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ABSTRACT

In 2009 cassava production in Vietnam was about 9.45 million tonnes, up from only 1.99 million tonnes in 2000. This was the result of both area expansion, from 237.600 ha to 560.400 ha, and marked increases in yield, from 8.36 t/ha in 2000 to 16.90 t/ha in 2009. Vietnam has made the fastest progress in application of new technologies in breeding and new varieties propagation in Asia. Such progress has been considered as a result of many factors, of which the success in breeding and application of new technologies were the main contributing factors. Cassava yields and production in several provinces have more than doubled due to the planting of new high-yielding cassava varieties in about 500.000 ha, mainly KM94, KM140, KM98-5, KM98-1, SM937-26. KM98-7 varieties. and the adoption of more sustainable production practices. Cassava chips and starch is now being produced competitively, and cassava markets are promising. The combination of wide spread production of fresh cassava roots and the processing of cassava into chips starch and ethanol has created many jobs, has increased exports, attracted foreign investment, and contributed to industrialization and modernization of several rural areas. The largest array of field trials to evaluate cassava varieties for improved ethanol production from the CIAT core collection that is held in Vietnam and from the breeding programmes of VNCP research partners. A total of 24.073 cassava sexual seeds from CIAT and 37,210 seeds from 9- 15 cross combinations made in Vietnam 38 breeding lines (mainly from Thailand), and 31 local farmer's varieties. have been planted. Of these, 98 of the best lines are now in the final stages of the selection process. and three of the most promising, KM140, KM98-5 and KM98-7 has recently been released in the period 2007 - 2009. The new advanced cassava varieties KM297, KM228, KM318, KM325, KM397, KM21-12, SC5, HB60  are being undertaken in the  Regional Yield Trials (RYT) of Tay Ninh, Ninh Thuan. and Yen Bai provinces.
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INTRODUCTION

Cassava in Vietnam was about 9.39 million tonnes in 2008. up from only 1.99 million tonnes in 2000. This was the result of both area expansion. from 237.600 ha to 556.000 ha. and marked increases in yield. from 8.36 t/ha in 2000 to 16.90 t/ha in 2008. Cassava now an important source of cash income to small farmers. The situation has changed because of the development of sustainable cultivation techniques and new high-yielding varieties with the availability of a large and growing market demand. Cassava has become a cash crop in many provinces of Vietnam and cassava markets are promising for export of cassava chips to China. Vietnam has developed an E10 policy requiring the production of 100 to 150 million liters per year. Petrovietnam plans to build three tapioca-based ethanol plants in the northern (Phu Tho). central (Quang Ngai) and southern Vietnam (Binh Phuoc). Each costing $80 million which will use cassava as feedstock. is expected to open in 18 months with total annual capacity of 300 million liters per year.. 
Vietnam has made the fastest progress in application of new technologies in breeding and new cultivar propagation in Asia. Such progress has been considered as a result of many factors. of which the success in breeding and application of new technologies were the main contributing factors. The combination of wide spread production of fresh cassava roots and the processing of cassava into chips starch and ethanol has created many jobs. has increased exports. attracted foreign investment. and contributed to industrialization and modernization of several rural areas  The Ministry of Agriculture and Rural Development (MARD) has planned to remain cassava area around 450.000 hectares from 2011 -2015 and efforts to increase fresh root yield from from 16.90 to 20.00 ton/ha in 2011 and 23.00 - 24.00 ton/ha in 2015 by using new technologies. especially in breeding (MARD 7256/TB-BNN-VP 25 12 2009). 
To meet the demands raising cassava cultivation. we have caried out the study on the development of cassava cultivar good yield and qualities for different ecological zones in whole country  in collaboration by Vietnam Academy of Agricultural Sciences (VAAS) and Nong Lam University (NLU) with International Center for Tropical Agriculture (CIAT) linking the poor to global markets of IFAD/ICRISAT Project “Harnessing water –use efficiencet bio-energy crops for enhancing livehood opportunities of smallhooder farmers in Asia. Africa and Latin America”. This paper cover in: 1) Current situation of cassava in Vietnam and its potential as a bio-fuel; 2) The selection of cassava matterials derived from CIAT. 3) Recent progress in cassava breeding and varietal adoption in Vietnam 
1. Current situation of cassava in Vietnam and its potential as a bio-fuel 
1.1 A new future of cassava for food. feed and bio-fuel

             Cassava (Manihot esculenta Crantz) ranks as the world’s fifth most important foot crop- after maize, rice, wheat and potato. Cassava originated in South America and expended wildly to Asia. Africa and being cultivated in 105 countries in a range from 39oN to 30oS. This crop is a staple food crop for many poor farm families around the world. It is also a source of commercial animal feed. starch for the food, candy, alcohol, noodle and pharmaceutical industries (Figure 1). 
[image: image1.jpg]



Figure 1. Cassava production in the different countries in the world 2008 

 Source : FAO 2008 adapted by Hoang Long 

            Global production of cassava is around 232.95 million tons in year 2008 (Table 1) and about 54% of cassava in the world was produced in Africa. 30% in Asia. and only 16% in Latin America and the Caribbean (LAC). 
Table 1 Area, yield and production of principle food crops in the World and Vietnam 2008
	Food crops
	In the World
	Vietnam

	
	Area

(millions

ha)
	Yield

(ton/

ha)
	Production

(millions tonnes)
	Area

(millions

ha)
	Yield

(ton/

ha)
	Production

(millions tonnes)

	Maize
	161.01
	5.10
	822.71
	1.12
	4.02
	4.53

	Rice
	158.95
	4.30
	685.01
	7.41
	5.22
	38.72

	Wheat
	223.56
	3.07
	689.94
	-
	-
	-

	Potato
	18.19
	17.26
	314.14
	-
	-
	-

	Cassava
	18.69
	12.46
	232.95
	0.56
	12.46
	9.39

	Barley
	56.77
	2..77
	157.64
	-
	-
	-

	Sweet Potato
	8.17
	13.47
	110.12
	0.16
	8.16
	1.32

	Sorghum
	44.91
	1.46
	65.53
	-
	-
	-

	Yam
	4.92
	10.49
	51.73
	-
	-
	-

	Millets
	37.40
	0.95
	35.65
	-
	-
	-

	Oats
	11..33
	2.27
	23.10
	-
	-
	-

	Rye
	6.77
	2.62
	13.26
	-
	-
	-


Source: FAOSTAT 2008 calculated by Hoang Long

Cassava production in Asia increased at a high rate of 3% annually during the late 70s and early 80s. slowed down during the 90s. and has been growing quite rapidly again at 3.3% per year during the past ten years (Reinhardt Howeler and Keith Fahrne. 2008). 

[image: image2.jpg]Vield (tha)

30

25

— Tesieat

Production

35

30

2

15

10

o,

—Tesles
SERE

=

=i
=y

= Bilipines

T w0 1w 1990 1995 2000 2003

Yield

J
el

30

25

2

15

10

e 16 1570

TF S0 1gss 1890 189 205 2003
Year



 Figure 2. Cassava production and yield trends in Vietnam and Asia’s principal cassava producing countries. 1961-2006. (Source: Reinhardt Howeler and Keith Fahrne. 2008)
           Impact simulations indicate that root and tubers will play economically important and increasingly diversified roles in developing country food systems over the next two decades (2020 vision by IFPRI and CIP: Gregory J.Scott. Mark W. Rosegrant. Claudia Ringler 2000). Cassava has one of the highest rates of CO2 fixation and sucrose synthesis for any C3 plant. This plant is dry land crop to have high water use efficiency being used as a suitable feedstock for ethanol production across Asia. Africa and Latin America . Bio-fuels are gaining importance ever since fossil fuel prices began skyrocketing due to geo-political issues and also the growing concerns all over about environmental pollution. Considering these issues. various developed and developing countries are formulating policies for mandatory blending of ethanol and bio-diesel (produced from renewable sources) with fossil fuels (petrol and diesel) resulting in a huge demand for raw materials for producing bio-fuel (UNEP 2009; Peter Baker 2009). In China. Brazil. Nigeria. Thailand. Indonesia. Colombia. Vietnam.  Philippines and Cambodia. cassava is seen as an important crop to use for the production of bio – fuels. 

           Cassava is among the four most important food crops in Vietnam (Table 2) and also is water- use efficient bio-energy crop. Cassava now an important source of cash income to small farmers. Cassava chips and starch is being produced competitively.

Table 2. Area, yield and production of principle food crops in Vietnam 1995- 2008
	Crop
	
	 1995
	2000
	2005
	2006
	2007
	2008

	Rice
	Area (’000 ha)
	6,766
	7,666
	7,326
	7,324
	7,305
	7,414

	
	Yield (t/ha)
	3.68
	4.24
	4.88
	4.89
	4.86
	5.22

	
	Production (’000 t)
	24,963
	32,529
	35,790
	35,826
	35,560
	38,720

	Maize
	Area (’000 ha)
	556
	730
	995
	1.031
	1.150
	1.125

	
	Yield (t/ha)
	2.11
	2.74
	3.51
	3.70
	3.75
	4.02

	
	Production (’000 t)
	1,177
	2,006
	3,500
	3,819
	4,310
	4,530

	Cassava
	Area (’000 ha)
	277
	237
	432
	475
	560
	556

	
	Yield (t/ha)
	7.97
	8.35
	15.35
	16.24
	15.89
	16.90

	
	Production (’000 t)
	2,211
	1,986
	6,716
	7,783
	8,193
	9,395

	Sweet potato
	Area (’000 ha)
	304
	254
	205
	181
	180
	162

	
	Yield (t/ha)
	5.53
	6.33
	7.56
	8.00
	8.05
	8.16

	
	Production (’000 t)
	1,685
	1,611
	1,550
	1,454
	1,450
	1,320


Source: FAOSTAT 2008 calculated by Hoang Long
              China import annually 500,000 tonnes of cassava starch, and 3.5 million tonnes of cassava dry chips. equivalent to about 12 million tonnes of fresh root, that is 1.5 times of Chinese annual production now (Tian Y Nong 2009). Continued improvements, such as the introduction of better cassava varieties and plantation techniques, are expected to increase unit production of the crop. Moreover, an additional 670.000 hectares of hillside wastelands in Guangxi are suitable for growing the crop, adding to the existing 270,000 hectares of plantations. The region will also be able to obtain a stable supply of cassava mainly from Vietnam and neighboring producer countries. 


             Vietnam also has developed an E10 policy requiring the production of 100 to 150 million liters per year. Prime Minister approved “the scheme on bio-fuel development to 2015 and the vision to 2025”, aiming to produce bio-fuels and partly replace traditional fuels. contributing to ensure energy security and environment protection. Petrovietnam plans to build three tapioca-based ethanol plants in the northern (Phu Tho). central (Quang Ngai) and southern Vietnam (Binh Phuoc). Each costing $80 million which will use cassava as feedstock, is expected to open in 18 months with total annual capacity of 300 million liters per year. The combination of wide spread production of fresh cassava roots and the processing of cassava into chips starch and ethanol has created many jobs, has increased exports, attracted foreign investment. and contributed to industrialization and modernization of several rural areas. 
1. 2 Current production and use of cassava in Vietnam
In Viet Nam about 66% of cassava is grown on Utisols, 17% on Inceptisols, 7% on Oxisols, 4% on Alfisols, 3% on Entisols and 2% on Vertisols. The soil pH hhhhH+HhhhhhHHgenerally varies from 4.5 to 6.0. In North Viet Nam, cassava is grown mainly in areas with hilly topography and about 68% of the cassava growing area has a rocky soil. while 12% have sandy soils, respectively. In South Vietnam cassava is grown mainly sandy-grey soils, these soils are flat and poor in nutrients, of the Central Coastal and the Southeast region, accounts for about 60 % of the total cassava area of the South. While more than 30% cassava is grown in the Central Highlands and Dong Nai, Binh Phuoc of Southeast region on red yellow soils with hilly topography. Due to these marked differences in cassava soil characteristics, research in the north should concentrate on erosion problems and soil fertility enhancement. Whereas in the south research on cassava variety  improvement, soil fertility enhancement and conservation by using intercropping systems is of highest priority.


In 2009 cassava planted area has reached 560.4 thousand hectares (Table 3), in which about 78% of total area was allocated in the Central Coast, Central Highlands and Southeastern. It can be seen that the cassava production in Vietnam has been gradually shifted to the Central and the Southeast areas in the recent years, especially in Gia Lai, Kon Tum, Dak Nong and Dak Lak provinces in the Central Highlands; and Tay Ninh. Dong Nai, Binh Phuoc, Binh Thuan provinces in the Southeastern; and Quang Nam. Quang Ngai, Binh Dinh, Phu Yen provinces in the South Central Coast. The three regions all have increased the areas of cassava production with different levels. Prominent among three regions is the Central Highlands with a significant increase in period 2000 – 2009 (Table 4). http://www.gso.gov.vn/default.aspx?tabid=390&idmid=3&ItemID=8785. 
Table 3. Cassava planted area (1,000 ha) in regions of Vietnam 1995 – 2009

	Regions
	1995
	2000
	2005
	2006
	2007
	2008
	2009

	Red River Delta
	10.9
	9.9
	8.5
	8.4
	8.8
	7.9
	7.9

	North Mountainous 
	80.4
	82.1
	89.4
	93.7
	96.5
	110.0
	110.0

	Central Coast
	94.0
	83.8
	133.0
	140.3
	151.2
	168.8
	170.0

	Central Highlands
	32.6
	38.0
	89.4
	125.9
	129.9
	150.1
	150.0

	Southeastern 
	49.3
	16.1
	98.8
	100.9
	102.9
	113.5
	115.0

	Mekong Delta
	10.2
	7.7
	6.4
	6.0
	6.2
	7.4
	7.5

	Total of Vietnam
	277.4
	237.6
	425.5
	475.2
	495.5
	557.7
	560.4


Table 4. Cassava production (1,000 tonnes) in regions of Vietnam 1995 – 2009

	Regions
	1995
	2000
	2005
	2006
	2007
	2008
	2009

	Red River Delta
	79.0
	87.9
	92.4
	93.7
	102.9
	102.1
	105.5

	NorthMountainous 
	606.3
	678.5
	986.8
	1,070.8
	1,132.3
	1,328.0
	1,330.0

	Central Coast
	602.1
	645.9
	1,855.9
	2,167.6
	2,359.9
	2,808.3
	2,810.0

	Central Highlands
	283.7
	351.5
	1,446.6
	2,058.8
	2,090.4
	2,356.1
	2,400.0

	Southeastern 
	560.8
	154.3
	2,270.5
	2,327.4
	2,434.4
	2,694.5
	2,700.0

	Mekong Delta
	79.6
	68.2
	64.0
	64.2
	72.9
	106.8
	110.0

	Total of Vietnam
	2,211.5
	1,986.3
	6,716.2
	7,782.5
	8,192.8
	9,395.8
	9,455.0


Cassava farm size in Viet Nam is small and cassava farms in the Southeastern Region are on average double the size of those in North Viet Nam. Cassava area per farm for all of Viet Nam average 0.27 ha, with extremes for the Southeast (0.85 ha) and the North Mountainous Region (0.20 ha). When farms are classified according to size, 31.6% of the sampled farms are smaller than 0.6 ha, 35.5% are between 0.6–1.05 ha, and the remaining 33% are larger than 1.05 ha. 
During the 1980s and 1990s cassava production in Vietnam was in decline. But in the past nine years (2000-2009). cassava production increased from 1.99 million tones in 2000 to 9.45 million tones in 2009. This was achieved through both area expansion. from 237.600 ha in 2000 to 560.400 ha in 2009 and marked increases in yield from 8.36 tons/ha in 2000 to 16.87 tons/ha in 2009. New high-yielding cassava varieties (Table 5) and more sustainable production practices have increased the economic effectiveness of cassava production. In year 2009 more than 500.000 ha of new varieties, mainly KM94, KM140, KM98-5, KM98-1, SM937-26, KM98-7 were grown. this corresponds to more than 90 % of the total cassava area in whole country.
Table 5. Harvested area and yield of cassava varieties in use currently in Vietnam1/ 

	Variety
	Harvested  area 
year 2008
	Fresh root yield

(t/ha)
	Starch

content

(%)
	Starch  yield

(t/ha)
	Production

(fresh root

 1000 t)

	
	x 1000 ha
	%
	Mean
	OFT 2/
	
	
	

	KM94
	420
	  75.54
	16.9
	33.0
	28.7
	  9.5
	 7.098

	KM140
	30
	    5.40
	20.0
	35.0
	28.7
	10.0
	    600

	KM98-5
	25
	    4.50
	20.6
	34.5
	28.5
	  9.8
	    515

	KM98-1
	18
	    3.24
	20.3
	32.2
	27.6
	  8.9
	    365

	SM937-26
	15
	    2.70
	19.8
	32.2
	28.9
	  9.3
	    297

	KM98-7
	  8
	    1.44
	17.0
	31.6
	27.5
	  8.7
	   136

	HL23
	6
	    1.08
	13.5
	16.5
	25.3
	  4.2
	     81

	XVP
	15
	    2.70
	12.0
	15.1
	26.5
	  4.0
	   180

	Others
	19
	    3.40
	  6.5
	14.9
	25.4
	  3.8
	   124

	Total
	556
	100.00
	16.9
	
	
	
	9.396


 1/ Nguyen Van Bo. Hoang Kim  et al. 2008 update data Dec. 20. 2009.

  2/ Results of Sixty cassava Regional Yield Trials conducted by VNCP (2001-2008).

According to the Ministry of Agriculture and Rural Development, in the 2009-crop, Viet Nam has about 560,400 ha of cassava under production, 9.45 million tonnes of cassava were harvested, up 2,700 ha and an increase of 59,200 tonnes over 2008. Cassava yields and production in many provinces have doubled, stimulated by the construction of new large-scale cassava processing factories. The cassava output in each region/province has been corresponding to the planted area and yield which greatly depends on the application of new high-yielding cassava varieties in each province and the adoption of more sustainable production practices. While twenty years ago there were no medium- or large-scale cassava starch factories in Vietnam, there are now 60 cassava processing factories in operation with a total processing capacity of 3.2- 4.8 million tones of fresh roots/year. Total cassava starch production in Vietnam was about 800.000- 1.200.000 tones, of which 70% was exported and 30% used domestically. 
Vietnam is now probably the second largest exporter of cassava products  after Thailand with 2.00 -4.00 million tones of cassava dry chip (Table 6a). and about 0.4 -0.8 million tones of tapioca starch exported, respectively. Mainland China remained the biggest importer of Vietnamese cassava and accounted for 90 per cent of the industry’s export income. South Korea and Taiwan were the second and third biggest importers. Demand has soared, largely due to demand from China, which uses the root to produce ethanol. The total export in year 2009 around 4 million tonnes of cassava chip exports and more than 350 thousand tones of cassava starch and flour. Prices of cassava chip exports fell to a low of $135 a tonne at the beginning of year 2008, but have since risen to between $180 and $195 a tonne in last December 2009 
Table 6a. World trade of cassava products in millions of tones 2006-2009.  

        
	Market Region
	2006
	2007
	2008
	2009

	World Exports
	    10 245
	    10 922
	9 150
	   12 118

	Flour and starch 
	4 852
	4 686
	4 265
	4 651

	    Thailand
	4 616
	4 416
	3 963
	4 316

	    Vietnam and others 
	   236
	   269
	  302
	        335

	Chips and pellets 
	5 629
	6 506
	5 187
	7 802

	    Vietnam
	1 041
	1 317
	2 000
	4 000

	    Thailand
	4 348
	4 824
	2 848
	3 450

	    Indonesia
	   132
	   210
	  170
	   160

	    Others
	   108
	   156
	   169
	   191

	World Imports
	8.964
	9.240
	6.810
	7.766

	Flour and starch 
	4 616
	4 416
	3 963
	4 316

	    China 
    &Taiwan
	   723
   676
	   694
   548
	   611
  483
	1 125
   620

	     Japan
	   694
	   729
	  873
	   725

	    Malaysia
	   312
	   256
	  296
	   400

	    Indonesia
	   968
	   667
	  417
	   270

	    Others 
	1 244
	1 523
	1 284
	1 176

	Chips and pellets 
	4 348
	4 824
	2 848
	3 450

	    China
	3 963
	3 168
	1 214
	      3000

	    Republic of Korea
	  268
	    20
	   474
	
        111

	    European Union
	  341
	1 436
	   989
	    20

	Others
	-224
	   200
	   170
	  319


Source: Cassava: FAO Food Outlook  December 2009  
A case study of cassava market in the Central provinces of Vietnam . On average. labour cost accounts for 59.9% of cassava production costs. In some regions. like the Binh Dinh and the Gia Lai. this may be for 52.8% and 68.7%. respectively (Table 7) 
Table 7:  Production costs and returns per ha  in the central provinces of Vietnam

	Economic item


	Unit
	Binh Dinh
	Gia Lai

	
	
	Amount


	Unit

Price

(1000đ)
	Total

cost

(1000đ)
	Amount


	Unit Price

(1000đ)
	Total

cost

(1000đ)

	Total cost
	
	
	
	9.080
	
	
	7.280

	Labor for
	
	
	
	4.800
	
	
	5.000

	- Land preparation
	m.d.
	34
	40
	1.360
	34
	40
	1.360

	- Planting
	m.d.
	6
	40
	240
	6
	40
	240

	- Weeding
	m.d.
	40
	40
	1.600
	40
	40
	1.600

	- Harvesting
	m.d.
	40
	40
	1.600
	45
	40
	1.800

	Planting material
	l. s.
	2500
	1
	*
	2500
	1
	*

	Fertilizer
	
	
	
	3.800
	
	
	1.800

	- Farmyard manure
	ton
	7
	200
	1.400
	
	
	

	- NPK 20-20-15
	kg
	400
	6
	2.400
	300
	6
	1.800

	Packing
	unit
	6
	60
	360
	6
	60
	360

	Other 
	unit
	20
	6
	120
	20
	6
	120

	Gross income 
	ton
	22
	900
	19.800
	22
	840
	18.480

	Net income/ ha
	
	
	
	10.720
	
	
	11.200


Note: 1US$= 16.000 dong in Feb. 2008
The average labour requirement for cassava production is 125 mandays/ha. The second largest cost item is fertilizer. constituting 41.8% in Binh Dinh and 24.7% in Gia Lai. depending on farmers’ investment in fertilizer. With the selling price of fresh root of 900 VND/kg; farmers can earn 10.720 to 11.200 thousand VND/hectare. The total variable cost of cultivation in Feb. 2008 was about US$ 455- 567.5/ha. at an average root yield of 22.0 t/ha. the production cost would be US$ 20.68- 25.79 /t fresh roots. Gross income is US$ 1.155- 1.237.5 /ha. Net income is US$ 670 - 700/ha. Reporting of farmers in : 32% of fresh root has been processed by farmers for exportation; 27% total fresh root for cassava starch processing, 22% of fresh root farmers sell to processing households, 19% farmers use for animal feeding or domestic consumption.

2. The selection of cassava matterials derived from CIAT. 

           The objectives of further genetic improvement of cassava varieties in Vietnam are: 1) to increase the yield potential, dry matter content and starch content, and enhance early harvestability; 2) Identification of cassava high-yield varieties suited to different agro-ecological zones and the integration of these into smallholder farming systems. 3) identifying the best cassava varieties for bioethanol production,  In addition, the work above on breeding and pre-breeding lines will help define the breeding strategies for increased crop productivity and bioethanol production.
           The largest array of field trials are in Tay Hoa village. Trang Bom district. of Dong Nai province. These include trials to evaluate cassava varieties for improved ethanol production from the CIAT core collection that is held in Vietnam and from the breeding programmes of VNCP research partners (Table 8). 

Table 8.  Present size of the cassava collection in NLU and IAS (July, 2008) 

	Type of cassava germplasm
	Donor
	No of accessions
	No. of selected plant in 

	
	
	
	F1C1 
	OT 1
	PYT 2
	  CEG

	Total
	
	344
	139.667
	3.495
	 668
	       344

	Farmers’ varieties
	VNCP
	31
	31
	31
	31
	  31

	Breeders’ varieties
	
	38
	38
	38
	38
	38

	+ Thailand
	FCRI. KU
	7
	7
	7
	7
	7

	+ Colombia
	CIAT
	5
	5
	5
	5
	5

	+ Brazil
	EMBRAPA
	4
	4
	4
	4
	4

	+ China
	CATAS
	11
	11
	11
	11
	11

	+ India
	CTCRI
	2
	2
	2
	2
	2

	+ Indonesia
	BORIF
	1
	1
	1
	1
	1

	+ Malaysia
	MARDI
	1
	1
	1
	1
	1

	+ Vietnam
	NLU. IAS
	7
	7
	7
	7
	7

	Experimental acc.
	
	275
	139.598
	3.426
	599
	275

	+ Introduced acc.
	
	   242
	96.148
	2.551
	435
	   242

	    CIAT before 2000
	CIAT
	18
	72.075
	18
	18
	18

	    CIAT 2001-2008
	CIAT
	224
	24.073
	2.533
	417
	224

	+ Viet hybrid acc.
	NLU. IAS
	27
	37.210
	386
	164
	27

	+ Mutation  acc.
	NLU. IAS
	        6      
	    6.240
	489
	125
	    6


The trials (Table 9) include two trials for the Conservation of Elite Germplasm (CEG) and F1 Seeding Trials (F1). two Single Row Trials (SRT). two Preliminary Yield Trials (PYT). and two Standard Yield Trials (SYT). 

Table 9. Number of treatments and accessions to evaluate cassava varieties for improved ethanol production in Tay Hoa (Dong Nai) 2008 -2009     

	Type of cassava germplasm
	No of
acc.
	Number of treatments and accessions

	
	
	CEG1
	CEG2
	DH F1*
	PYT1
	PYT2
	SYT1
	SYT2

	Total
	344
	98
	53
	30 
	15
	12
	10
	10

	Farmers’ varieties
	31
	31
	31
	5
	2
	1
	-
	-

	Breeders’ varieties
	38
	36
	36
	9
	3
	2
	2
	2

	Experimental acc.
	275
	31
	31
	16
	10
	9
	8
	8

	+ Introduced acc.
	   242
	13
	13
	9
	6
	6
	5
	5

	+ Cas.Viet acc. 
	33
	18
	18
	7
	4
	3
	3
	3


* DH F1:: Some new hybrid cassava elite clones and promising doubled haploid (DH) lines (Hernan Ceballos et al. 2007b). were made, evaluated and test crossed in the field. 
The screening of quality characteristics likely to be related to improved fermentability continues with three pre-breeding accessions that have interesting traits for crossing and development into high-yielding varieties . The new advanced cassava varieties KM297, KM228, KM318, KM325, KM397, KM21-12, SC5, HB60  are being undertaken in the  Regional Yield Trials (RYT) of Tay Ninh, Ninh Thuan. and Yen Bai provinces (Table 10 Table 11, Table 12, Table 13 and Table 14)

Table 10. Some new hybrid elite clones and advanced varieties in South Vietnam. 2009 

	NLU
code
	Cassava hybrid elite clones (F1 C4) and advanced varieties  

	    Root yield
        (t/ha)
	Root DM

content

(%)
	Root

Starch 

content

(%)
	Root
Starch Yield
(t/ha)

	
	
	Dry
	Fresh
	
	
	

	KM414 *
	KM146-7-2 xKM143-8-1
	17.17
	44.60
	38.5
	28.7
	12.80

	KM397 *
	SM937-26 x SM937-26
	16.80
	43.40
	38.7
	28.8
	12.50

	KM325 *
	SC5 x SC5
	15.34
	40.58
	37.8
	27.6
	11.20

	KM140 *
	KM140 x KM140
	14.99
	38.94
	38.5
	28.2
	10.98

	KM98-5*
	KM98-5 x KM98-5
	14.86
	37.72
	39.4
	28.9
	10.90

	KM98-1*
	KM98-1
	14.85
	39.30
	37.8
	27.7
	10.88

	KM297 *
	KM297 x KM297
	14.75
	36.70
	40.2
	29.5
	10.83

	KM228 *
	KM228 x KM228
	14.74
	39.10
	37.7
	27.6
	10.80

	KM318 *
	CM9582 x CM9582
	14.44
	37.60
	38.4
	28..4
	10.68

	KM363 *
	KM21-12 x KM21-12
	13.76
	36.04
	38.2
	28.3
	10.20

	KM140
	KM98-1 x KM36
	13.43
	35.72
	37.6
	27.8
	  9.93

	KM225
	SC5 
	12.92
	36.28
	35.6
	25..8
	  9.36

	KM97
	SM937-26
	12.68
	31.85
	39.8
	29.2
	  9.30

	KM390
	HB60 
	12.59
	32.97
	38.2
	27.9
	  9.20

	KM331
	SM9947-3
	12.37
	32.72
	37.8
	27.9
	  9.13

	KM228
	KM94 (6 Kr)
	12.42
	31.93
	38.9
	28.5
	  9.10

	KM219
	BKA900
	12.55
	34.20
	36.7
	26.5
	  9.06

	KM222
	GM911
	12.49
	34.88
	35.8
	25.8
	  9.00

	KM94
	KM94
	12.03
	31.00
	38.8
	28.7
	  8.90

	KM320 
	SC6 
	10.04
	27.83
	36.1
	25.4
	  7.07     

	KM333
	CM9966-1
	  9.50
	26.34
	36.8
	26.3
	  6.93

	KM36
	XVP-2
	  8.94
	22.93
	38.0
	27.6
	  6.33

	KM23
	HL23
	  8.34
	22.30
	37.4
	27.5
	  6.13

	KM27
	XVP-1
	  8.83
	25.10
	35.2
	24.3
	  6.10

	CV %
	
	
	12.46
	
	3.42
	

	LSD 0.05
	
	
	  3.18
	
	1.24
	


Table 11. Results of Standard Yield Trial at Tay Hoa. Trang Bom. Dong Nai year  2009 

	Varieties
	Root yield
         (t/ha)
	Root 
Starch

content

(%)
	Root

DM

content

(%)
	Root
Starch Yield
(t/ha)
	Harvest index

(%)
	Plant type & stake

quality

(1-10)
	Root

shape &

uniformity

(1-10)

	
	Dry
	Fresh
	
	
	
	
	
	

	KM414
	18.00
	46.80
	27.6
	38.5
	12.91
	63
	9
	9

	KM325
	16.97
	44.91
	26.8
	37.8
	12.08
	65
	9
	9

	KM228
	16.47
	43.69
	26.7
	37.7
	11.66
	64
	8
	9

	KM140
	16.36
	42.50
	27.3
	38.5
	11.60
	63
	9
	9

	KM98-5
	14.37
	36.48
	28.5
	39.4
	10.40
	58
	9
	9

	KM 397
	13.80
	35.65
	28.7
	38.7
	10.23
	64
	9
	9

	KM297
	13.78
	34.27
	28.2
	40.2
	9.66
	56
	8
	9

	KM308
	11.48
	32.35
	25.1
	35.5
	8.12
	60
	9
	8

	KM206
	10.80
	29.68
	26.2
	36.4
	7.78
	57
	9
	8

	KM315
	9.78
	27.17
	25.4
	36.0
	6.90
	53
	8
	8

	KM94(c/k)
	13.24
	34.12
	27.9
	38.8
	9.52
	54
	8
	9

	CV%
	
	9.18
	4.05
	
	7.80
	
	
	

	LSD 0.05
	
	3.68
	2.89
	
	2.24
	
	
	


Table 12. Results of three Regional Yield Trials in Tay Ninh province  year  2008- 2009 

	Varieties
	Fresh root yield (t/ha)
	Root starch content
(%)
	Root  dry matter
(%)
	Root  starch

yield

(t/ha)
	Dry

root

yield
(t/ha)

	
	RYT1
	RYT2
	RYT3
	Aver.
	
	
	
	

	KM 325
	27.90
	60.00
	48.69
	45.53
	27.20 cde
	37.9
	12.38
	17.26

	KM 98-5
	27.50
	58.60
	42.28
	42.79
	27.20 cde
	37.9
	11.64
	16.21

	KM 98-1
	26.70
	52.34
	38.46
	39.17
	26.82 de
	37.0
	10.51
	14.49

	KM140
	24.80
	47.90
	35.80
	36.16
	27.50 bcd
	38.5
	9.94
	13.92

	KM94
	26.93
	39.10
	34.70
	33.58
	28.70 a
	39.6
	9.97
	13.30

	KM297
	28.00
	50.40
	-
	-
	29.10 a
	-
	-
	-

	KM318
	26.80
	45.20
	-
	-
	27.50bcd
	-
	-
	-

	KM315
	21.60
	40.54
	-
	-
	28.10 abc
	-
	-
	-

	KM307
	22.13
	36.30
	-
	-
	27.20 cde
	-
	-
	-

	KM228
	23.47
	33.67
	-
	-
	28.40 ab
	-
	-
	-

	KM206
	24.26
	28.63
	-
	-
	27.60 bcd
	-
	-
	-

	CV%
	10.84
	13.16
	11.76
	
	2.32
	
	
	


Table 13. Results of Regional Yield Trial at Quang Son, Ninh Son, Ninh Thuan  2009 

	Varieties
	Dry Root

Starch

Yield

(t/ha)
	Fresh 
Root

Yield
(t/ha)
	Root

Starch

content

(%)
	Biomas
 Yield
(t/ha)
	Harvest 
index

(%)

	
	
	
	
	
	

	KM140
	11.80 a
	37.50   b
	30.40 ab
	55.50   bc
	68.88 a

	KM228
	11.47 ab
	47.33 a
	26.03     c
	68.61 a
	65.59 a

	KM206
	10.35   bc
	36.94   b
	29.70 ab
	54.78   bc
	67.54 a

	KM318
	10.15     c
	34.67   b
	29.57 ab
	54.87   bc
	63.66 a

	KM94
	9.55     c
	32.67   b
	32.77 a
	61.17   b
	53.50   b

	CV%
	5.91
	8.42
	5.68
	6.97
	5.07

	LSD 0.05
	1.13
	5.69
	3.06
	7.32
	5.92


Table 14. Results of three Regional Yield Trials in Yen Bai province year 2009 

	Varieties
	      Fresh root yield (t/ha)
	Root starch content
(%)
	Root  dry matter
(%)
	Root  starch 

yield

(t/ha)
	Dry 

root 

yield
(t/ha)

	
	RYT1
	RYT2
	RYT3
	Aver.
	
	
	
	

	KM 21-12
	32.10
	44.58
	33.00
	36.56
	29.70
	39.80
	10.86
	14.55

	KM98-7
	28.77
	40.92
	23.63
	31.10
	28.40
	39.60
	  8.83
	12.32

	KM98-1 *
	23.17
	36.82
	26.45
	28.81
	28.60
	39.20
	  8.24
	11.29

	KM94
	26.87
	32.25
	29.33
	29.48
	29.70
	40.60
	  8.76
	11.97

	KM21-10
	30.70
	31.00
	23.18
	28.29
	28.70
	39.80
	  8.12
	11.26

	HB60
	-
	-
	23.40
	-
	29.33
	40.00
	  -
	-

	Rayong 9
	-
	-
	23.00
	-
	29.47
	40.10
	  -
	-

	CV%
	11.60
	  9.20
	17.80
	
	
	
	
	

	LSD.05
	  5.33
	  3.56
	  3.05
	
	
	
	
	


* KM98-1 = NA1

3. Recent progress in cassava breeding and improvement of crop productivity 

3.1 Recent progress in cassava breeding
The aims of the cassava breeding are: to select and release new varieties with high-yield capacity of 35-40 t/ha, a starch content of 27-30%, a growing period of 8-10 months, erect stems, short internodes, less branching, compact canopy, uniform root size, white root flesh and suitable for industrial processing. As a result, two new cassava varieties KM140 and KM98-5 have been identified and released in South Vietnam in year 2007 and 2009; one new cassava variety KM98-7 also have been identified and released in North Vietnam in year 2008  with the yield higher than local check KM94. These varieties are being transferred to a large number of households in Vietnam. 
Cassava variety KM140 is a hybrid selected from KM98-1 x KM 36 cross in 1998 (Figure 3). Thirty cassava comparison experiments and two experiments for determining the best harvesting time of some cassava cultivars were carried out. On red soil in South East region. experiments were planted at beginning of rainy season and harvested after planting from 6,7,8,9,10,11 and 12 months. On grey soil. planted at beginning rainy season and harvested after 10,11 and 12 months. 
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Figure 3. Cassava variety KM140 is a hybrid selected from KM98-1 x KM 36 cross 

The data revealed that KM140 has fresh root yield of 33.4 – 35.0 ton/ha. starch content of 26.1 -28.5%. starch yield of 9.5 – 10.0 ton/ha; better than that of KM94. Content of HCN in KM140 is 105.9 mg/kg dry matter. it can be used as fresh consumption. lower than that of KM94; its harvest index was 65%. good resistance to pests and diseases (Figure 4) . 
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Figure 4. In South East region. lanting at beginning rainy season and harvesting at 7.8 and 9 months after. KM140 gave fresh root yields of 23.5, 26.7 and 28.7 ton/ha. Respectively, equal to that of KM94.

             In South East region. planting at middle of rainy season and harvesting 10 months later revealed that all cassava cultivars gave low starch content (16.6%-22.5%). If harvested 11 months after planting. almost cultivars had starch content around 25% satisfying the requirement of processors. If harvested 12 months after planting most of the cultivars gave good fresh root yield and starch content. but this would cause inconveniences for next crop cultivation. Planting at beginning rainy season and harvesting at 7.8 and 9 months after. KM140 gave fresh root yields of 23.5. 26.7 and 28.7 ton/ha. respectively. equal to that of KM94. Starch content of KM140 harvested 8 months after planting was 28.4% higher than of KM94 (26.2%). with signnificant difference (Figure 5). 
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Figure 5. Starch content of KM140 harvested 8 months after planting was 28.4% higher than that of KM94 (26.2%). with signnificant difference.
Cassava variety KM98-5 is a hybrid selected from KM98-1 x Rayong 90 cross in 1998. On grey soil of Tay Ninh province. KM89-5 has fresh root yield of 34.5 – 37.8 ton/ha. starch content of 27.2 -29.8%. starch yield of 10.0 – 11.7 ton/ha; higher than that of KM94 and KM140. 

             KM140, KM98-5, KM98-7, SM937-26. KM98-1 are now playing an important role in cassava production in South East and Central Coastal regions. Central Highlands in the South (Tran Cong Khanh, Hoang Kim, Vo Van Tuan, Nguyen Huu Hy, Dao Huy Chien, Pham Van Bien, Reinhardt Howeler and Hernan Ceballos 2009, 2007, Tran Cong Khanh 2007; Vu Van Quy 2009, Le Van Luan 2008, Nguyen Thi Cach 2007). 

Two new cassava varieties KM98-7 and KM21-12 are being transferred to a large number of households in the Northern mountainous areas (Nguyen Trong Hien, Ha Dinh Tuan, Nguyen Thi Ngoc Binh 2009; Trinh Phuong Loan, Nguyen Trong Hien, Dao Huy Chien, Tran Ngoc Ngoan, Nguyen Viet Hung et al. 2008).
3.2 Improvement of crop productivity

            The productivity of cassava can be increased by selection of the most appropriate varieties as well as by using the most appropriate cultural methods of production. including appropriate fertilizer applications. soil erosion control. and intercropping. Trials have been established at the pilot sites in Dong Nai. Yen Bai. and Thua Thien Hue provinces to determine (i) the agronomic potential of intercropping systems that include cassava with sweet sorghum. or maize. or groundnut; (ii) the best management practices for these cropping systems, with particular reference to integrated soil fertility management and soil erosion control; and (iii) the best. high yielding varieties of sweet sorghum. maize. and groundnut to intercrop with cassava. 
             The varieties selected for evaluation with cassava were: Six sweet sorghum lines from ICRISAT (ICSB38. PVK801. ICSR93034. ICSV574. NTJ2. and IS41333). one groundnut cultivar from ICRISAT (ICGV91114). and six new maize varieties from NLU and HARC in Viet Nam. In addition. two pigeon pea cultivars (ICP7035 and ICPL 20092) were obtained from ICRISAT for evaluation.

              Two on-farm trials using cassava variety KM140 intercropped with maize variety VN25- 99  are being undertaken at the pilot site in Tay Hoa village. Trang Bom district. Dong Nai province  to determine best management practices for cassava-maize cropping systems (Table 15 and Figure 6). 


Table 15. Data on two on-farm trials using cassava variety KM140 intercropped with maize variety VN25- 99 in Tay Hoa village. Trang Bom district, Dong  Nai province


	Cropping systems 1
	Cassava
	Maize

 seed

yield
(t/ha)
	Net

Profit


(1000000d)

	
	Root yield 
(t/ha)
	Top
yield
(t/ha)
	DM 
content
(%)
	DM
yield
(t/ha)
	
	

	Grey soil
	
	
	
	
	
	

	Cassava monoculture
	34.5
	27.8
	39.7
	13.69
	0
	15.38

	Cassava + Maize (1)
	25.0
	24.7
	38.5
	  9.63
	3.50
	20.76

	Cassava + Maize (2)
	32.7
	25.4
	38.9
	12.72
	1.44
	18.64

	Cassava + Maize (3)
	33.9
	28.4
	41.3
	14.00
	2.68
	25.40

	Red soil
	
	
	
	
	
	

	Cassava monoculture
	38.6
	32.5
	38.7
	14.93
	0
	17.86

	Cassava + Maize (1)
	28.9
	28.3
	37.0
	10.69
	4.40
	27.38

	Cassava + Maize (2)
	37.5
	30.6
	37.6
	14.10
	2.20
	25.20

	Cassava + Maize (3)
	36.9
	31.8
	38.2
	14.10
	3.56
	30.00


1) One rows of cassava intercropped with one rows of maize. cassava 1.00m x0.75m. maize 1.00m x0.2m
2) Two rows of cassava intercropped with one rows of maize. cassava 1.00m x0.75m. maize 2.00m x0.2m 
3) Two rows of cassava intercropped with two rows of maize. cassava (0.75m x 2 rows) x 0.75m. maize    

     (0.75m x 2 rows) x 0.2m ; cassava chips: 2700 d/kg; maize dry seeds: 5000d/kg. 1USD = 18.000d 
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Picture 6 . Two rows of cassava intercropped with one rows of maize. 100cm between rows. 75 cm between plant

             Similar on-farm trials using cassava variety KM94 intercropped with groundnut varieties L14. HL25 are being undertaken to determine best management practices for cassava- peanut cropping systems (Table 16). Three of the cassava-peanut on-farm trails are being implemented at the pilot site in Phong My village, Phong Dien district, Thua Thien Hue province, and another in Tay Hoa village. Trang Bom district. Dong Nai province, and Mau Dong village, Van Yen district, Yen Bai province. 

Table 16. Trials using cassava variety KM94 intercropped with groundnut varieties L14. HL25 at Phong My (Thua Thien Hue). Tay Hoa (Dong  Nai) and Mau Dong (Yen Bai)


	Cropping systems
	Yield (t/ha)
	Groundnutbiomass yield

(t FW/ ha)
	Net

Profit

(1000000d)
	Selection from

farmer

(%)

	
	Cassava (fresh root )
	Groundnut

(dry seed in seel)
	
	
	

	Phong My (sandy soil)     
	
	
	
	
	

	Cassava monoculture
	22.7
	0
	0
	  12.70
	20.0

	Cassava + Groundnut (1)
	18.9
	0.90
	4.20
	  20.10
	13.3

	Cassava + Groundnut (2)
	16.5
	1.44
	7.20
	  26.42
	66.7

	Tay Hoa (grey soil)
	
	
	
	
	

	Cassava monoculture
	34.5
	0
	0
	  22.50
	26.7

	Cassava + Groundnut (1)
	32.8
	1.00
	4.60
	  32.80
	20.0

	Cassava + Groundnut (2)
	31.6
	1.20
	6.90
	  35.20
	53.3

	Mau Dong (grey soil)
	
	
	
	
	

	Cassava monoculture
	28.3
	0
	0
	  11.32
	40.0

	Cassava + Groundnut (2)
	26.2
	2.25
	7.60
	  21.73
	60.0


1) Cropping partern: Cassava (spacing 1.00 x 0.80 m) one rows of cassava intercropped with one rows of groundnut. spacing 0.50 m between rows x 0.20 m between plant x 2 seeds)

2) Cropping partern: Cassava (spacing 1.00 x 0.80 m) one rows of cassava intercropped with two rows of groundnut. spacing 0.30 m between rows x 0.20 m between plant x 2 seeds)

3) Cassava fresh root: 1000d/kg; Groundnuts with shell : 18.000d/kg. 1USD = 18.000VND
4. Conclusion and recommendation 
4.1 Conclusion 

Vietnam is a classic example of how cassava can contribute to rural industrialization and development. Previously. people were reluctant to grow cassava because they thought that cassava caused soil degradation and produced low profits. But in reality one hectare of cassava can produce 60-80 tones of fresh roots and leaves. The situation has changed because of the development of sustainable cultivation techniques and new high-yielding varieties with the availability of a large and growing market demand. Cassava has become a cash crop in Vietnam. Cassava chips and starch is now being produced competitively, and cassava markets are promising. The combination of wide spread production of fresh cassava roots and the processing of cassava into chips starch and ethanol has created many jobs, has increased exports. attracted foreign investment. and contributed to industrialization and modernization of several rural areas. 
The largest array of field trials to evaluate cassava varieties for improved ethanol production from the CIAT core collection that is held in Vietnam and from the breeding programmes of VNCP research partners A total of 24.073 cassava sexual seeds from CIAT and 37.210 seeds from 9- 15 cross combinations made in Vietnam 38 breeding lines (mainly from Thailand), and 31 local farmer's varieties. have been planted. Of these. 98 of the best lines are now in the final stages of the selection process. and three of the most promising, KM140, KM98-5 and KM98-7 has recently been released in the period 2007 - 2009. 

The new advanced cassava varieties KM297, KM228, KM318, KM325, KM397, KM21-12, SC5, HB60  are being undertaken in the  Regional Yield Trials (RYT) of Tay Ninh, Ninh Thuan. and Yen Bai provinces
4.2 Recommendation 

After twenty years of development (1991-2010). intensive cassava research and extension have changed cassava from being a food crop to being an industrial crop.  Cassava in Vietnam is now promising for export and domestic use. VNCP was agreed to emphasize the following five topics: 
1. Determination of an appropriate strategy for cassava research and development cooperation with processing factories in establishing areas with a stable source of raw materials; use of cassava for bio- ethanol.

2. Selection of cassava doubled haploid lines derived from materials of CIAT and applying mutation in cassava breeding; Selection and dissemination of high-yielding varieties with high starch contents; Selection and development varieties with high root yield, short duration and improvement of quality and nutritional value of cassava.

3. Research on integrated cultivation techniques and transfer of appropriate cultivation techniques to farmers to increase the productivity and economic efficiency of cassava production in different eco-regions.
4. Research on the development of cassava processing technologies; Use of cassava leaves and roots in animal feeds and food processing. Cassava starch, ethanol effluent and byproducts transformation into animal feed and fertilizers. 
5. Development of local and export markets for cassava products.
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Table 6b. China import of chip (mt/ ha)  in year 2009.  

  
      

	
	Total 
	Thailand
	Vietnam
	Indonesia
	Laos 
	Others

	Jannuary 
	259,886
	145,530
	 89,223
	25,133
	0
	 0

	February
	344,823
	149,787
	185,408
	 9,055
	0
	 0

	March
	581,164
	196,733
	382,441
	0
	1,920
	       70

	April
	686,062
	253,379
	432,200
	0
	  350
	     133

	May
	564,353
	250,451
	313,868
	0
	0
	      34

	June
	420,310
	237,863
	182,397
	0
	0
	      50

	July
	513,421
	354,192
	159,229
	0
	0
	0

	August
	471,532
	369,218
	102,314
	0
	0
	0

	Sebtember
	522,240
	452,406
	  51,206
	18,628
	0
	0

	October
	533,645
	472,365
	  48,374
	12,906
	0
	0

	November
	505,113
	453,794
	 18,154
	33,165
	0
	0

	December
	616,875
	526,944
	 45,746
	44,185
	0
	0

	Total 2009
	6,019,424
	3,862,662
	2,010,560
	143,072
	2,270
	    287


Source:  Boomee Watanaruangrong 2009 (Not yet public)
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