiles designed.  Section 4 outlines the survey and data 

obtained.  Section 5 shows the results of estimation. Section 6 provides discussion.  

Section 7 contains a summary of the paper.  
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2. Analytical methods 

CVM and CE are the most frequently used types of stated preference method.  

With CVM, the subjects of the survey are often asked about WTP to facilitate 

environmental improvement and prevent environmental aggravation under contingent 

circumstances.  The thus evaluated values are deemed as the total WTP for switching 

from an existing to another policy. 

 CE was developed as a kind of conjoint analysis.  It has been used in market 

research for more than 30 years.  It began to be applied to environmental evaluation 

recently (Louviere et al., 2000).  CM is suitable as a means of estimating the marginal 

rate of substitution between elements of a policy and the critical WPT following a 

policy change.    

In the present study, a payment card was employed for CVM.  A conditional 

logit model was adopted for CM.  The conditional logit model used in this study is 

presented below.  Because CE involves selection of a substitute policy from several 

alternatives on the basis of the random utility model (McFadden, 1974; Ben-Akiva and 

Lerman, 1989), it can be expressed in equations, as shown below: 

When the i-th respondent selects j from the set of alternatives, C, the utility uijcan 

be defined by Equation (1): 
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So long as the error term are independently and identically distributed (IID) and 

follows a Type I extreme value (or Gumbel) distribution, the probability of selecting 

alternative j can be expressed as follows: 
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If a main effect model, confined to the feature vector xij specific to the alternative, is 

created for the observable utility function v, it can be defined by Equation (3): 

)3(

)exp(

)exp(

∑
∈

′

′

=

Cj

ij

ij

ij

x

x

β

β

π
  

where β denotes a parameter vector, xij.  In this case, the logarithmic likelihood 

function can be defined as follows: 
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d .  Otherwise, dy is equal to zero.  If 

parameters can be estimated, the welfare measure of MWTP can be calculated in the 

following way.  That is, the indirect utility function v can be defined by Equation (5), if 

it is assumed to be a linear function involving the attribute xk, the amount paid, p, and ���
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If this equation is subjected to total differentiation, deeming the utility level unchanged 

(dv = 0) and fixing the attribute xk (other than attribute xj) also at the initial level, the 

amount of WTP for one unit increase of attribute xj can be defined as follows:  
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In this way, MWTP following a change in the alternative policy’s level can be 

calculated. 

 

3. Questionnaire designed for CVM and CE 

The questionnaire consisted of 4 pages.  The first page contained questions 

about the interest of individual subjects in global warming and domestic bio-ethanol 

production.  The second page presented questions using the CVM.  The third page 

contained CE questions.  The last page asked questions regarding the attributes of 

individual respondents. 

 Several versions of the questionnaire were prepared (2,000 copies in total).  For 

CVM, two types of questionnaire (one with a double bound dichotomous choice and the 

other with a payment card) were prepared (1,200 copies of the former and 800 copies of 

the latter) and mailed to the subjects.  The former type of questionnaire listed the 

CE-related questions (for use in this paper) after the CVM-related questions.  The 

results of estimation with the payment card, whose analysis had already been completed, 

were employed for CVM.  As a result, data from 1200 copies of completed 

questionnaires were used for CE, and 800 copies for CVM. 

 

1) Questions for CVM 

In this study, the WTP for E3 fuel, derived from agricultural products such as rice, 

was evaluated, assuming that E3 fuel would be supplied at a gas station in Fukuoka 

Prefecture, Japan.  The CVM question was preceded by information about the external 

economic effect expected from the spread of bio-ethanol (derived from domestic raw 

materials such as rice).  

The CVM question was as follows: “Assume that you go to a gas station, where 

both E3 fuel and ordinary gasoline are available.  Please answer the maximum amount 

of money you are prepared to buy one liter of E3 fuel.   

When answering this question, please bear in mind that the total volume of gas 

you buy during a visit to the gas station is the same as before, and that although the use 

of E3 fuel does not adversely affect your automobile parts, your disposable income will 

decrease in proportion to the extra money paid for E3 fuel if its price is higher than the 

ordinary gasoline price. 

(The price of regular gasoline is assumed to be Yen 110/L.  Even if you regularly buy 

high octane gasoline or light oil, please assume that you usually buy regular gasoline.) 

 Encircle the number of the maximum amount of money you are prepared to pay 

for E3 fuel from the alternatives given below:  
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1) Will not buy 2) Will buy if the price is the same as regular gasoline   (Yen 110/L) 

3) Yen 111 4) Yen 112 5) Yen 113 6) Yen 114 

7) Yen 115 8) Yen 117 9) Yen 120 10) Yen 125 

11) Yen 130 12) Over Yen 130 (  �                  ) 13) Don’t know 

 

In addition to this question, two other versions of the question were prepared, 

adopting different regular gasoline prices (Yen 120/L and Yen 130/L). 

 

2) Profiles for CE 

The circumstances assumed for the economic evaluation of bio-fuel subsidy and 

the profiles involved in CE are presented below. 

Regarding the circumstances assumed, the subjects of the study were informed 

that a policy using a combination of: (1) tax cut on imported gasoline, and (2) a new tax 

for the promotion of 

domestic ethanol 

production may be adopted, 

and that the consumer 

price of gasoline may 

increase or decrease 

depending on the 

combination of (1) and (2). 

The subjects were asked to 

select one fuel if three 

fuels (A, B, and C) were 

available at the gas stand.  

For CE, three levels 

were set for each of the 

four attributes, and 27 

profiles were prepared for the combination of fuels A and B.  The baseline “fuel C” 

was added to them, to yield one set of profiles.  An example profile is given in Fig. 1.  

Six questions were posed to each subject using the questionnaire (prepared in 5 

versions). 

The attributes and levels involved in CE were as follows.  Three levels 

(domestic bio-fuel E3, imported bio-fuel E3, and gasoline) were assigned to the 

attribute “fuel type”, with gasoline serving as the currently used fuel.  This design was 

intended to evaluate WTP for different types of fuel, irrespective of the 

presence/absence of a public subsidy, so that the evaluation could cover the case where 

no political subsidy is granted for the bio-fuel.  

Three levels (Yen 2, 5, and 10) were assigned to the attribute “resources (subsidy) 

for domestic bio-fuel production”, and the baseline level was set at Yen 0.  However, 

since it is not possible to supply domestic bio-ethanol immediately to all gasoline-fueled 

automobiles, there may be cases where domestic E3 fuel cannot be supplied even when 

a subsidy is available. 

Three levels (Yen 45, 50, and 54) were assigned to the attribute “resources for 

road construction/improvement, etc.”, and the baseline level was set at Yen 56.  The 

baseline level (Yen 56) is the sum total of gasoline tax (Yen 53.8) (volatile oil tax of Yen 

48.6 + local road tax of Yen 5.2), and petroleum and coal tax (Yen 2.04). 

Fuel A Fuel B  Fuel C

Fuel type Imported 

E3 

Domestic 

E3 

 Gasolin

e 

Resources for 

domestic bio-fuel 

production 

Yen 2 Yen 5  Yen 0

Resources for road 

improvement  

Yen 54 Yen50  Yen 56

Price Yen 120 Yen130  Yen 125

Check one �  □
1
 □

2
 

 
□
3
 

3
             Figure 1  Example of profile 
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Three levels (Yen 120, 125, and 130) were assigned to the attribute “fuel price per 

liter”, and the baseline level was set at Yen 125.  The total of the resources for 

domestic bio-fuel and road construction/improvement is not always equal to Yen 56.  

Furthermore, the fuel price may be higher or lower than Yen 125 depending on changes 

in the crude oil price. 

Table 1    Attribute and policy level in CE 

Attribute  Policy level 

Fuel Type Gasoline (baseline), Domestic bio-fuel E3, 

Imported bio-fuel E3,Gasoline 

Resources for domestic bio-fuel 

production 

Yen 0 (baseline), Yen 2, Yen 5, Yen 10 

Resources for road improvement Yen 56 (baseline), Yen 45, Yen 50, Yen 54 

Price per litter Yen 125 (baseline), Yen 120, Yen 125, Yen 

130 

 

4. Survey outline and data 

 To conduct a questionnaire survey by the mailing method, covering almost all of 

Fukuoka Prefecture, 12 areas were selected and the sample size was decided, with 

location and population taken into account. Then, 2000 addresses were extracted at 

random from the Electronic Telephone Directory 2005 (the version complying with the 

Individual Information Protection Act).  The CE questionnaire was mailed to 1200 

addresses and the CVM questionnaire to 800 addresses.  Of these, 195 CE 

questionnaires and 133 CVM questionnaires failed to reach the destination for reasons 

such as address error.  The CE and CVM questionnaires were thus delivered to 1005 

and 667 subjects, respectively.  Responses were collected from 300 subjects for CE 

(valid responses: 29.9%) and 182 subjects for CVM (27.3%).  The survey period was 

from December 27, 2006 to January 20, 2007. 

 

5. Results of estimation 

���CVM 

Fig. 1 shows the percentage of each answer (“Will not buy”, “Will buy if the 

price is the same as regular gasoline”, or “Will buy even if the price is high”) to the 

question about the intention to buy E3 fuel at each price level of regular gasoline.  The 

percentage of the answer “Will buy even if the price is high” indicates the percentage of 

answers affirming a WTP of Yen 1 or more.  

As noticeable from Fig. 2, the 

percentage of respondents affirming a 

positive WTP for E3 fuel decreased as the 

assumed gasoline price became higher.  

In this survey, one of the selectable 

answers to this question was “Will buy if 

the price is the same as regular gasoline”.  

The percentage of respondents selecting 

this answer rose as the gasoline price 

increased from Yen 110 to Yen 130 (50.0% 

at Yen 110 and 63.3% at Yen 130).   

Because the analysis of factors 

�� ����

����

���	

��	 ���

���



��


���

�

��

��

��

��

��


�

��

������ ������ ������

��������

���

����������	


������	
������������������������	�����������

������	
����������������������

Figure 2 Gasoline price and WTP ���



determining WTP was not a major aim of this paper, only the simple average of 

amounts chosen by respondents is presented here.  WTP was deemed as Yen 0 for the 

answers “Will not buy” and “Will buy if the price is the same as regular gasoline”.  

The results indicate that the respondents were willing to bear a mean additional cost of 

about Yen 3.0/L for E3 fuel relative to regular gasoline. 
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Table 2 shows the independent variables used for the conditional logit model.  

ASC is an alternative specific constant.  ImE3 is a dummy variable indicating E3 fuel 

made of imported bio-ethanol (its value: 1 for imported E3-fuel- and 0 for gasoline).  

BioFuel indicates the amount of subsidy for domestic bio-fuel allocated the gasoline tax 

per 1 liter of fuel.  Road means the amount of resources allocated from the gasoline tax 

(per liter) to the road construction/improvement projects.  Price indicates the fuel price 

per liter.  

The 300 returned copies of 

the                                    

questionnaire contained answers 

to the 6 questions on CE.  

Excluding the copies with 

incomplete answers, etc., 1470 

pieces of data were analyzed.  

Table 3 shows the results of 

estimation by means of 

application of the conditional 

logit model to these data. 

 The utility of bio-fuel relative to gasoline was estimated to be high for both 

imported (ImE3) and domestic (DoE3) E3 fuel.  

The utility increased as the subsidy to domestic bio-fuel became greater.  On the 

other hand, allocation of the 

gasoline tax to road 

construction/improvement 

projects reduced the utility.  All 

of these estimated coefficients 

showed a significant difference (P 

< 0.01). 

 

 

6. Discussion 

1) Marginal willingness to pay 

(MWTP)

Now, the marginal willingness to pay (MWTP) is discussed.  Using Equation (6), 

MWTP for imported E3 fuel can be calculated as Yen 9.87/L (= - 0.745/(-0.0759)).  

MWTP for domestic E3 fuel is Yen 7.98/L (= - 0.606/ (-0.0759)).  At a glance, MWTP 

is higher for imported than for domestic E3 fuel.  However, when the estimation was 

repeated using dummy variables (domestic E3 = 0, imported E3 = 1), the p-value for the 

coefficient estimated for imported E3 was 0.107, indicating the absence of a significant 

difference at the significance level of 0.1. 

Table 2  Explanatory variable and definition 

Variable Definition 

ASC Specific Alternative Constant 

ImE3 1= imported bio-fuel E3, 0= 

gasoline 

DoE3 1=domestic bio-fuel E3, 0= gasoline

BioFuel Resources for domestic bio-fuel 

production 

Road Resources for road improvement 

Price Price per litter (Yen) 

           Table 3  Estimated Result  

Variable Estimated 

 coefficient

t value p value

ASC 1.252 7.891 0.000

ImE3 0.748 7.589 0.000

DoE3 0.606 6.434 0.000

BioFuel 0.0537 3.982 0.000

Road - 0.0325 - 3.106 0.000

Price - 0.0759 - 8.041 0.000

Log likelihood -1173.62
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The mean WTP for domestic E3 fuel evaluated by CE (Yen 7.98/L) was 2.66 

times as high as that evaluated by CVM (Yen 3.0/L).  One possible reason for this 

difference is that with CVM, which employed a payment card, more than half of the 

subjects selected the answer “Will buy if the price is the same as regular gasoline” and 

the WTP for this answer was counted as Yen 0 in the calculation of the mean WTP.  

With CE, on the other hand, no such answer was listed as an alternative, forcing the 

subjects to select an answer affirming a slightly higher price if they desired to use 

domestic E3 fuel, thus resulting in a higher mean WTP.  

When the gasoline-related tax is re-allocated to the subsidy for domestic bio-fuel 

production, the MWTP (or marginal value) per Yen 1 domestic bio-fuel production is 

calculated as Yen 0.707 (= -0.0537/ (-0.0759)). 

When the gasoline tax is allocated to road construction/improvement projects, 

MWTP per Yen 1 gasoline tax used for road construction/improvement projects is Yen 

-0.428 (= -(-0.0325)/(-0.0759)).  This means that the gasoline price needs to be 

reduced by Yen 0.428 to make up for the reduction of utility per Yen 1 gasoline tax used 

for road construction/improvement projects. 

2) Comparison between domestic and imported bio-fuels 

Utility tended to be higher for imported E3 fuel than for domestic E3 fuel.  It 

seems likely that the utility of domestic bio-fuel will become higher if the subsidy for its 

production is increased.  The difference in utility between imported and domestic E3 

fuel was 0.140 (=0.748 - 0.608).  Dividing this difference with 0.0537 (the marginal 

utility of subsidy to domestic bio-ethanol production) yields 2.60.  This means that the 

production and supply of domestic bio-fuel will become more valuable than the supply 

of imported bio-fuel if the system for domestic bio-fuel production is established with 

the help of a subsidy of Yen 2.6/L or more. 

 

3) Reallocation of resources for promotion of domestic bio-ethanol production 

What is the acceptable amount of subsidy for domestic bio-ethanol production 

from public resources?  WTP, i.e., the extra price relative to the regular gasoline price 

the nation can accept to buy domestic E3 fuel, was estimated to be Yen 3.0/L on average 

using the CVM data. 

If this WTP (Yen 3/L) is divided by MWTP per Yen subsidy for domestic bio-fuel 

production expressed in terms of the gasoline price (0.707), we obtain Yen 4.24/L.  

This means that consumers will accept a re-allocation of Yen 4.24/L from 

gasoline-related tax to the subsidy for domestic bio-fuel production. 

 Therefore, if Yen 4.24/L of the gasoline-related tax is used for establishing the 

system for domestic bio-ethanol production and supply of domestic E3 fuel, domestic 

E3 fuel will provide more value to consumers than imported E3 fuel when compared 

using the same end-user fuel price. 

If Yen 1 tax is levied on each liter of gasoline, the annual revenue is about Yen 60 

billion.  Fukuoka City, in which the present survey was conducted, is often used as a 

representative city of Japan in market surveys of new products.  In view of this fact, 

the results could be extrapolated to the entire country.  If this extrapolation is valid, a 

subsidy for domestic bio-ethanol production of Yen 4.24/L corresponds to the 

re-allocation of about Yen 254.4 billion from the total gasoline tax revenues. 
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7. Conclusion 

The present study focused on bio-ethanol, and attempted to evaluate the value of 

domestic bio-ethanol which consumers would be willing to pay by means of the 

contingent valuation method (CVM). The study additionally determined the value of 

public construction projects relative to the gasoline price by means of the choice 

experiment (CE).  The results from both analyses were combined to estimate the 

amount of subsidy for domestic bio-ethanol production acceptable for consumers. 

The mean value of domestic bio-ethanol, as determined from the results of the 

questionnaire survey in Fukuoka Prefecture, was Yen 3.0/L.  The marginal willingness 

to pay (MWTP) for domestic bio-ethanol production, by means of the re-allocation of 

gasoline-related tax, was 0.707 when determined by CE.  Thus, the amount of 

gasoline-related tax whose re-allocation to domestic bio-ethanol production is 

acceptable for consumers is calculated to be Yen 4.24/L (= Yen 3/L ÷ 0.707).  Because 

about 60 million kL of gasoline are annually sold in Japan, a gasoline tax of Yen 1/L 

would yield an annual revenue of Yen 60 billion.  These results suggest that national 

consensus is likely to be gained for allotting a sizeable subsidy for domestic bio-ethanol 

production. 
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Abstract

Red River Delta is an important rice cultivation region in Vietnam; farmer was long 

time rice intensive experience. Rice land area of the RRD occupied 16,8% of  the rice 

land area of whole country. There are four provinces have largest rice cultivation area 

into this region is Ha Tay, Hai Duong, Thai Binh and Nam Dinh. Rice cultivation area 

of this province occupied 65.8 to 85.9% of the rice cultivation area total. Recently 

years, this ration less and less by developed industrial zone, infrastructure, traffic , 

residential area and other parts  changed from rice cultivation to other farming systems 

as fruit tree farms, VAC farms. The Red River Delta have highest rice yield compares 

other regions, gained average is 58.1 quintal/ha. Rice variety structure in RRD is very 

diversity and can divide into main groups are modern and hybrid variety. Result 

surveyed in five provinces, of which modern occupied 66.2 to 95.4% of the rice 

cultivation area, hybrid rice varieties sowing largest area in Ha Nam and Ninh Binh 

province with 28.2 to 33.8% of rice cultivation area in these two provinces 

Cropping pattern in Red River delta is very diversity, they depend on the climate, water 

condition, especial depend on the kind of rice land. Cropping pattern in upper terrace 

area is 3 – 4 seasons per year, terrace area is 2- 3 seasons and lower area is 1 – 2 

seasons per year. The cropping pattern three season gives gross return and return above 

variable cost higher other cropping pattern with winter crops planted in third season is 

cash crops as water melon, soybean, chili, sweet pepper, squash. But farmer plants cash 

crops always facing with market risks when price fall down. The modern rice 

production brought higher effective hybrid rice from 2 – 6 milion VND/ha, between 

hybrid varieties also gives GR and RAVC is difference. The GR and RAVC is also 

difference between local and spring and summer season. Farmer planted rice in Red 

River Delta is facing problems that are instability climate, high input by increasing 

price of fertilizers, herbicide, pesticide and labour. Rice yield in Red River Delta is 

very difficult more increases in next time because farmer applied highest intensive 

cultivation, therefore rive  was to yield ceiling, this is challenge in the future. 
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Abstract 

Vietnam has achieved sound results in the research and development of hybrid rice. Since being 

introduced into Vietnam in the early 1990s, the growing areas of hybrid rice have risen very 

quickly, from 11 thousand ha in 1992 to around 600 thousand ha in 2006. Currently, hybrid rice 

accounts for around 8 percent of total rice areas and the average yield reaches 6.5 tons per ha, 

which is 1 ton more than inbred rice. Despite great achievements in area expansion, hybrid rice 

in Vietnam is currently facing many challenges, including a shortage of self-sufficient seed 

production, problems in imported hybrid rice seed control, and concern for the quality of hybrid 

rice. This study attempts to shed light on hybrid rice consumption and its quality through 

preliminary assessments by rice consumers in both urban and rural areas of Vietnam. The 

primary data for this study was gathered from rice consumers in both urban areas and rural areas 

of Vietnam through direct interviews. The study results show that the quality of hybrid rice 

appears to be a little better than that of conventional rice, but poorer than that of high quality rice, 

from the consumers’ viewpoint. Hybrid rice is consumed almost solely by  rural households, and 

especially by hybrid rice-growing households. More than half of hybrid rice-farming households 

cook hybrid rice quite often, while others cook hybrid rice only sometimes or very rarely. For an 

increase in hybrid rice consumption in both urban and rural areas, it is necessary to select and 

introduce high quality hybrid rice varieties to farmers. 

Keywords 

Hybrid rice, consumption, assessments   

1. Rationale of the research 

Hybrid rice was introduced to Vietnam in the early 1990s. Since then, Vietnam has achieved 

sound results in the research and development of hybrid rice. From 1992 to 2006, the growing 

area for commercial hybrid rice increased from 11 thousand ha to around 600 thousand ha, or 

fifty-five fold. The area of hybrid rice today account for around 8 percent of total rice area and 

hybrid rice has been transplanted into many provinces of Vietnam. The average yield of hybrid 

rice is 6.5 tons per ha, more than 1 ton higher than that of inbred rice. 

Despite the great achievements in area expansion, hybrid rice in Vietnam is currently facing 

many challenges, including a shortage of self-sufficient seed production, problems in imported 

hybrid rice seed control, and concerns about the quality of hybrid rice. It could be said that up to 

the present, there have been very few studies on hybrid rice quality, and almost no research on 

consumer preference and assessments of hybrid rice quality.  Whether or not hybrid rice is 

welcomed by rice consumers in Vietnam is still a question without clear answers. Under such ���



circumstances, this study attempts to shed light on the consumption and quality of hybrid rice 

through preliminary assessments of rice consumers in both urban and rural areas of Vietnam. 

The specific objectives of the research include (1) giving a short description of hybrid rice 

production in Vietnam, (2) providing an overview of hybrid rice consumption in Vietnam, and 

(3) investigating preliminary assessments of hybrid rice quality given by rice consumers. 

2. Research method 

2.1. Data collection 

 - Secondary data: General data on hybrid rice growing areas, production and rice 

consumption in Vietnam were gathered from Statistical Year Books, the annual reports on hybrid 

rice production of the Department of Crop Production of MARD and related publications.   

 - Primary data: Primary data on hybrid rice consumption were gathered through direct 

interviews of 96 rice consumers in an urban area (Hanoi) and 32 rice consumers in rural areas in 

Hai Duong province. The surveyed households were selected randomly. The main contents of 

the questionnaire included a profile of the survey household, the quantity of rice consumption in 

the household in general and of hybrid rice in particular, and an assessment of the quality of 

hybrid rice. Moreover, focus group discussions with local officials and households were also 

held to obtain information on hybrid rice production, consumption and assessments of its quality.      

2.2. Analytical procedures 

The empirical analysis of this research relies on two main procedures: descriptive statistics and 

comparative analysis. Descriptive statistics, with the support of the arithmetic mean, percentage, 

frequencies and tabulation, was used to describe the status of hybrid rice production and 

consumption and to understand the consumers’ assessments of hybrid rice. Comparative analysis 

was used to identify the development of hybrid rice production over the years and the differences 

in rice consumption between urban and rural areas, and among household groups.  

3. Results and discussion  

3.1. Overview of hybrid rice production in Vietnam 

Thanks to support from international organizations and from the Vietnamese Government, the 

hybrid rice area in Vietnam has substantially increased over the last 15 years. Starting at 11,094 

ha in 1992, the growing area of hybrid rice reached 584,200 ha in 2006 (Table 1), accounting for 

around 8% of the total rice growing area of the country. Vietnam has become the country with 

the second largest hybrid rice growing area, behind only China. The hybrid rice is mainly grown 

in the Red River Delta (Nam Dinh, Ninh Binh, and Ha Nam provinces), the northern coastal 

region (Thanh Hoa, Nghe An), and also in the northern mountain region (Yen Bai, Tuyen Quang, 

Lao Cai).  On average, the yield of hybrid rice is between 6 and 6.5 ton/ha/crop (Table 1), about 

1 ton higher than that of inbred rice. There is also a significant difference between the winter-

spring and summer-autumn seasons in yield. Generally, the yield in the winter-spring season is 

around 0.5 ton/ha higher than that in the summer-autumn season. The total production of hybrid 

rice in 2006 reached 3.7 million tons, accounting for 10.8% of the country’s total rice production. ���



Therefore, it can be said that hybrid rice has significantly contributed to food security in Vietnam, 

especially in the northern provinces.    

Despite many efforts in hybrid rice seed production, Vietnam is still heavily dependent on seed 

imported from China. In 2006, there were 1915 ha of hybrid rice seed growing area and seed 

production reached 3866.8 tons, the highest in history. However, that level of seed production 

could only meet around 20% of the total demand for hybrid rice seed. In 2006, the Chinese Nhi 

Uu 838, Nhi Uu 63, and D.Uu 527 were the main varieties, accounting for 65-70% of total seed 

amount, while domestic varieties such as TH3-3, Th3-4, VN20, HC1, HYT83, and HYT100 

found a good standing in the summer-autumn season. In 2007, Vietnam still had to import 

13,000 tons of hybrid seed from China for the winter-spring season, and plans to import between 

4,000 and 5,000 tons for the summer-autumn season (MARD, Jun 2007).  

 Table 1: Growing areas, yield and production of hybrid rice in Vietnam 1992-2006 

Year Area (ha) Yield (tons/ha) Production (1000 tons) 

Total SP SA Total SP SA Total SP SA 

1992 11,094 1,156 9,938 6.22 7.20 6.10 69 8 61

1993 34,684 17,025 17,659 6.75 7.02 6.50 234 120 115

1994 60,077 45,430 14,647 5.84 6.26 4.54 351 284 66

1995 73,503 39,698 33,805 6.14 6.35 5.91 451 252 200

1996 127,713 60,416 67,297 5.85 6.71 5.07 747 405 341

1997 187,700 110,802 76,898 6.35 6.56 6.14 1,192 727 472

1998 200,000 120,000 80,000 6.50 6.70 6.30 1,300 804 504

1999 233,000 127,000 106,000 6.47 6.50 6.43 1,508 826 682

2000 435,508 227,615 207,893 6.45 6.50 6.37 2,809 1,479 1,324

2001 480,000 300,000 180,000 6.44 6.60 6.30 3,091 1,980 1,134

2002 500,000 300,000 200,000 6.30 6.50 6.00 3,150 1,950 1,200

2003 600,000 350,000 250,000 6.30 6.45 6.00 3,780 2,258 1,500

2004 577,000 350,000 227,000 6.08 6.45 5.40 3,508 2,258 1,226

2005 571,000 353,000 218,000 6.30 6.50 6.10 3,556 2,345 1,211

2006 584,200 346,000 238,200 6.32 6.50 6.15 3,714 2,249 1,465

(Source: MARD, 2007) 

In 2006, the National Centre for Varieties Evaluation and Seed Certification received 641 

samples of hybrid rice from around 40 companies. It also received requests to test for 93 new 

hybrid rice varieties in 2006. More than 30 companies are involved in hybrid seed importation. 

The testing work is considerable with so many import companies and varieties (MARD, Jun 

2007). The failures of hybrid rice in Nghe An and Ha Tinh in 2005 and 2007 could be due to the 

lack of control over hybrid rice seeds.  

3.2. Hybrid rice consumption  

3.2.1. Overview of rice consumption in Vietnam 

Rice plays a central role in food consumption in Vietnam, accounting for three-quarters of the 

caloric intake of the average Vietnamese household. According to the World Food Statistics, the 

total rice consumption in Vietnam accounted for around 80% of total rice production in recent 

years. The per capita rice consumption tended to remain at 215-220 kg/year from 2000 to 2006 ���



(Table 2). This figure is very high compared to other countries in the world, including those in 

Asia (Fig. 1). 
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Fig 1. Per capita rice consumption across the countries (kg)

Table 2: Rice production and consumption in Vietnam over time 

Year Area harvested 

(1000 ha) 

Production 

(1000 tons) 

Total consumption 

(1000 tons) 

Per capita consumption 

(kg/capita) 

1960 4602 5959 5789 182.9 

1970 4631 6445 7042 165.4 

1980 5468 7697 7722 143.8 

1990 6278 12393 11345 168.6 

2000 7493 20473 16932 214.2 

2005 7314 22772 18392 220.2 

2006 7385 22700 18500 219.2 

2007 (est.) 7350 22994 18750 219.9 

(Source: http://worldfood.apionet.or.jp/)

According to the VLSS 1992-1993, rice is consumed by practically every household in Vietnam 

(99.9%). The data from that survey indicate that the average rice consumption in 1992-1993 was 

156 kg per capita. Rice consumption does vary, however, by household type and region. Urban 

households consume about 127 kg of rice per capita, compared with 160 kg per capita in rural 

areas. Rice consumption ranges from 131 kg per capita in the Southeast to close to 170 kg per 

capita in the Red River Delta. It has also been found that rice consumption rises with income. At 

low income levels, rice is a normal good. Beyond a certain level of income, however, rice 

consumption begins to fall, making rice an inferior good (Nicholas Minot and Francesco Goletti, 

2000).  
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3.2.2. Hybrid rice consumption 

To understand hybrid rice consumption, 96 households in urban Hanoi and 32 households in a 

rural area of Hai Duong province were randomly selected for the survey. The survey results 

indicate that there were significant differences between rural and urban areas in rice 

consumption in general and hybrid rice consumption in particular. 

At first, the consumption levels of rice per capita of urban and rural areas were quite different. 

While per capita rice consumption in Hanoi was only 6.8 kg/month or 81.6 kg/year on average, 

the figure in rural areas was around 12.4 kg/month or 148.8 kg/year (Table 3). This great 

difference comes from the fact that the household income in urban Hanoi was much higher than 

that in rural areas. While the average household income in rural areas was only 1.6 million VND 

per month, the figure in urban Hanoi was 5.46 million VND, 3.4 times higher. All survey 

households in rural areas had incomes of less than 3 million VND per month. However, 90.6% 

of the survey households in urban Hanoi had incomes of more than 3 million VND per month 

and 31.25% had incomes of more than 7 million VND per month (Table 3). The people with 

high incomes in Hanoi tended to replace rice with other foods, and rice seemed to be an inferior 

good for them. 

Table 3: Rice consumption and household income 

Indicator Unit Urban Rural 

1. Per capita rice consumption/month    

   - Average  kg 6.8 12.4 

   - Range  kg 4-12 7.2-18.4 

2. Household income level     

- Less than 1 mil VND per month % 1.04 9.38 

- Between 1 and 2 mil VND per month  % 1.04 71.88 

- Between 2 and 3 mil VND per month  % 7.29 18.75 

- Between 3 and 4 mil VND per month  % 16.67 0.00 

- Between 4 and 5 mil VND per month  % 22.92 0.00 

- Between 5 and 6 mil VND per month  % 14.58 0.00 

- Between 6 and 7 mil VND per month  % 5.21 0.00 

    - More than 7 mil VND per month % 31.25 0.00 

(Source: Household survey 2007)  

With high income, the households in urban areas usually consumed high quality rice. The 

important factors for urban people making a rice-purchasing decision are the deliciousness 

(38.2%), healthiness (23.9%), and safety of the rice (23.4%). Only around 10% of urban people 

reported wanting to save money when buying rice. The surveys also revealed that the main rice 

varieties consumed by urban people include Tam Hai Hau, Bac Thom, Tam Thai, Gao Dien Bien, 

Du Huong and Xi. Only 1% of interviewees said that they had used hybrid rice in the past. 

Therefore, it can be said that hybrid rice has still not been able to penetrate the market in Hanoi. 

The main reasons for which almost no urban people consume hybrid rice are that: (1) consumers 

do not know the hybrid rice varieties or their quality (41.86%), (2) hybrid rice is less delicious 

than the rice that they usually consume (40.69%), and (3) hybrid rice is not as sticky as the rice 

that they usually consume (6.97%).  ���



In rural areas, 87.5% of the survey households grew hybrid rice in 2006, while the rest (12.5%) 

did not. The main varieties of hybrid rice grown were D.Uu 527, Bac Uu 593, Bac Uu 827, Van 

Quang 14, Moc Huong, Thien Huong, HC1, and HYT 83. The average hybrid rice growing area 

was 990 m
2

 per household in the winter-spring  season (accounting for 39.4% of the total rice 

growing area in the winter spring season) and 918 m
2

 per household in the summer autumn 

season (or 36.9% of the total). The average yield of hybrid rice was 6.9 ton/ha in the WS season 

and 6.4 tons in the summer autumn season, around 1 ton/ha higher than that of conventional rice.  

Table 4. Hybrid rice consumption in rural areas 

 Unit Winter-spring 

season 

Summer-autumn 

season 

Total production kg/hh 665 596 

1. For food consumption % 49.9 50.3 

2. For feed % 22.1 19.8 

3. For sale % 24.4 28.3 

4. For other % 3.6 1.6 

(Source: Household survey 2007)  

Almost all households growing hybrid rice kept it for their own consumption. The rice they 

consumed accounted for around 50% of total hybrid rice production. Additionally, the 

households sold around 24-28% of the rice and kept 20-22% for feed (Table 4). The survey 

results indicate that 50% of hybrid rice-growing households sold hybrid rice to the market. 

64.3% of those sellers reported that their buyers used hybrid rice for food, while 21.4% said that 

the buyers used hybrid rice for feed and 42.8% reported that their buyers used hybrid rice for 

processing.  

It was found that 6.3% of the survey households cook hybrid rice very often, while 50% of them 

cook it often for their daily meals. However, 28.2% of the households reported that they cooked 

hybrid rice only sometimes or very rarely, although they did grow hybrid rice. Moreover, 15.6% 

of the survey households did not cook hybrid rice because most of them (80%) did not grow 

hybrid rice (Table 5). Among the households cooking hybrid rice, 74.1% reported that they 

mixed hybrid rice with conventional rice when cooking, while only 25.9% cooked hybrid rice 

alone. This demonstrates the fact that hybrid rice faces difficulties in replacing conventional rice 

in the daily meals even of rural households. 

Table 5. Frequency of cooking hybrid rice in rural households 

 No. of households % of households 

1. Frequency of cooking hybrid rice 32 100 

 - Very often 2 6.3 

 - Often 16 50.0 

 - Sometimes 7 21.9 

 - Rarely 2 6.3 

 - Never 5 15.6 

2. Type of cooking 27 100 

  - Mixed with conventional rice 20 74.1 

  - Not mixed with conventional rice 7 25.9 

(Source: Household survey 2007)  ���



3.3. Consumers’ assessments of hybrid rice 

For those who consumed hybrid rice, questions on how they assessed the quality of hybrid rice 

in comparison with common rice and fragrant rice were raised. The common rice and fragrant 

rice used for comparison were the Khang Dan and Tam Thom varieties, respectively. The quality 

of rice is reflected in three main indicators: stickiness, degree of spreading, and deliciousness.  

Table 6. Comparison of the quality of hybrid rice and other rice 

Indicator 

Compared with conventional rice 

(Khang Dan variety) 

Compared with fragrant rice 

(Gao Tam) 

Better Same Less No 

opinion

Better Same Less No 

opinion

1. Stickiness 65.6 6.3 6.3 21.9 6.3 6.3 46.9 40.6

2. Degree of 

spreading* 18.8 15.6 21.9 43.8 31.3 9.4 6.3 53.1

3. Deliciousness 59.4 6.3 15.6 18.8 3.1 6.3 53.1 37.5

(* refers to high volume expansion after cooking) 

(Source: Household survey 2007)  

The quality of hybrid rice seems to be a little higher than that of the common rice variety (Khang 

Dan). The majority of the consumers reported that hybrid rice is stickier (65.6%) and more 

delicious (59.4%) than the common one. However, a significant share (15.6%) of the consumers 

said that hybrid rice is less delicious. It is possible that because there are a number of hybrid rice 

varieties, their deliciousness levels are different. According to the consumers, hybrid and 

common rice varieties are not significantly different in their degree of spreading. Therefore, a 

majority of the hybrid rice consumers said that they would possibly increase their hybrid rice 

consumption (48%) or keep their consumption unchanged (44%). Only a small share (8%) 

reported that they would decrease hybrid rice consumption in the future.   

In comparison with the fragrant rice, a significant share of the consumers (31.3%) reported that 

hybrid rice has a higher degree of spreading, while only 6.3% reported the opposite. However, it 

is also quite clear that fragrant rice is stickier and more delicious than hybrid rice (Table 6). In 

short, the quality of hybrid rice is not as high as that of fragrant or high quality rice. This 

possibly explains why hybrid rice faces great difficulties in penetrating the Hanoi rice market, 

where people have higher incomes and prefer high quality rice.  

4. Conclusion 

Hybrid rice has seen great achievements in area expansion and played a significant role in food 

security in Vietnam. However, hybrid rice consumption is still limited due to its quality. 

Although the quality of hybrid rice is seemingly a little bit better than that of common rice, it is 

far poorer than that of high quality (fragrant) rice. In urban areas like Hanoi, where people have 

higher income and pay a great deal of attention to the deliciousness and safety of their rice, in 

almost no households is hybrid rice consumed. Hybrid rice is consumed only in rural households, 

especially by hybrid rice-growing households. More than half of the growing households 

(around 56%) cook hybrid rice quite often, while others cook hybrid rice only sometimes or very ���



rarely. In order to increase hybrid rice consumption in both urban and rural areas, it is necessary 

to select and introduce high quality hybrid rice varieties to farmers. 
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Abstract 

Farmer’s rice farming needs are a crucial issue for rice farmers should be considered by 

researchers as well as extension specialists.  In the study, a survey of 180 rice farmers was 

conducted in three communes in Hung Yen province. A stratified sampling method was used. 

Although the share of income from rice crops of the total household income is decreasing, 

knowledge on the techniques of rice cultivation and new information especially on new rice 

varieties are likely to be needed by a number of rice farmers. More than 70 percent of farmers 

ranked the information on new rice varieties needed as “very important” while the figures for 

types of fertilizers, pests and diseases, and rice markets were 26, 22 and 10 percent, respectively.  

Half of total farmers surveyed needed information on high quality rice varieties. About 37 

percent of the surveyed farmers responded that they needed more information on the hybrid rice 

while the number for inbred rice was 44 percent. Analysis of survey data has led to the 

conclusion that rice farmers need more information on rice techniques than rice markets. 

Policies which allow the extension system to be more active and new rice varieties to be more 

available are desirable. 

Key Words: Farmer needs, extension, rice farmers, rice farming. 

1. Introduction 

The Vietnamese agriculture and rural economy have undergone vast changes in the last two 

decades, particularly since the introduction of the Doi Moi (renovation) policy in 1986. As a 

result, the agricultural gross domestic product (GDP) and gross output have been growing at an 

average of 3.9 and 5.4 percent annually between 1989 and 2003, respectively  (calculations from 

the data of the General Statistical Office 2001, 2004). Farmers have more than doubled the rice 

output so that Vietnam has changed from being an importer of rice to being the world’s second 

largest rice exporter behind Thailand. Recently, each year Vietnam exports about 4.6 - 4.7 

million tons of milled rice which is 16 percent of the total export volume of the world trade (see 

Table 1, United States Department of Agriculture (USDA) 2007).  

In Vietnam, rice which is a key crop for sustaining food security occupies nearly 60 per cent of 

the cropped area (Hossain et al. 2003). Therefore, income from rice may have a significant 

effect on the living standards of farmers, especially poor farm households. This is why the 

Vietnamese government has introduced a number of policies which have encouraged farmers to 

apply new techniques in rice farming and to adopt new seed varieties and technologies. A set of 

techniques in rice farming has been transferred through an extension system. In order to help 

farmers in rice farming, a survey on the need of rice growers has been conducted in Hung Yen 

province. In this paper, results of the survey will be presented. ���



This paper aims (i) to investigate the rice production of households in the research sites; (ii) to 

determine techniques needed by rice growers; and (iii) to review the channels of information 

accessed by farmers. The paper is organized as following: in the next section, farmer’s needs are 

overviewed. The data collection and research methods are presented in the next section. Results 

of the survey are presented in section four. Conclusions and policy implications are detailed in 

the last section. 

2. Farmer’s Needs and Extension 

Although many new technologies and practices have been widely proven in studies to be both 

productive and sustainable, the total number of farmers using them is still small. This is because 

these technologies and practices involve the substitution of management skills and knowledge 

for inputs. An approach to agricultural extension, however, has been to emphasize 

comprehensive understanding of those technologies and practices. Few farmers are able to adopt 

the new technologies without considerable adjustments. A part of the problems is that 

conditions of research are quite different from those experienced by farmers. 

An effective agricultural extension system is believed to be critical, especially in view of the 

major challenges facing the agricultural sector. There are a number of poor farmers who are still 

living in rural areas. Thus, increasing farmers' incomes through improved productivity is an 

important element in agricultural development and the poverty reduction process. In order to 

meet this target, the adoption of improved technologies and sustainable farm management 

practices is important. Therefore, the  agricultural extension system is one of the primary 

vehicles for diffusing  technologies and therefore clearly has an important role to play in the 

development process of agriculture (Umali-Deininger 1997) 

In Vietnam, farmer’s needs have been diversified. They can be in the form of information on 

markets, techniques, skills, and technologies. The need for agricultural information is likely to 

intensify today and in the future. Farmers will have to become more efficient and specialized if 

they get more information. One of the key information sources which can be accessed by 

farmers is through an extension system. From government perspectives, whatever priority is 

given to production, extension will remain a key policy tool for promoting sustainable and 

efficient farming practices. Rivera & Gustafson (1991) summarized the needs of four types of 

farmers as following. 

Type of farmers, their needs, and appropriate provider arrangements 

Types of farmers Needs Arrangements 

1. Large farmers High technology Commodity boards/ Private 

extension/Public cost recovery 

2. Middle-size 

farmers 

High technology/  

Farm management/ 

Processing management 

Private extension/ Public extension 

with eventually cost recovery 

3. Small farmers Needs assessment/ 

Low technology/  

Farm management/ 

Organisational skills 

Public extension services/ 

Cooperatives/ 

Farmer associations 

4. Subsistence 

farmers 

Needs assessment/ 

Low technology/ 

Organisational skills 

Public extension services 

Source: Rivera and Gustafson, 1991. ���



3. Data Collection and Research Methods 

The survey was conducted in Hung Yen province, the Red River Delta where rice is a major 

crop of the province. The aim of the survey was to gather information from a number of rice 

growers who may answer their needs on rice farming practices. As the survey was particularly 

concerned with farmer’s needs on rice farming, a stratified sampling strategy was used. Two 

districts, Khoai Chau and Van Giang, were selected. The districts were chosen on the basis of 

the comparative average area of rice. Discussions were held with district leaders to decide which 

communes were appropriate for surveys. The three communes chosen were   Nghia Tru and 

Vinh Khuc in Van Giang district and Thuan Hung commune in Khoai Chau district. The main 

characteristics of these communes such as land areas and the number of agricultural households 

are presented in Table 1. 

Table 1. Characteristics of the surveyed farm households and their rice production 

(per household) 

 Unit Average Nghia Tru Thuan 

Hung 

Vinh Khuc

Number of surveyed HH No 180 36 83 61

Male household heads % 45.6 41.7 41.0 54.1

Age of household heads Years 47.4 47.1 46.9 48.3

Number of HH members person 4.5 4.2 4.6 4.7

Main labors No 2.5 2.3 2.4 2.9

Education of HH members 

- Primary school % 18.9 11.9 25.2 14.1

- Secondary school % 44.4 43.0 48.0 40.1

- High school % 24.6 32.5 16.3 31.7

- Above high school % 12.1 12.6 10.5 14.1

Labors involved in rice farming No 2.6 2.4 2.5 2.7

Farm size sao 6.8 9.7 5.4 7.0

Rice areas sao 14.5 20.5 10.9 15.8

- Spring rice sao 6.1 9.1 4.4 6.7

- Autumn sao 6.2 9.1 4.7 6.6

- Other crops sao 2.1 2.3 1.8 2.4

Planted rice areas % 85.2 88.5 83.7 83.9

Average yields   

- Spring rice kg/sao 207.0 192.1 211.4 209.7

- Autumn kg/sao 183.6 175.6 184.9 186.7

Production kg 2409.5 3338.5 1806.4 2631.9

- Rice sold % 47.2 47.7 39.0 55.3

Commune/village leaders and the people responsible for agriculture and rice production were 

consulted about the composition of the samples. A purposefully stratified sample was chosen, 

based on the main criterion of achieving a range of the level of intensive rice farming and farm 

incomes. Other criteria that influenced sample selection were adoption of new rice varieties by 

farmers; involvement in activities of mass organizations and local government; capacity of 

providing information; and gender of main labors involving in rice farming of households. The 

total sample size was 180 households of which 83 households were in Thuan Hung commune, 

36 in Nghia Tru and 61 in Vinh Khuc. 

Questionnaires have been prepared and tested before the implementation of the survey. A ���



database was established in SPSS. Analysis of the data was mainly based on descriptive statistic 

methods. 

4. Results and Discussion 

a. Assessment of farmers on sources of information 

+ Characteristics of surveyed households: Main characteristics of farm households are 

presented in Table 1. In general, farm size was on an average level in the Red River Delta. 

Females were involved actively in rice production so that the ratio of female household heads 

was higher than males (54 percent). On average, the age of household heads was 47 years 

reflecting a high experience of surveyed farmers in rice farming. More than 36 percent of 

household heads have education degrees higher than high schools (Table 1). 

+ Rice production of farm households: Farm size and rice land of farming households are small. 

The average farm size of a surveyed household was 6.8 sao only (about 2,450 m
2

) and the total 

area of two cultivated rice crops was 12.3 sao (1 sao = 360 m
2

).  Small farm size is a significant 

constraint for the development of agriculture in the future. Therefore, a solution for the 

development of this industry should be improvement of rice yield and quality. In the research 

sites, the cultivated rice areas were 90 percent of the total cultivated areas of all crops. On 

average, the yield of spring rice was 207 kg/sao (5,750 kg/ha) and 183.6 kg/sao (5,100 kg/ha) 

for autumn rice of which rice yields in Nghia Tru commune were lower than that in other two 

communes. Although, rice yield was not so high but the ratio of commercial rice was at a high 

level of 47 percent. More than 80 percent of interviewees answered that they have sold rice for 

necessary home expenditures.

+ Household income:  Only 24 percent responded that their income from rice crops were a main 

part of household income while three quarters believed that other incomes were a major source 

such as salary (26.5 percent), livestock (26.5 percent), and trade (37.5 percent).  Surprisingly, 

Nghia Tru has a large area of rice and there is no land moving to industrial zones but the ratio of 

farmers answered that the major source of income from rice was low (19.4 percent). A reason 

could be that some surveyed households have not answered this question (Table 2). 

Table 2. Earnings of households 

(per responded household) 

 Unit Average Nghia Tru Thuan Hung Vinh Khuc 

Rice income/year VND ‘000 2,810 2,656 2,232 3,646

- From rice % 23.9 19.4 26.5 23.0

- Salary   % 26.5 35.7 27.9 19.1

- Livestock % 26.5 42.9 14.8 31.9

- Trade and services % 37.5 14.3 45.9 40.4

-  Off-farm works % 9.6 7.1 11.5 8.5

Income per capita/ month VND ‘000 471.8 571.5 408.7 503.4

Expenditure per capita/month VND ‘000 284.5 352.3 254.4 288.8

+ Rice sale: Most farmers (82 percent) kept a small amount of rice for home consumption, with 

the remaining amount sold for home expenditures. There were a number of channels for rice 

sales such as selling at home, at markets, to middlemen, and others. More than three quarters of 

households sold rice to middlemen at home. Sources of price information that help farmers sell 

their rice come mainly from relatives and markets at villages and communes. Most farmers (84 ���



percent) believed that they have no difficulty in selling rice. 

+ Rice techniques: Extension systems are the most important source of information providing 

techniques to rice growers. If the level of importance is divided in to four levels (one to four 

points) of which four is the most important, the average level from extension sources was 

estimated at 3.2 points. It means that rice farmers evaluated extension systems as an important 

source of providing information. More than a third of farmers classified extensions as a “very 

important” source. Forty six percent of farmers believed that they should consult with extension 

specialists if they need rice techniques. In another study, the conclusion is also that “almost all 

farmers see a need for having an extension agent in their commune. They would also like to 

have training courses 2 to 4 times a year and these courses should be for both genders” 

(Ministry of Agriculture and Rural Development and United Nations Development Programme 

2003). A reason could be that these sources of information are easy to access for farmers. 

Surprisingly, few farmers believed that information from television, radio and newspapers were 

“important” or “very important” sources.  Only 15 percent of farmers knew the program “three 

reductions and three gains” introduced by  the Ministry of Agriculture and Rural Development 

while almost a half (45 percent) of farmers had no idea about the program. Therefore, providing 

farmers facilities access to this channel of information should be considered by local 

government in the future (Table 3). 

Table 3. Information source on rice techniques  

 (percentage of responded households) 

Sources Level 1 

(lowest) 

Level 2 Level 3 Level 4 

(highest) 

From parents 3.2 26.1 34.4 36.3 

TV, radio, newspapers 12.5 37.5 46.4 3.6 

Labors, relatives 21.0 37.0 30.3 11.8 

Extension specialists 5.2 14.4 39.2 41.2 

Marketing people 30.0 10.0 20.0 40.0 

b. Farmer’s needs and techniques ranking 

+ Ranking of techniques needed: Rice growers have been asked “if rice techniques are available, 

what techniques do you need? Techniques include new rice variety, pest and disease protection, 

pesticides and herbicides, weather and climate, harvest, techniques on seedlings, fertilizers and 

spraying techniques, and market. Farmers ranked in terms of an important level as following: 

new rice variety (on average at 3.7 points), weather forecast (3.2 points), pests and diseases and 

pest protection (3.1 points), and fertilizers and fertilizer spraying techniques (3.0 points). More 

than 90 percent of farmers believed a new rice variety is  important while fertilizers and 

fertilizer spraying techniques and pest and disease protection are in turn 77 and 72 percent, 

respectively. Surprisingly, knowledge of farmers on markets and market economy is limited but 

few farmers need information on this issue (only 14 percent) (Table 4). A reason could be that 

farmers are price takers and prices seemed to not be different in the research sites. 

+ New rice variety: Regarding new rice variety, farmers were interested in a rice variety of a 

high quality (at 3.3 points). About 86 percent of farmers believed that high quality rice was 

“important” or “very important” (at 3 or 4 points). It reflects that farmers now move from high 

rice yield strategy to rice variety and high quality and food security may not be a problem in the ���



research sites. The second interest for farmers was a rice variety with a high pest and disease 

resistance (at 3.2 points) (Table 4). Surprisingly,  only 35 percent of farmers answered that they 

needed rice variety for export. This means that rice export may not be a consideration of farmers 

in the north. 

Table 4. Information on variety, fertilizers, pests and diseases needed 

Unit: % 

Items Level 1 (lowest) Level 2 Level 3 Level 4 (highest) 

Variety     

Inbred variety 6.4 17.0 31.9 44.7 

Hybrid variety 8.2 25.8 28.9 37.1 

Short term variety 13.8 34.5 39.1 12.6 

Variety with high quality 5.3 8.0 34.0 52.7 

Variety for export 50.7 14.1 22.5 12.7 

New characteristics of variety 5.3 23.9 48.7 22.1 

Where to buy new varieties 9.2 44.6 31.5 14.6 

Disease resistance 3.4 11.9 44.1 40.7 

Fertilizers     

Type of fertilizers 5.5 21.9 43.8 28.8 

Efficient spraying 2.5 19.6 47.2 30.7 

Using mixed fertilizers 5.8 12.9 31.0 50.3 

Disease protection for seedlings 15.7 36.1 28.9 19.3 

Pest and disease protection     

Pest & disease forecast 8.4 20.6 38.3 32.7 

Type of pests & diseases 3.8 13.8 45.6 36.9 

Pest & disease protection 2.1 27.6 32.4 37.9 

Application right pesticides 2.9 24.0 46.2 26.9 

Knowledge on pesticides 6.6 60.3 22.1 11.0 

Regarding rice seeds and seedlings, farmers were interested in the quality of rice seeds or “how 

to know the quality of rice seeds when they buy”. Farmers ranked this information needed at a 

high level of 3.4 points. Farmers evaluated information on the quality of rice seeds that come 

mainly from extension staff, local cadres, and relatives. Therefore, extension specialists should 

improve their role with  introduction of new rice varieties to farmers, especially varieties that are 

needed by farmers. 

+ Fertilizers and fertilizer spraying techniques: Almost all farmers in the interview answered 

that they were interested in “how to use mixed fertilizers” (at level 3.3 points) and “how to use 

fertilizers efficiently” (at level 3.3 points). More than 72 percent of farmers ranked the 

importance of fertilizer types at  levels of 3 and 4 (highest level). Sixty eight percent of farmers 

believed that information on fertilizers and fertilizer spraying techniques should be provided by 

extension specialists while this figure for local cadres was 54 percent (Table 4). 

+ Pest and disease protection techniques: Regarding this issue, farmers were interested in “how 

to identify types of pests and diseases” (at 3.2 points), “how to protect each type of pests and 

diseases” (at 3.1 points), and “how to forecast pests and diseases” (at 3.0 points). More than 60 

percent of farmers answered that sources of information on pest and disease protection should 

come from extension specialists and local cadres (67 and 63 percent, respectively) (Table 4). 

+ Rice market: Rice market is important; however, farmers believed that rice price is more ���



important for them. Few farmers ranked demand for rice at a highest level (at 4 points). Almost 

all farmers ranked it at the levels of 2 and 3 points. This means that farmers are price takers and 

they believe that their behavior may not have effects on the demand for rice. For them, rice price 

is important because it may have a significant effect on their income from rice. Surprisingly, 

information on the rice market came from relatives and friends. On average, 70 percent of 

farmers answered information on the issue from this source. The second important source of 

information on rice market came from the mass media (televisions, radios, newspapers) (more 

than 44 percent of farmers). 

5. Conclusion 

� Sources of information for farmers are, in turn, types of rice varieties (on average at 3.7 

points or “very important”); type of pests and diseases and method of protection (on 

average at 3.1 points); and fertilizers and spraying methods of fertilizers. 

� Regarding new rice varieties, farmers are interested in a rice variety with high quality. 

The second interest is resistant rice variety (on average at 3.2 points) 

� Farmers are also interested in techniques for  using mixed fertilizers (at 3.3 points) and 

“how to apply fertilizers efficiently” (on average at 3.1 points). 

� For pests and diseases, farmers need information on “how to know type of pests and 

diseases”, methods of pest and disease protection, and “how to forecast spread of 

diseases and pests”. 

�  Regarding the rice market, farmers are interested in rice prices while the demand for 

rice is considered less important by them. Farmers get  information mainly from 

relatives and friends as well as mass media (television, radios, and newspapers). 

� Extension specialists and commune cadres, especially cadres responsible in agriculture, 

have a significant role in transfer knowledge on rice techniques to farmers. Therefore, an 

improvement in this aspect would be highly appreciated. 
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Abstract

 The development of bio-energy provides agriculture with more opportunity for 

returns.  The current key attention to corn, sugarcane, soybeans, and palm oil for 

producing bio-energy is quite encouraging for the global agriculture.  Unfortunately, 

however, rice is overlooked in this issue.  For Asians, it is extraordinarily important to 

develop technology to utilize rice for ethanol and bio-energy. 

 Rice per capita consumption (RPCC) in Asian countries is still decreasing. Not only 

has it decreased from 160 kg to 50 kg in Taiwan and from 120 kg to 65 kg in Japan 

during the last four decades, the important point to note is that the decline in PRCC in 

those countries has yet to stop. Now, with the economy booming in giant countries such 

as China and India, their PRCC are steadily declining. Assuming this trend continues in 

Asia, the total consumption by 2050 will be at the most only at 535 million MT, which 

is substantially lower than what was estimated earlier by the IRRI.  If the decreasing 

rates were to accelerate threefold, the global total consumption of rice would not 

increase at all from the current level. 

 The global crop competition has been becoming more serious.  Consumption of 

rice and wheat, which are mainly consumed as direct food for human beings, have been 

leveled off since the early 1990’s for wheat and since 2000 for rice in spite of low prices.  

Meanwhile, consumption of corn and soybeans which are mainly consumed for feeding 

and processing has been increasing dramatically.  Public attention to bio-fuel due to 

skyrocketing oil prices is focused towards corn and soybeans as well as sugarcane and 

some palm oil, but not for rice.  A crop with less demand would lose its market share 

and eventually lose ground.  Because rice is the main agricultural product in most of 

Asian countries, a loss of rice should be catastrophic in Asia.   

 To avoid this situation, it is not only important but urgent for Asians to develop a 

low cost rice production method and to develop technology to utilize rice for ethanol 

production.  Asian countries are generally more competitive to produce rice over corn 

or other crops.  The hike of oil prices ironically provide a good opportunity for rice to 

be provided with more alternative demand.  It is also important to develop markets for 

rice in all aspects in the long run.  

I. Introduction

 The crude oil prices have been skyrocketing and reaching the level at around 100 dollars per 

barrel.  Now, uses of agricultural products for energy are getting more attention in society.  

Among the major crops such as rice, wheat, corn and soybeans, the main crops are only corn and 

soybeans that are being used to produce ethanol and diesel, respectively, and use of rice and 

wheat for energy is limited (USDA, 2007; OECD-FAO, 2007; and FAPRI, 2007).  ���



 In this situation, agricultural crops and crude oil essentially are substitutes with one another.  

Accordingly, price-movements of crude oil directly influence the price-movements of crops.  

As crude oil prices become speculative, so do the crops.  It is important, therefore, to identify 

numerical relationships between the two sectors. 

Meanwhile, total rice consumption in the world has not been increased as much as expected 

before.  Rice per capita consumption (RPCC) has been dropping in many Asian countries.  

Although prices of rice in the global markets are increasing during the recent years, it appears 

that this is only due to high prices of corn and soybeans; an indirect influence from the high oil 

prices.  It may be important to develop demand for rice in order to maintain strong demand for 

rice.  Otherwise, the Asian agriculture which is largely based on rice production and marketing 

would become less competitive against other crops such as corn and soybeans which are mainly 

from the North- and South-American Continentals. 

 Keywords: rice, corn, bio-energy, demand, global crop competition, Asia 

II. Price Movements of Crude Oil and Major Crops

 The monthly data released from the USDA (US Department of Agriculture) indicate that the 

farm prices for rice at $6.59/cwt in August 2005 and wheat at $119/ton in July 2005 were lowest 

before they started rising sharply.  Meanwhile, the farm prices at $2.09/bu. for corn and 

$5.23/bu. for soybeans in August 2006 were at the lowest prices before they began to rise sharply 

(Fig. 1).  Prices of rice and wheat hit the bottom about one year earlier than those for corn and 

soybeans.

 It is a general tendency that prices of all major crops fluctuate together within one year of lag 

or so.  The magnitude of fluctuation varies depending upon the crops, but a uniformed trend of 

the movement for all crops does exist.  Although there is a year lag between rice/wheat and 

corn/soybeans, they all continued to rise since August 2006.  By November 2007, rice prices hit 

a record high at 11 dollars/cwt nearly 70% rise since August 2005, wheat at 295 dollars/ton 2.5 

times higher since July 2005, corn at 3.49 dollars/bu. nearly 70% up since August 2006, and 

soybeans at 9.48 dollars/bu. an 80% increase since August 2006.  According to the daily price 

movements, those prices are staying at such high levels or still rising.  It appears that the 

movement of the crop prices may be influenced not only by the traditional demand such as 

human consumption and feeding but new demand for bio-fuel.  

The crude oil prices were around 20 to 30 dollars a barrel during the early 2000’s.   

���



It was only after late 2004 when the oil prices rose to around 50 dollar level (Fig. 2).  Oil prices 

started rising since then reaching the 70 dollar level by August 2006, but declined to below the 

50 dollar level by January 2007.  They were fluctuating to a certain extent but rather than 

staying stable until September 2007.  However, since then, the oil prices (WTI) started 

skyrocketing and reached the nearly 100 dollar level in November 2007. 

Corn farm prices started declining after reaching a monthly high at $3.53/bu in June 2007 to 

$3.26/bu in August 2007.  When the oil prices surged in September beyond 80 dollar level, the 

corn prices again changed the direction and kept on rising.  The daily price movements of crops 

Source������(USDA): Rice Outlook  Table3 / Rice Situation and Outlook Yearbook  Table18 / Wheat situation and Outlook Yearbook, Wheat Data Table20  

         / Feed Situation and Outlook Yearbook / Feed Grains Datebase,� Table9 / Oil Crops Outlook � Table 8 

S. Ito, Department of Agricultural and Resource Economics, Faculty of Agriculture, Kyushu University, Japan 

Source: http://worldfood.apionet.or.jp   http://www.nymex.com  

Fig. 1. U.S. Rice, Wheat, Corn and Soybean farm prices 

(Monthly since 1982)

Fig. 2. Prices of crude oil and agricultural products in the US.
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became much similar to that of oil prices (Fig. 3). 

Ethanol is a substitute for gasoline, and corn from which ethanol is produced is now an 

indirect-substitute for gasoline.  Therefore, daily movement of corn prices and oil prices move 

towards the same directions.  A regression for corn prices would be modeled as follows: 

  PCt = f (S/Uct, POt) -------------------------------------------------------------- (1) 

Where,

PC : farm price of corn in the US, $/bu, 

S/U : stocks-to-use ratio for corn at the end of marketing year in the US, 

PO : price of oil, WTI (West Texas Intermediate), $/bar, and 

t : daily time series data. 

Until the time when oil prices were still below or at around 30 dollars a barrel, a model for 

corn prices would be explained by variables such as only stocks-to-use ratio of the own crop and 

some other substitute grains to corn excluding the oil price variable on the right-hand side.  

However, due to the influence on corn prices by the oil prices, inclusion of oil prices as an 

explanatory variable may be quite important.   

A simple regression analysis for corn prices regressed by oil price variable resulted in the 

equation as follows: 

  PCt = 157.6 + 2.34 POt ---------------------------------------------------------- (2)

    (10.29)  (0.116) 

R
2

-adj. = 0.923,  

N = 35 days of daily data (October 1 – November 19, 2007), 

( ) indicates standard error. 

The estimated coefficients are both statistically very significant with the right sign.  These 

results indicate that corn prices go up by 2.34 cents per bushel as oil prices go up by 1 dollar a 

Fig. 3. Daily price movements of crude oil and corn 

(October 8, 2007 – November 19, 2007)

Source:  Chicago  Board of Trade: 

            http://futures.tradingcharts.com  
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barrel on a daily basis.  This relationship appears to be strong when oil price become above 80 

dollars a barrel.  As indicated in Fig. 2 and 3, oil prices during the period of analysis were 

mostly much higher than 80 dollars. 

Because rice is a substitute for corn to a certain extent in the global markets and also rice can 

produce ethanol as already practiced in China, rice has now become influenced by oil prices. So 

are all crops including sugarcane and cassava, etc.  Oil prices are becoming so influential to all 

kinds of agricultural products nowadays. 

III.Rice losing in the global competition 

The growth rate in the global crop production varies depending upon crops during the last few 

decades.  The overall situation is that the slowest and negative growth rates are observed in 

wheat production.  In rice, on the other hand, the situation appears to be following the wheat.  

Because rice is the staple food in Asian countries where some 85% of the global rice is consumed 

and rice per capita consumption (RPCC) in Asian countries is getting smaller as reported by Ito, 

et al (1989 and 2005) , Smil (2004), Mori, et al (2006) and Ito, et al (2007), rice consumption 

would not increase much for the future.  According to Ito, et al (2006), the global rice 

consumption would increase to only 450 million metric tons (milled basis) by 2025 under their 

scenario 2 which is most likely to happen among their three scenarios.   

 Among the major crops such as rice, wheat, corn and soybeans, rice and wheat may be losing 

in the crop competition.  In the Fig. 4, the situation is well described (data originally from 

USDA, 2008).  The wheat, in particular, has been in a bad situation for nearly two decades.  

The global wheat production set a record at 590 MMT in 1990.  It took seven years to set a new 

record after this.  A new record was set at only slightly over 600 MMT in 1997.  It took 

another seven years for the next record, 630 MMT in 2004.   
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Source: S. Ito; World Food Statistics and Graphics (http://worldfood.apionet.or.jp), Kyushu University, Japan September, 2007.

(Original sources are from ERS/USDA; PSD Online , August  2007).   Note: Rice is milled basis.
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Fig. 4. Evolution of world total production for rice, wheat, 

corn and soybeans,’61-‘07 
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 This slow progress in production of wheat in the world was influenced not by the 

weather/physical or environmental situations but the depressed market prices of wheat.  The 

global amount of wheat production used to be more than that of corn.  It was so only until the 

mid-1990’s.  The total production of corn has surpassed wheat since then.  In 2007, total wheat 

production is expected to be at below 600 MMT while that of corn is about 770 MMT, greatly 

more than wheat.  This huge jump of corn production has been boosted by increased uses for 

ethanol production as well as for feed and processing, while demand for wheat is mainly for 

direct human consumption.   

 The situation of rice is becoming similar to wheat.  Since 1999 when rice production set a 

new record at 408 MMT, the first time to reach beyond the 400 MMT level, it took six years 

before it set another record at 418 in 2005.  In 2006 and 2007, increases in rice production were 

very tiny and almost negligible.  The situation of wheat and rice makes a big contrast against 

the situation of corn and soybeans, both of which have advanced greatly.  The global 

consumption of wheat has been being leveled off since the mid-1980’s, while the global rice 

consumption has been leveled off since 2000.   

In terms of production growth rates for the individual crops during 1985 and 2007, the 

average annual growth rates are 1.28%, 0.70%, 2.15%, and 4.98% for rice, wheat, corn and 

soybeans, respectively (Fig. 5).  Meanwhile, the average global population growth rate was only 

1.42%. Note that the production growth rates for rice and wheat were even smaller than that of 

the population.  During the 22 years, the very slow growth rates of rice and wheat imply that 

producers’ profitability from producing these crops was not significant enough to increase 

production relative to those for corn and soybeans.  This also implies that market prices are 

relatively low in comparison to their own production costs in rice and wheat.  It may be that 

market prices for rice and wheat were not attractive enough to encourage researches for reducing 

production costs of the two crops.   

Fig

This is a serious problem for the overall agriculture in Asia where rice is the major crop and 

agriculture is based on rice.  Accordingly, development of new markets for rice and promotion 

Fig. 5. Annual production growth rates for rice, wheat, corn and soybeans  

(1985 and 2007).
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of rice consumption in Asian countries are indispensable to protect Asian agriculture. 

IV. Discussion 

Oil prices have remained at an unprecedented high-level during the recent years.  Since corn 

has been used to produce ethanol which substitutes for gasoline, demand for corn has been quite 

significant, leading to high prices of corn.   While over 80 million metric tons of corn was used 

just in the U.S., a volume of rice used for producing ethanol and bio-fuel has been quite limited 

and almost negligible in comparison to corn, soybeans and even wheat.  Demand for rice for 

human consumption has been weakening in Asia.  Further, the production growth rate of rice 

during the last two decades has been quite small relative to those for corn and soybeans.   

Rice is quite a suitable crop for the Asian monsoon weather.  While 90 percent of the global 

total rice production takes place in Asia and an 85 percent of rice is consumed in Asia, a 

declining trend of rice consumption in Asia clearly indicates that the Asian rice production will 

have to be reduced and will be in trouble in the near future.  Although production costs of rice 

in developed countries like Japan and Korea are quite large, the agriculture in many other Asian 

countries is most competitive in rice production.   

The fact that Asia has cut down rice production implies that Asian agriculture is losing its 

competitiveness relative to those in other regions in the world.  To cope with this situation, it is 

important to develop some new markets for rice such as processed food, bio-fuel, etc.  

Therefore, it is quite important to develop rice for bio-fuel.  While the prices of other crops like 

corn, soybeans and wheat have soared, it is a good timing for rice since that rice prices per metric 

tons are much higher than the other three crops.  It is now the time to develop demand for rice 

in all aspects.  Certainly, Japanese ODA programs can be used to assist for setting up for 

developing rice usage.  It is rather responsible for Japan to lead the recipient countries to utilize 

the funding for promoting the agricultural industries.  Again, rice sector is important for that 

aspect. 

Agriculture is an important economic activity in every Asian nation, and it is more so for 

developing countries.  To maintain the competitiveness in agriculture and strong business 

activities in the long run, it may be important for all Asian nations to conduct food education 

programs.
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Abstract

During Japan’s economic recovery after WWII, rice productivity and consumption 

levels were both increased. However, as the economy grew, rice consumption started to 

drop. In Japan, per capita consumption declined from 126.5kg in 1960 to 64.8kg in 2005, 

which accounts for a 48.8 percent decrease. The relationship between economic growth and 

rice consumption was widely studied, however, consumer behavior and consumer values 

regarding rice purchases in certain economic levels have not been studied yet.  

The objective of this study is to reveal consumer values and attributes of rice that 

affect consumer value on purchasing rice. For the objective, comparative analysis of 

consumer values and attributes were implemented by using CHAID analysis. Data was 

collected by a questionnaire survey given to consumers in Japan, Korea and Vietnam. 

The result of this analysis showed that: 1) values of consumers regarding rice 

purchases were found to be similar among targeted nations; 2) attributes of rice which 

satisfy consumer’s values differed by nation. Japanese and Korean consumers showed 

similar values, however, key attributes did not over-lap. Japanese consumers tended to be 

conscious of production area, price, store, variety, and name of producers, and on the other 

hand, Korean consumers were conscious of production area, design of package, organic, 

and level of chemical use. Vietnamese were conscious of date of milling, aroma and 

stickiness.

Key Words: Rice, Consumption, Consumers’ Behavior, Value, CHAID
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1. Introduction

 In general, rice consumption increases first as the economy grows, then it 

decreases eventually as the economy grows further. In Japan, rice production was rapidly 

increased after WWII. On the other hand, rice consumption per capita dropped to almost 

half from 126.5kg in 1960 to 64.8kg in 2005 (Figure 1). Similar trends have already seen in 

Korea Taiwan and also in China.  

Every nation at 

first focused on increased 

production to solve food 

shortage. However, once 

rice supply exceeds 

demand, the nation’s 

government has to face 

farm problem and the 

farmers suffer from over 

supply. Therefore, 

knowing the turning point 

(the peak of rice 

consumption) and 

consumption trend is very 

important to policy 

makers and farmers. The 

relationship between 

economic growth and rice 

supply has been studied. 

However, statistical 

analyses based on time 

series data from supply side 

have a limitation to estimate 

the turning point, because 

changes in consumer 

behavior are much more 

complicated.

In the process of 

rapid economic growth, the Japanese diet shifted from a rice-based traditional style to 

Western style which consumed more bread, meat and dairy products instead of rice. In 

other words, rice consumption increases at first as income (GDP) grew, and then it slows 

down and begins to decrease once income approached at certain level.  

This trend is also observed in Korea, Taiwan and even in China; however, the 
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Figure 2. Economic growth and rice consumption 

(conceptual diagram) 

Figure 1  Rice consumption per capita in Asian nations 

Source: USDA 
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paces are not the same. For example, Taiwan’s decline in rice consumption is very 

rapid and even faster than Japan’s and Korea’s, whose incomes are higher. It may be 

affected by the changes in value of Taiwanese.  

If so, revealing the changes in consumer values will give useful information to 

estimate rice consumption in the following developing nations including Vietnam. This 

study assumes that the “catch-up” effect exists also on the demand side and developing 

nations experience faster change in rice consumption.  

The “catch-up” effect on the supply side is known as the Gerschenkron Effect, 

which implies that developing countries need less time to increase their rice production by 

importing technology from developed countries. However, the effect on the demand side 

has not yet been revealed, especially in terms of consumers’ behavior and values on rice 

purchase. Why do people eat more/less rice? What values do consumers have? And/or what 

kind of attributes of rice do consumers care when they purchase rice?  

Revealing values or key attributes on rice purchase will help to estimate change in 

consumers’ behavior. Also, for the production side, it will help to estimate the trend of rice 

consumption, as well as it will provide helpful information on strategic decision making for 

farmers. In this study, crucial values and key attribute of rice on rice purchase will be 

analyzed using the data based on consumer questionnaires done in Japan, Korea and 

Vietnam. As a result, differences in consumers’ values will be revealed, which will help to 

estimate rice consumption levels and trends.  

2. Differences in Values by Rice Consumption Level 

 In order to reveal crucial values and key attributes 

for rice purchase, a laddering technique is used in this study. 

A laddering technique is a method of interview which asks 

the examinee simple questions that then increase in difficulty 

like his/her values as if stepping up a ladder. 

 To reveal the consumers’ crucial values (deep 

psyches) and key attributes of rice purchasing, a laddering 

technique is used. A laddering technique (Figure 3) is a 

method where the interviewer asks examinees simple 

questions to detailed questions which include his/her 

values as if stepping up a ladder.  

Based on the result from depth interview, questionnaires for the general public 

were prepared. The questionnaire was carried out from May to August in 2007 in Japan 

(Kitakyushu and Saitama), Korea (Seoul), and Vietnam (Hanoi). The samples were 600, 

300 and 100, and the valid responses were 133, 130, and 96 respectively. Questions were 

shown in Table 1.  

Values may be affected not only by attributes but by demographic factors. 

Figure 3. Laddering Technique
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Therefore, in order to reveal key factors which affect on values of consumers, CHAID 

(Chi-squared Automatic 

Interaction Detector) was 

applied. CHAID analysis is a 

method to divide samples 

sequentially using category 

data.

This method demonstrates 

well the significant variables: 

samples are divided by the 

variables that give the largest 

differences (the largest χ
2

).

For example, CHAID analysis 

is often used in the field of 

marketing to break-up 

consumers into segments by 

demographic factors as 

variables. 

3. Results 

1) Crucial values of 

consumers and key rice 

attributes based on the questionnaire survey to consumers in Japan, Korea and Vietnam, 

comparative analysis was implemented. Six questions were prepared for the values, and 11 

questions were prepared for attributes to achieve the values. The examinee was allowed to 

choose up to two values and up to 3 attributes (Table 1, 2 and 3).  

 For values, “eating delicious food” and “eating safe food” are most frequently 

chosen in Japan and Korea, and “being healthy” was chosen in Vietnam. Korean consumers 

chose “purchasing environmentally friendly products” more frequently comparing to 

Japanese and Vietnamese consumers. Because the analysis of previous section showed that 

Vietnam’s rice consumption is in early stage, a higher score for “being a good ‘saving 

person’ as a consumer” and lower score for “eating safe food” were assumed.  

The assumption was supported from the result, however, that no remarkable 

differences were observed in the comparison with Japan and Korea.  

 Next, respondents were asked to choose rice attributes to satisfy their own values 

which the respondents chose in the previous question. Japanese consumers frequently 

chose production area, price, store, variety, and name of producer. Korean frequently chose 

production area, design of package, organic or not, direct from farms, and reduced 

chemicals or not. Vietnamese frequently chose the date of polishing, aroma, and stickiness. 

Questions 

(Variables)

Items (category data) 

Critical 

value on 

rice 

purchase  

(up to two) 

1. being beautiful 

2. being a good “saving person” as a consumer 

3. being healthy  

4. eating delicious food  

5. eating safe food  

6. purchasing environmental friendly products

Rice 

attributes to 

achieve 

values 

chosen in 

above 

question  

(up to 

three)
1

1. Production area

2. Price 

3. Store 

4. Variety 

5. Name of producer 

6. Cultivation method 

7. Organic/non-Organic  

8. Direct purchase from producer 

9. Chemical use 

10.Date of polishing 

11. Freshness 

12. Aroma 

13. Stickiness 

14. Color

Note: 

1)Items 1-11 were prepared for Japan and Korea. Items 1-5 and 7-14 

for Vietnam 

2)Item “store” was assumed as a attribute because a store often sell 

only the products which satisfy its merchandizing strategy.  

Table 1. Category Data 
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Table 2. The Crucial Values on Purchasing Rice (multiple answers) 

  Japan Taiwan Korea  Vietnam 

being beautiful 1.5% 1.7% 0.0% 3.1%

being a good “saving person” as a consumer 16.5% 6.9% 17.5% 20.8%

being healthy 25.6% 73.3% 39.7% 47.9%

eating delicious food 66.9% 35.3% 46.8% 76.0%

eating safe food 76.7% 74.1% 62.7% 46.9%

purchasing environmental friendly products 4.5% 8.6% 23.0% 5.2%

Data Source: Questionnaire in 2007  

Note: multiple answers were allowed up to two 

2) Comparative Analysis of Values and Attributes among Japan, Korea and Vietnam 

 In the previous section, values and attribute was analyzed, however, relationships

between values and attribute are not yet cleared. Figures 4-6 shows the result of CHAID 

analysis by using values in Table 1 as criterion variables and other data as explanatory 

variables. An examinee was allowed to choose two values and three attributes, which 

makes it difficult to take all the choices of every examinee into consideration 

simultaneously. Because an individual’s purchasing behavior often changes and is not 

consistent, tow samples were generated when an examinee chose two values, as if the two 

values were chosen by two different examinees. Therefore, the numbers of samples, n, in 

the Figures are larger than actual numbers of examinees. Also percentages of respondents 

differ from Tables 5 and 6 for the same reason. 

Hereafter, the numbers and figures referred to are based on Figures 2-4. Analyses 

were carried out for each county because the cluster analysis in the previous section 

showed that rice consumption level varies from country to country.  

Table 3. Key Attributes to Satisfy Own Values (multiple answer allowed up to three)  

  Japan Taiwan Korea Vietnam  

Production area 47.4% 42.2% 61.4% 36.1% 

Price 32.9% 20.7% 29.2% 13.1% 

retailer 26.1% 12.1% 12.9% 16.8% 

Design of package 0.8% 3.4% 4.7% 0.5% 

variety 49.0% 32.8% 21.9% 34.6% 

Name of the Producer 20.1% 6.5% 10.3% 6.3% 

Production method 4.4% 15.1% 10.7% - 

Organically grown or not 12.0% 42.2% 33.9% 6.3% 

Direct purchase from a farmer 19.3% 28.4% 24.5% 7.3% 

Reduced-chemical production 24.9% 28.1% 48.5% 38.2% 

The date of milling 38.6% 34.5% 27.0% 46.1% 

Aroma - - - 42.4% 

Stickiness - - - 40.3% 

Color - - - 13.6% 

Data Source: Questionnaire in 2007  

Note:  

1) multiple answers were allowed up to three 

2) Aroma, Stickiness and Color were asked only in Vietnam, and Production method was not asked in Vietnam.  

3)  Values and attributes by nation ���



(1) Japan 

  The most significant attribute behind a consumers’ value on rice purchase was 

“price” for Japanese consumers. However, the percentage of “being a good ‘saving person’ 

as a consumer” was relatively small (24.4%) within the price conscious group (32.4% in 

Korea and 76.0% in Vietnam). “Eating safe food” was the most frequently answered value 

among non-price conscious consumers. The non price conscious group was further divided 

by “variety,” and “eating delicious food (56.9%)” were the in the group. Then the group 

was further divided by “reduced-chemical.”  On the other hand, “eating safe food 

(62.0%)” was most frequently answered value in non variety conscious group. 

Figure 4. Values and Key Factors (Japan) 

Note: 

1) CHAID was implemented by using SPSS AnswerTree 2.0.1J. 

2) Minimum size of a case was: parent node=50, child node=10. Pearson’s �
2

 was used as an indicator at 5% of 

significant level. 

3)the numbers in the boxes are the share with in the group.  

4) Multiple answers were calculated as multiple respondents. If a correspondent chose two values, two respondents 

were counted for simplification of the analysis.  

5) The above also apply for Figures 3 and 4. 

(2) Korea 

 Branching pattern of Korean consumers is similar to Japanese. “Price” was the 

most significant factor, and “variety” was the second factor for the rest of consumers.  

 A similar trend was found within the groups. However, in Korea, “production 

area” was significant after “variety.” For the area-conscious group, a relatively larger 

number of consumers chose “eating delicious food (25.8%)” and “eating safe food 

(39.4%).” For non-area-conscious group, “eating safe food (56.9%)” and “purchasing 

environmental friendly products (20.97%).” “Organic” and “reduced chemical” were 

answered by large number of Korean consumers as a whole, however, those factors did not 

appear as significant factors. ���



(3) Vietnam 

 “Price” was again the most significant factor in Vietnam. Compared with Japan 

and Korea, more consumers in the price-conscious group chose “being a good ‘saving 

person’ as a consumer” (76%). However, this group (price-conscious) accounted only for 

13% (n=25).  “Aroma” was the second significant factor for the non-price-conscious 

group. Those conscious of “aroma” frequently chose “eating delicious food (76%),” and the 

percentage was even higher (85.3%) for those who did not care about chemical use in the 

following branching. On the other hand, the non-aroma conscious group frequently chose 

Figure 5 Values and Key Factors (Korea)

Figure 6. Values and Key Factors (Vietnam)
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“eating safe food (43.2%).” The variety-conscious group often chose “being healthy 

(45.5%),” and non-variety-conscious group often chose “eating safe food (54.4%).” 

 (4) Comparative Analysis 

 “Price” was the most significant factor in all the country. In Vietnam, the most 

price conscious group chose “being a good ‘saving person’ as a consumer” and almost no 

other value was chosen. However, in Japan and Korea, other values were also chosen as 

well as “being a good ‘saving person’ as a consumer.” Price conscious means buying less 

expensive rice in the earlier stage of rice consumption, but on the contrary, in the matured 

stage of rice consumption, consumers are price conscious because consumers assume that 

they could buy “delicious” or “safe” rice by paying a higher price. 

 In this analysis, “aroma” was very significant in Vietnam, and “organic” and 

“reduced chemical” were not significant in Korea even though those factors affected the 

values of “eating safe food” and “purchasing environmental friendly products.” 

4. Conclusion 

 The objective of this study was to reveal the consumers’ values and attributes of 

rice that affect on consumer’s value on purchasing rice. To do so, comparative analysis of 

consumer values and attributes was implemented by using CHAID analysis. Data was 

collected by a questionnaire survey for consumers in Japan, Korea and Vietnam. 

 As a result, crucial values of the consumer for purchasing rice were found to be 

similar in Japan, Korea and Vietnam. However, key attributes of the rice to satisfy 

consumer’s values differ by nation. Japanese consumers tend to care about production area, 

price, store, variety, and name of producer. Korean consumers care about production area, 

design of package, organic, and reduced chemicals. Chosen attributes may remind 

consumers of satisfying his/her values.  

Price was the most significant factors in all countries, however, difference was 

found within the group of price-conscious. In Vietnam, price-conscious consumers 

frequently chose “being a good ‘saving person’ as a consumer” and did not choose other 

answers. On the other hand, in Japan and Korea, price-conscious consumers chose 

diversified answers. Price-conscious usually means “willing to by less expensive.”  

However, in this questionnaire, higher price might have given consumers a positive image 

of “delicious” or “safe.”  

 This study tried to clarify the relationship between rice consumption level and 

consumer values. Of course, the values of consumers are also affected by other factors such 

as history, culture, diet, social situation, and etc. In this regard, the result of this study 

explains only a part of rice consumption. The world has been rapidly globalized, and 

consumer access to information has been dramatically improved. Consumer values will be 

transferred even faster in the future. Therefore, studying consumer’s value will be more 

important to policy makers and farmers.  ���
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Abstract

Hybrid rice has been introduced to Vietnam for more than 10 years with 

remarkable increase of area, from 11000 ha in 1992 up to about 600000 ha in 2006. 

Hybrid rice has contributed significantly to food security for many households, 

especially in Northern mountainous and Central provinces of Vietnam. However, at 

present hybrid rice research and development in Vietnam remain much constraint need 

to be solved by comprehensive measures with strong participation and linkage by 

stakeholders. There have been 4 driving forces defined influencing to development of 

hybrid rice in Vietnam include the support from Government, hybrid rice research 

capacity of local Institutes, hybrid rice seed production capacity of local seed companies 

and hybrid rice seed quality control. This paper has developed scenarios and analyzed 

these driving forces in order to propose strategic solutions for sustainable development 

of hybrid rice in Vietnam. 

Key Words: Driving force, measure, hybrid rice, development, stakeholder 

1. Introduction

Vietnam is a populated country in the world, population density nearly double 

compared with China. Recently, the rice area is being reduced sharply (about 100 

thousands ha per year) due to changed for other purposes as urbanization, building 

industrial zones etc. Besides, yearly Vietnam has to face to natural disasters as 

hurricanes, drought, flood etc. Therefore, food security paid much attention by the 

Government of Vietnam. Hybrid rice (HR) has been one of technologies considered by 

the Government to help Vietnam gets food security at present and near future.  

Hybrid rice has been introduced to Vietnam for more than 10 years, from 11.000 

ha in 1992 up to about 600.000ha in 2006. The yield of HR is normally higher than 

inbred rice from 1-1,5ha, contributed significantly to food security for many households, 

especially in highland provinces. However, at present HR research and development in 

Vietnam remain constraints needed to be solved, such as stagnant HR area now, limited 

capacity of HR research, seed production, lack of human source for HR research etc. 

For solving those problems, it needs to close linkage and participation of stakeholders. 

Study on perceptions, interests of key stakeholders concerning to development 

of HR in Vietnam pay a very important role aiming at solving mentioned problems. 

Finally, it is much more important so that define strategic solutions for the sustainable 

development of HR in Vietnam through scenario building and development.

2. Materials and Methods. 

2.1. Data and information collection  

Information data collected from: 

 - Domestic and international workshops, newspapers and internet. ���



- Key informant interviews: Senior scientists, policy makers, extensionists and 

leaders of co-operatives, farmers Association, women Association, seed companies 

related to HR research and development.  

- Participatory rural Appraisals (PRA) at 11 co-operatives of 07 provinces 

include 4 ecological areas (red river delta, Northern mountainous midland, North and 

South central part) with 159 participants. 

2.2. Analytic tools

2.2.1. Rich picture  

Rich picture was developed by Peter Checkland et al. at Lancaster University 

(UK) used as a tool to exploit a complex context when analyzing the soft system 

(Hawkins, 2004)

2.2.2. Scenario building 

In order to build proper solutions for a problem, it requires researchers define 

driving forces among a numbers of factors influence to and analyzed by various 

scenarios.  

3. Result and discussion. 

3.1. Analysis of problems on the HR development in rice Vietnam through the 

rich picture. 

The key stakeholders pay very important roles in solving problems of study 

without their participation we could not get authentic results. This study, there are 10 

key stakeholders defined as Ministry of Agriculture and Rural Development (MARD), 

Department of Crop Production (DRP), Provincial Department of Agriculture and Rural 

Development (PDARD), Extension Agencies (EA), Department of Science and 

Technology (DST), HR Research Institute (HRRI), HR seed companies (HRSC), 

Agricultural Co-operatives (AC) and Farmers. Their perceptions showed in figure 1. 

Figure 1: Rich picture of  stakeholders and their perception related to HR 

research and development in Vietnam 
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In figure 1, it showed that each stakeholders have their specific perceptions At 

present, the linkages between  some stakeholder is weak such as between seed 

companies, HR research institutes and extension agencies even between HR research 

institutes. In order to strengthen sustainable development of HR in Vietnam, linkages 

and participations between stakeholders should be strengthened. Furthermore, at present, 

agricultural co-ops, women’s and farmers’ associations  access difficultly credits from 

the Bank due to these organizations do not  have assets to mortgage. Those problems 

have affected indirectly to HR research and development in Vietnam. Therefore, those 

problems should be solved by strengthening stronger linkages between stakeholders as 

showed in figure 2 

Figure 2: Linkages between stakeholders in HR research and development in 

Vietnam

3.2. Defining some strategic solutions for sustainable HR development in 

Vietnam through scenarios building 

From the mentioned rich picture, it could be realized that, there are 4 driving 

forces influenced strongly to the sustainable development of HR in Vietnam. In order to 

express clearly the importance of these driving forces, a model of “kite” visualized in 

figure 3.

The kite symbolizes to the HR development in Vietnam at present, if one of four 

above wings weak, the kite of HR development in Vietnam can not fly up. Therefore, it 

requires these driving forces should be strengthened. Analyzing each driving force 

could help defining effective solutions for sustainable development of HR in Vietnam. 
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Figure 3: Driving forces of the sustainable development of HR in Vietnam 

3.2.1. Governmental Investment for HR research  and development  in 

Vietnam 

a. Achievement 

 Since 1993 - 2005, the Government invested 82.4 billion VND for HR research 

and agricultural extension (Department of Agriculture 2006), of which 51 billions VND 

for agricultural extension of HR (F1 seed production, seed subsidy, making 

demonstration model etc) seed program: 13.4 billion VND (for upgrading fields of 

parents seed production, test equipments...) and 11 billion VND for upgrading  Vu Ban 

seed center in Nam Dinh. Several provinces have been invested for HR development by 

the provincial budget as Thang Hoa, Nam Dinh, Ha Tay, Hai Phong, Ninh Binh etc. 

Thanks to those investment,  HR area in Vietnam has increased quickly and capacity of 

HR research institutes, extension systems strengthened considerably. 

Although being invested rather heavily, the HR production in Vietnam has been 

mainly depended on imported seeds from foreign countries (Ha Yen 2005). 

Governmental subsidy for HR production somewhere used not efficiently leading to 

farmers do not get real subsidy due to be misappropriated by some bad men (D.B. 

Tuong, 2006). 

At first years, governmental investment for HR research and development has been 

unbalanced leading to unbalanced development. That time, MARD invested mainly for 

HR extension activities but for research institutes very limited. Before 2001, yearly the 

HR research system got only about $10 thousands, a very limited fund for research 

activities (N.T.Hoan, 2005). Recently MARD has paid much attention to HR research 

by investing more for this sector but many problems have emerged (see below). 

3.2.2. Capacity of HR research institutes 

a. Achievement 

At present, the HR research in Vietnam is carried out mainly by 2 key institutes 

including Rice Research and Development Center (belong to Food Crop Research 

Institute) and Hanoi University of Agriculture and some Institutes take part in such as 

Agricultural Genetics Institute, Cuulong Rice Research Institute,  Soil and Fertilizer 

Research Institute and Plant Protection Institute. These Institutes have been invested by 

the MARD for infrastructure such as laboratory, green house, irrigation works, isolation 

area…through several programs, projects and expenses up to 10 billion VND. 
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Furthermore, Institutes and national agricultural extension Centers received also the 

sponsor of FAO, ADB/IRRI for strengthening capacity of HR research and extension 

about half of million USD (N. T. Hoan, 2005). Thanks to those investment capacity of 

HR research institutes have been improved considerably and get first results. Relying on 

imported parents resource, Vietnamese scientists have selected and created some new 

parental lines with high genetic stability and good characteristics for commercial 

production, such as: 103S, T1S -96, T4S, T23S, T70S, T100, AMS 27S, AMS30S, 

AMS31A  etc … (N T Hoan 2005). Some good varieties have been attested and released 

from these lines as: VL20, VL24, TH3-3, TH3-4, HYT83, HYT92, HYT100. Among 

them VL20 and TH 3-4 have been bought as copyrighted products by two seed 

companies. Those hybrids with good quality and high yield, therefore, they are being 

planted widely in many provinces as Thai Binh, Nam Dinh, Hai Phong, Ha Nam, Thanh 

Hoa, Lao Cai…with area of 32 thousands ha/year (N. T. Hoan, 2005). To acknowledge 

achievement of Vietnamese scientists contributed to HR research and development in 

Vietnam, in 2005 the Government of Vietnam rewarded the State Prize for them  

b. Challenges

 - Inadequate manpower and  limited capacity (Vietnam: about 50 HR scientists 

but China: 500) 

 - Weak linkage between HR research Institutes 

 - Lack of good genetic resource for breeding TGMS, CMS lines 

- Lack of HR research information

- Socio - economic study of HR not paid much attention by MARD 

3.2.3. Capacity of F1 seed companies 

Although F1seed production has been supported strongly by MARD, provinces 

but annual F1 seed area of Vietnam just  supply enough for about 20% of demand of 

HR seed. Consequently, the price of HR seeds in Vietnam quite depended on Chinese 

seed companies (Tran Cao 2004). 

Before, HR seed has been produced mainly by co-operatives with support from 

extension system (i.e. parental seeds, chemicals, pesticides, technical training), recently 

some seed companies have taken part in this activity but their capacity is very limited. 

     At present, qualified technician for HR seed production is insufficient but not 

rationally employed.

The equipments for HR seed production as drier, cold store... for F1 seed 

production are insufficient or not synchronous. 

At present, the favorable region for HR seed production in unidentified resulting 

to the yield of HR seed is varied strongly between provinces  

3.2.4  HR seed control 

Different from inbred seeds, HR seeds are difficult to exam the seed quality, 

especially in term of variety exactness. For example, it is very difficult to distinguish 

HR seeds by eyes between two varieties Boyou 903 and Boyou 253 because these 

varieties come from a same CMS lines,  BoA. They are just distinguished after 

cultivating on the field. Taking advantage of this character, some seed companies made 

wrong labels to cheat the farmers in order to make profit illegally. In past years, this 

phenomenon was rather popular [N. C. Thuat and N. K.Quynh, 2001] but in recent 

years, sometimes happens. The test-post result (almost imported HR seeds) of National 

Center for Variety Evaluation and Seed Certification (NCVESC) from 2000-2004 ���



showed that both three and two lines HR varieties, the rate of variety exactness varied 

from 71.4% (2000) and  95.9% (2004) of samples (NCVESC, 2005). 

Another problem is rate of HR seed purity. Different to inbred seed production, 

the process of HR seed production needs purification and  isolated condition very 

strictly. if seed companies let these conditions drift, F1 seed purity could be threatened. 

It is more difficult for imported HR seed because NCVESC can not exam those 

conditions in foreign countries, but HR seeds must be done post tests in Vietnam. The 

test-post result (almost imported HR seeds) of National Center for Variety Evaluation 

and Seed Certification from 2000-2004 showed that, the rates of HR seed purity varied 

about 90%.

At present, control of imported and local HR seed is mainly undertaken by 

NCVESC. Due to the imported amount of F1 HR seed is very huge (13-14 thousand 

ton/year) and in addition, yearly about 2000 ha of domestic HR seed, NCVESC cannot 

go to take samples of goods lots and HR seed importers have do that work themselves 

then present to NCVESC for tests.  

Due to mentioned problems, some places farmers complained about HR seed 

quality (Phan Sang, 2005)

Therefore, HR seed quality should be paid much attention by the Department of 

Crop Production of MARD  and  provinces. 

3.3 Analyzing scenarios on HR development in Vietnam 

3.3.1 The growth scenario

Driving Forces Assumption 

Governmental 

investment

increased 

- Extension activities increased, the farmers get benefits from such as   

   subsidy seed price for remote regions, training… farmers will cultivate  

   more HR with higher yields. 

- The government commits and supports stronger for research and  

   development of HR in Vietnam,  

capacity of  

HR research  

institutes

strengthened

- Many scientists are trained on HR technology, especially in countries as   

   China, India, IRRI  etc. 

- HR Bio-technology is enhanced to help create many good parents lines.  

- Forming a strong HR research program for whole countries.  

- Many good HR parental lines is selected and created for HR seed  

   production. 

- Linkages between HR research institutes strengthened strongly. 

Capacity of  

HR seed 

companies 

strengthened

- Technicians, experts of HR seed production are trained to improve  

   yield and quality of F1 seed. 

- Financial capacity is strengthened  

- HR seed companies are capable to multiply and purify parents lines. 

- A lot of seed companies including foreign ones take part in producing HR  

   seed in Vietnam due to get high profits. 

- Risk fund sponsored by the Government. 

- The favorable region for producing HR seeds is defined, leading to high and 

stable HR seed yields. 

- The price of domestic HR seeds can compete with that of  foreign imported 

ones. 

HR seed 

 quality  

control  

in hand

- Capacity of seed control agencies strengthened both facilities and capacity  of 

workers and scientists. 

- More control agencies are  capable to take part in control of  the HR seed. 

- All imported and local HR seed lots are tested of the quality by qualified 

control agencies before selling to farmers. ���



3.3.2 The non-growth scenario 

A scenario is assumed and opposite to the mentioned scenario leading to the 

weak capacity of 4 driving forces, consequently a failure will be predicted

4. Conclusion and recommendation 

 4.1. Conclusions 

- Although the Government of Vietnam has invested rather heavily for HR 

research and development, there are a lot of constraints need to be solved 

by stronger participation of stakeholders, especially Ministry of agriculture 

and rural development, Extension system, Department of crop production, 

Institutes, Seed companies and Provincial Departments of agriculture and 

rural development. 

- There are 4 driving forces affecting on sustainable development of HR in 

Vietnam including, the Governmental investment, capacity of HR research 

institutes, seed companies and seed control. 

4.2. Recommendations 

 a. HR research 

- Manpower for HR research should be strengthened through training 

courses, especially in China, India, IRRI and Japan, 

- Linkage between HR research Institutes should be strengthened so that 

they can become a strong HR research system, 

- HR Bio-technology should be enhanced to help creating good HR parents, 

- The favorable region for HR seed production should be researched in order 

to help improving the yield and quality of domestic HR seeds,   

- International Cooperation, especially with China, India, IRRI... should be 

consolidated and strengthened.  

b. HR seed production 

- Qualified technicians for HR seed production should be strengthened 

though training so that they can help improving yield and quality of F1 

seed, 

- The favorable region for HR seed production should be defined, 

- The foreign seed companies should be facilitated to join to produce HR 

seeds in Vietnam, 

-  Marketing as well as trade-mark building for domestic seeds should be 

strengthened. 

c. HR seed quality control

- The staff of HR seed control should be trained and strengthened, especially 

at provincial levels, 

- Equipments for HR seed quality control should be invested and 

strengthened, 

- The LC agreement should be applied to busyness of imported HR seeds,  

- The HR seed quality before delivering to farmers should be controlled very 

strictly. 

d. Extension 

- Domestic HR varieties should be supported and prioritized in extension 

activities 

- Training intensive farming of HR should be strengthened more for farmers ���



- Subsidy for HR production should be improved so that limit this negative 

impacts from this activity
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Abstract  

     In Vietnam, more households are engaged in hybrid rice cultivation in the northern 

region, followed by the central region.  One of the main issues arising from rice 

production in Vietnam is that small farmers cannot rise above the poverty line by 

growing rice alone. Farm size is a limiting factor for the small farmers of Vietnam despite 

an increase in rice yield in the past years. Their farms are simply too small to derive an 

adequate income from rice alone. Therefore, one solution at the farm level is crop 

diversification.  Farmers dependent on small farms may derive higher returns from crops 

other than rice or by taking employment in other enterprises. Previous studies have 

shown that some varieties of hybrid rice have a shorter cropping season than that of 

inbred rice; this can extend winter-crop seasons from 2.5 to 4 months. Subsequently, 

small farmers are able to search for other employment and income in the winter months.  

This empirical study is being done in order to assess total cost- returns for different crop 

patterns in which hybrid rice is a key crop in the selected communities in the north of 

Vietnam. The study also identifies opportunities for rice producers by pointing out how 

they can buy hybrid seed at a lower price. It also emphasizes the benefits for rice 

consumers by illustrating the availability of high- quality rice.  

Key Words: Economic Contribution, Hybrid Rice, Crop Patterns, Farm Household 

Introduction 

     According to FAO (2004) rice is a staple food of Vietnam and around two thirds of all 

households grow rice. For the poorest fifth of the population, rice makes up around 35% 

of total household spending. The economic importance of rice is reflected in its 20% 

weighting in the consumer price index. Although rice production is spread throughout 

Vietnam, yields and growing periods vary substantially. The average yield for a paddy in 

Vietnam is currently 4.3 tons ha
-1

. But while some areas such as the Mekong Delta are 

able to produce up to 10 to 12 tons ha
-1

 per crop, other areas are able to produce only 2.4 

tons ha
-1

. Vietnam’s rice production is based on large numbers of very small family farms. 

More households are engaged in hybrid rice cultivation in the northern region, followed 

by the central region (Mahabud, et al 2003). 

     One of the main issues arising from rice production in Vietnam is that small farmers 

cannot rise about the poverty line by growing rice alone. The limiting factor for the small 

farmers of Vietnam is farm size, despite an increase in rice yield in the past years.  Farms 

are simply too small to derive adequate income from rice alone. Therefore one of the 

solutions at the farm level is crop diversification.  Farmers dependent on small farms may ���



derive higher returns from crops other than rice or by taking employment in other 

enterprises. Many previous studies have shown that the hybrid rice season is shorter than 

that of inbred rice; this can extend winter-crop season from 2.5 to 4 months. 

Subsequently small farmers are able to search for other employment and income in the 

winter months. This empirical study is being done in order to assess total cost- returns for 

different crop patterns in which hybrid rice is a key crop in North Vietnam. 

Materials and Methods 

     The Semi-structure interview was done with key informants and structure 

questionnaires were done for 80 farm households in two communes. These farms were 

selected because  they grow hybrid rice. Information on farm households interviewed 

includes family character, size, gender, and education. Also included are; land resources 

of farm such as farm size, agricultural land, annual and permanent crops, water face 

areas; land use with crop systems and inputs of cost and return for crops in farm 

households in 2006. However, the study also uses related secondary data sources like 

scientific papers, magazines and technical reports.  

Results and Discussion 

Characteristics of study areas 

     The study selected two communes, one of them near Hanoi city where the local people 

have opportunity to participate in off-farm activities, while another is farther from Hanoi 

city and farming activities a main source of income for the local people. An explanation 

of the characteristics of these communes is below: 

     Bich Son is a plains commune, located in the west of Viet Yen District, Bac Giang 

Province. It has a total natural area of 670.17 ha with proper road systems linking to Bac 

Giang  and Bac Ninh town and it is, particularly far from Hanoi city, about 40 km to the 

north-east.   

     It is characterized by a topical climate with two main seasons; the summer season is 

hot, humid and rainy from May to October. Rain quantity in this season is about 80% of 

the total from the whole year, especially in July and August. The winter season is cold, 

dry and less rain from November to April of next year. Annually, average temperatures 

range from highs of 23
o

C and, 35
o

C to lows of 13
o

C. Rain quantity is from 1,500 to 1,600 

mm, the highest being 700 mm in August and the lowest 15 to 20 mm in January. Soil in 

the area is characterized by infertility with ancient alluvial in highland level. The 

commune has a concrete irrigation system to meet water requirements for crop cultivation. 

     The commune has 5,272 persons with 1,297 households, in which 53.2% are female. 

There are 2,336 laborers which make up 44.31% of the total population, and over 85% of 

them engage in agriculture (Table 1). An average farm size in the commune is 0.986 ha 

compared to 0.256 ha farm size of the Red River Delta.  

     Ninh Hiep is a commune in Gia Lam district, Hanoi province. Its climate and 

temperature are not different from that of Bich Son commune, but the local people there ���



mainly engage in rural industry, handicraft, and services. In 2006 Ninh Hiep had 3,085 

households, in which there only were 325 households who engaged in farming activities 

(about 10.5% of total households in the commune) (Table 1).  

     In a comparison of the two communes, Ninh Hiep has a higher population density 

butits residents have non-agricultural jobs with only 10% being agricultural laborers, 

while in Bich Son 83% of the population work in agriculture (Table 1). However, Ninh 

Hiep is a special commune which has long-standing traditional trading activities.  

Consequently cropping land per household and agricultural laborer in Ninh Hiep is higher 

than it in Bich Son. This paper does not focus on the issue of land exchange however. All 

farmers want to keep their rights to land use and in many cases farmers can rent in or out 

between farm households in communities. 

Table 1.  Demographic aspects of communes selected  

Indicators Unit 

Ninh Hiep (Hanoi) Bich Son (Bac Giang) 

Quantity Percent Quantity Percent 

1. Total population Person 14,329 100 5,272 100

 - Farming population Person 1,495 10.43 4,401 83.47

 - Off-farm population Person 12,834 89.57 871 16.53

2. Total household Household 3,085 100 1,297 100

- Farm household Household 325 10.53 1047 80.72

- Off-farm household Household 2,760 89.47 250 19.28

3. Labor force  Laborer 7,967 100 2,336 100

- Farm laborers Laborer 685 8.60 1,898 81.25

- Off-farm laborers Laborer 7,282 91.4 438 18.75

Source: survey, 2007 

Land use and crop patterns 

     In Ninh Hiep and Bich Dong the agricultural area is about 51% and 58% of the total 

natural areas, respectively. Farmers have mainly grown annual crops including grains and 

vegetables in 90% of total agricultural areas (Table 2). The two communes have a 

common characteristic of farms in the Red River Delta. They are small scale with diverse 

farming activities. In Ninh Hiep on average, a farm has 0.35 ha per agricultural laborer 

compared to 0.19 ha per agricultural laborer in Bich Son. Therefore farmers want to 

increase the household income with the use of two strategies, non-agricultural activities 

and crop diversification.  

     In 2004 Ninh Hiep had a total farming area of 331.52 (67.81% of total natural area) 

that decreased to 240 ha by 2006 (49.02% of total area). About 90 ha of farming areas 

have been transformed into non-agricultural areas, while rice still has grown to 90% of 

existing farming areas. Two rice crops per year is a common crop pattern in Ninh Hiep 

but this has decreased from 316 ha in 2004 to 211 ha in 2006 (Table 2).  

     In the Bich Son area, the two rice crops per year also decreased from 311 ha in 2003 

to 290 ha in 2006 (Table 2). The area of three crops per year increased to 26% in 2006 

from 21% in 2003. In Bich Son it is more difficult for farmers to increase their area of 

three crops because of the lowland areas which are higher than in Ninh Hiep. A solution 

for increasing the third crop is the implementation of an irrigation system that should be 

improved. ���



Table 2. Land use in communes selected 

Indicators 

Ninh Hiep Bich Son 

Quantity (ha) Percent Quantity (ha) Percent 

Total Natural areas 488.86 100 670.17 100

1. Agricultural Land 251.89 51.53 387.37 57.80

- Annual crop 239.66 95.14 353.65 91.30

-  Permanent crop 11.19 4.44 2.64 0.68

- Aqua-cultural area 1.04 0.41 31.08 8.02

2. Specialized land 237.03 48.49 249.51 37.23

- Housing area 89.01 37.55 75.42 30.23

- Others (roads, irrigation, etc) 148.02 62.45 174.09 69.77

3. Unused area 0.10 0.02 33.29 4.97

4. Annual crop per person 0.160 0.080 

5. Annual crop per laborer 0.350 0.186 

6. Annual crop per farm household 0.737 0.338 

Source: survey in 2007 

     High demand for changes of crop patterns from two crops to three or four crops has 

occurred in the Red River Delta in order to solve issues of limited farm land and surplus 

laborers. The introduction of a shorter cropping time like hybrid rice can significantly 

increase other crops in a farm per year.  

     In the two communes area of rice- rice is about 85% of total farming areas and the rest 

of rice- rice-others is only about 15% of total farming areas (Table 3). Some crops have 

been selected including soybean, maize, potatoes, sweet-potatoes as well as vegetables. 

Selection of the third or fourth crop depends on internal and external factors in the farm 

household. The two key factors, field level and time of crop season should be concerned.  

Table 3.  Cropping patterns applied in the communes 

Ninh Hiep  (%) Bich Son  (%) 

Rice – Rice 87.4 Rice – Rice 84.00 

Rice – Rice – Sweet Potatoes 2.44 Rice – Rice – Potatoes 1.80 

Rice – Rice – Soybean 1.15 Rice – Rice – Sweet Potatoes 1.25

Rice – Rice – Maize 4.00 Rice – Rice – Soybean 5.60 

Ground nut – Rice - Vegetables 2.15 Rice – Rice – Maize 3.15

Vegetables 1.66 Rice – Rice – Garlic (Onion)  1.20 

Others 1.20 Rice – Rice – Vegetables 3.00 

Source: survey, 2007 

Sow area and yield of main crops 

     Table 4 shows sow area and yield of main crops in surveyed communes. Rice area is 

the largest compared to other crops in the two communes. However, rice area is 

decreasing year by year. Statistical data shows that rice areas dropped about 18% in 3 

years (2004 – 2006) in Ninh Hiep, while in Bich Son rice areas dropped about 20% from 

2003 to 2006. 

      In general, the crop yield for main crops in the two communes is lower than in the 

communes of the Thai Binh and Nam Dinh provinces. While rice areas are dropping 

rapidly, rice yield is increasing at 5% per year (from 2003 to 2006). This is also an 

important reason to expand to three or four crops per year. ���



Table 4. Area and yield of main crops in communes selected 

Crop 

Ninh Hiep Bich Son 

Area  

(ha) 

Yield  

(ton ha
-1

) 

Area  

(ha) 

Yield  

(ton ha
-1

) 

Spring Rice 228.26 4.79 328.42 4.60 

Autumn Rice 232.81 4.42 334.12 4.10 

Maize 11.69 3.03 52.00 10.00 

Sweet potatoes 4.41 12.28 48.30 10.08 

Potatoes   78.02 8.10 

Ground nut 6.64 1.33 12.24 2.16 

Soybean 2.77 2.21 44.99 1.35 

Green Bean 0.72 2.03   

Vegetables 9.13 18.76   

 Source: survey, 2007 

Financial analysis of crop patterns in the communes 

     In terms of financial aspects, rice production generates a lower income compared to 

other crops. However, rice production plays an important role in food security for farm 

households in the Red River Delta. In order for these small farms to survive strategies of 

rice production and other crops for cash income is significant for the economic 

sustainability of farm households in the Red River Delta. Table 5 indicates some financial 

indicators of crop patterns in the two communes. Other crops have been added in a rice- 

rice pattern to generate higher returns per ha from 30% to 250% compared to rice-rice 

patterns in both communes. The highest return is in groundnut-rice-vegetables in Ninh 

Hiep and in rice-rice-vegetables in Bich Son. However a farmer can grow one or more 

vegetables in between the two rice seasons if they are shorter. 

Table 5. Gross returns, costs and net return from cropping patterns in the communes in 

2006 

 

   Cropping pattern 

Ninh Hiep (1000 đ per ha) Bich Son (1000 đ per ha) 

Gross 

returns 

Material 

costs 

Returns Gross 

returns 

Material 

costs 

Returns 

Rice – Rice 22555.6 11697.2 10858.4 20725.1 9280.5 11444.5

Rice – Rice – Sweet 

Potatoes 28111.1 14230.6 13880.5 24908.9 10795.6 14113.3

Rice – Rice – Maize 30583.3 15016.7 15566.6 30786.1 14264.6 16521.5

Rice – Rice – Soybean 32305.6 14919.4 17386.2 32555.8 14494.4 18061.4

Rice – Rice – Potatoes    27850.5 12719.3 15131.1

Groundnut– Rice – 

Vegetables 57694.4 18786.1 38908.3     

Rice – Rice – Garlic 32555.6 11697.2 20858.4 32487.2 12750 19737.2

Rice- Rice – Vegetables 38111.1 14230.6 23880.5 39968.6 13971.8 25.996.8

Source: survey 2007 

Opportunities for increasing farmer return through the decreasing price of hybrid-

rice seed 

    Because of our field trips to certain provinces like Nam Dinh, Thai Binh, Hung Yen, 

Hai Duong, Ha Noi, Bac Giang in the Red River we have learned that farming areas for 

hybrid rice have not increased in recent years. Hybrid rice areas have decreased in some ���



provinces or not increased in the others. In general, hybrid rice areas consist of  about 10-

15% of total rice area in the Red River Delta region. Many previous studies show that 

two reasons that affect hybrid rice cultivation are high seed cost and low-quality rice.  

     Two seed sources of hybrid rice are provided for farmers, including an imported seed 

from China and another which is produced by domestic seed producers. We do not have 

the cost data of imported hybrid rice seed. In the domestic hybrid rice market, the price of 

Chinese hybrid rice seed is higher than the cost of Vietnamese hybrid rice, anywhere 

from 1.3- 1.8 times for different hybrid rice varieties.  

     Table 6 shows the production performance of a seed company located in Hung Yen 

Province during the period from 2004 – 2006. The company provides different rice seeds 

including inbred, advanced and hybrid rice in the Red River Delta. We do not have a 

clear idea of the pricing strategy for hybrid rice seed of this company. But figure of Table 

6 indicates unreasonable production costs and prices among the different seeds in term of 

financial aspect. Although the total production costs of hybrid rice seed is higher than 

that of other seeds and the yield of hybrid seed is lower, the selling price of hybrid seed is 

about four times higher than other types of seed. This leads to an increase in revenue per 

ha of about two times that of other types. We propose that the company determines this 

price base on the price of Chinese hybrid rice which can be utilized to control the price of 

hybrid rice in the domestic market. If the government has appropriate policies and 

measures to promote hybrid rice seed production in the country and to control monopoly 

in hybrid rice seed market, hybrid rice seed price may decrease. However, Table 6 also 

indicates that it is beneficial for the rice producer because production costs and prices of 

different rice seed have gone down significantly over time.   

Table 6. Production costs and price of rice seed (a case study of a seed company in Hung 

Yen province)  

Indicator 

In 2004 In 2005 In 2006 

Inbred Advanced Hybrid Inbred Advanced Hybrid Inbred Advanced Hybrid

Total cost 

 (1000đ/ha) 11,552 11,345 13,016 11,479 11,330 12,968 11,434 11,288 12,941

 Material 

cost 3,610 3,842 3,553 2,639 3,819 3,526 3,253 3,242 3,791

 Labor cost 4,327 4,670 5,496 4,318 4,667 5,482 4,310 4,659 5,479

Managerial 

cost 3,270 3,396 3,678 3,607 3,391 3,667 3,580 3,378 3,670

Năng suất 

(kg/ha) 4720 4779 2890 5150 4986 3198 5952 5648 3512

Production 

Costs  seed  

(1000 

vnđ/kg) 2.4 2.4 8.5 2.2 2.3 8.1 1.9 2.0 7.7

Price of 

seed (1000 

vnđ/kg) 5.3 4.9 18 5.2 4.8 17 5 4.6 16

Source: Mai Van Duy, 2007  

���



Opportunities to produce hybrid rice with shorter cropping periods and higher 

quality 

     We can observe that scientists and rice seed providers have reacted positively to the 

rice demand of consumers and rice producers who used to complain about the lower 

quality of cooked rice and the longer cropping time of hybrid rice cultivation.  Recently 

many hybrid rice seeds have been introduced in Vietnam, particularly in the Red River 

Delta. So rice farmers have a variety of rice seed options to fit their individual farm 

conditions and farm strategies including soil and land level, diversification and market-

oriented approaches, etc. Table 7 shows technical and quality characteristics of some 

hybrid rice varieties that are being introduced and having a positive effect on Vietnamese 

people. Some hybrids like VQ14, Nghi Huong 2308 and HYT100 can meet requirements 

for the both the rice producer and the rice consumer. 

Table 7. Characteristics of hybrid rice varieties in terms of techniques and quality 

Hybrid variety 

Crop 

Timing 

(day) 

Brown 

rice 

(%) 

Milled 

rice (%)

Full 

rice 

(%) 

Long 

(D) 

Long per wide

D/R 

Quality of rice cooked

(tasty: 1-10 points) 

Nhị ưu 802 135 - 142  82.0 66.0 61.0 6.3 2.64 3 

Phú Ưu 130 – 135 81.0 71.0 60.0 6.0 2.30 3 

CNR36 135 – 140 82.8 66.3 65 6.0 2.70 3 

SYN 133 – 137 high high high 6.7 3.0 5 

Khải phong 1 133 – 137 83.7 67.2 61.3 6.6 2.9 3 

VQ 14 128 – 130 81.2 66 54 6.2 2.79 7 

Nghi Hương 

2308 
128 – 130 80.8 64.6 42 6.9 3.20 7 

HYT 100 

120 -125 

spr. 110- 

115 Aut. 

80.7 64.5 46.6 7.0 3.30 7 

HYT 92 133 – 137 82.4 63 35 6.5 3.10 7 

Bac ưu 802 130 – 135 82 64.8 68 6.7 3.10 5 

Nông Ưu 

(CV1) 
130 – 135 81.8 66.6 65.5 6.4 2.90 5 

Q ưu 1 128 – 130 82.2 66.4 62 6.7 3.10 5 

Source: MARD, 2007 

Concluding remarks 

     Hybrid rice has been introduced into Vietnam, and particularly the northern provinces. 

Many previous papers have presented the positive and negative aspects of hybrid rice in 

both production and market aspects. Constraints of production are high intensification, 

higher production cost, strict management, and the high price of hybrid rice seed. But the 

price of hybrid rice grain is lower due to the lower quality of cooked rice. 

     This study focuses on financial analysis on hybrid rice production. The study shows 

that although hybrid rice areas remain about 10 to 15% of total rice in the surveyed 

communes, it can change crop patterns  and increase crops per year in the farms. These ���



strategies could be appropriate for small farms in the Red River Delta where has a good 

irrigated farming. Moreover, these strategies could create farming jobs and improve farm 

income. 

     This study also finds the reasons behind the higher price of hybrid rice seed and 

illustrates opportunities for reducing the price of hybrid rice seed in order to make it 

financially feasible. One reason the cost is too high is the margin value between 

production cost and selling price or imported cost and retail price of hybrid rice seed. 

However, this may be a special case study of the seed company. Information should be 

checked within a large number of samples. 

     Quality of hybrid rice issue can be solved because rice producers have many options 

for different hybrid seeds in the domestic market, if Vietnamese government generates 

appropriate measures to production and market of hybrid rice sector.  
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The experiment was conducted in a glass-house in order to determine the 

heterosis for photosynthetic characters in F1 hybrids produced by crossing a thermo-

sensitive male sterile  (TGMS) line, 103
s

(female parent) and two drought-tolerant upland 

rice male-parent cultivars (Beodien  and IR 71525). Three levels of soil-water potential, 

well watered (WW), moderate water deficit (MD), and severe water deficit (SD) were 

imposed at tillering stages. Heterosis for photosynthesis in terms of a carbondioxide 

exchange rate (CER) in single leaf as well as other related characters such as stomatal 

conductance, transpiration rate, specific leaf area, chlorophyll content and water use 

efficiency were measured in rice plants under drought and recovering conditions using a 

portable type of CO
2
/H

2
O gas analyzer (LI-6400, LI-COR, USA). The results showed 

that while suffering drought, the heterosis value for CER over the best parent (Hb) in two 

F1 decreased from 1.02 to 0.68. However, after recovering from drought this value 

increased in both F1 hybrids from 0.79 to 1.13. Heterosis for WUE increased in F1 

103S/Beodien in both drought treatments (Hb from 0.73 to 3.07). This value increased in 

the 103S/IR 71525 (Hb = 0.66-0.55) in moderate drought conditions (Hb from 0.77 to 

1.14), whereas it decreased (Hb from 1.14 to 0.23) under severe drought conditions. An 

insignificant heterosis for SPAD (an indicator of leaf chlorophyll content) was observed 

in F1 hybrid rice under all conditions. The interesting CER characteristic in F1 hybrid 

rice under drought conditions may be due to both greater stomatal conductance and 

water-use efficiency.   

Thus, the results indicate that it is possible to produce an F1 hybrid with high 

yield potential and drought tolerance by crossing a TGMS line with upland male-parent 

cultivars. 

Key Words:  Photosynthesis, heterosis, F1 hybrid rice, drought tolerance, water use 

efficiency. 
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Pyramiding of the Host Plant Resistance Genes Responsible for 

Different Categories of the Antibiosis to the Brown Planthopper in 

Rice, Oryza sativa L. 
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Key Words: Brown planthopper, Insect Resistance, Marker Assisted Selection (MAS). 

Abstracts:

It is thought that the pyramiding of the genes responsible for different categories 

of the antibiosis is useful for avoiding earlier breakdown of the host plant resistance to 

insect pests in many crops. Pyramiding lines, therefore, possess durable resistance to 

insect pests and take an important role in the prevention of the serious damage caused 

by insect pests. Marker assisted selection (MAS), has been widely used in the breeding 

of many crops including rice. This method can help to reduce time consumption and 

laborious works in rice breeding of plants resistant to insects and diseases. In this paper, 

we describe the trials for developing host plant resistance with durable resistance to the 

brown planthopper (BPH) in rice using pyramiding lines selected with MAS. 

A few nearly isogenic lines (NILs), that is, (1) which is carrying bph20(t), 

chromosome 6, (2) which is carrying Bph21(t), chromosome 12, and (3) which is 

carrying both bph20(t) and Bph21(t) incorporate with ovicidal gene, Ovc, chromosome 

6, will be used for evaluation of resistance to the BPH with different resistance 

parameters. These NILs will be developed by marker-assisted selection (MAS), using 

SSR markers located on the flanking region of the BPH resistance genes, of the 

segregation populations of PHB
5
F
2

derived from the backcross populations of PHB5F1 

carrying bph20(t) (S00310, RM589, RM204), Bph21(t)(RM309, S20103, MSSR4) and

bph20(t) and Bph21(t)( S00310, RM589, RM204, RM309, S20103, MSSR4) as a

combined line on the uniform genetic background of Taichung65 (T65). Specific 

markers Ovc_Zinc_6F/Ovc_Cpn2_6R will be used for screening NILs with or without 

the Ovc gene.

Of 71 lines from segregation PHB5F2 of bph20(t), 169 lines of Bph21(t), and

270 lines of both bph20(t) and Bph21(t), we seletected 18 bph20(t) NILs, 25 Bph21(t) 

NILs, and 25 bph20(t) and Bph21(t) NILs, respectively. Among 18 NILs carrying 

bph20(t) we detected 5 lines with the Ovc gene, 21 lines carrying Ovc from Bph21(t) 

NILs, and 16 lines carrying Ovc gene. These pyramiding lines will be available and 

useful for studying and developing of the BPH resistant lines for future aspects. ���


