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PREFACE 

Cassava has been an important food crop in many countries in Asia, · especially in 
times of food shortages due to war or other serious calamities. Presently, it remains an 
important source of food in sorne countries, while in others it is now mainly used for on
farrn animal feeding, for small-scale processing into a wide range of food products, or for 
industrial processing into commercial animal feed, starch, and many starch-derived 
products. As incomes ha ve risen sharply in most countries in Asia during the past 10-20 
years, demand for cassava products have also risen, mainly because people can afford to 
consume more meat and milk, and they require more starch for food, paper and textiles. 
More recently, demand for cassava roots has also markedly increased due to its use as a 
feedstock for production of fuel-ethanol. 

To meet this increasing demand, and in response to higher prices, farmers are 
trying to either expand their cassava growing arca or to increase their yields - or both. 
Arca expansion is often possible only by planting cassava on ever steeper slopes, thus 
exacerbating soil losses due to erosion. Research conducted in Colombia and in severa! 
Asían countries during the 1980s and early 90s has clearly shown that cultivation of 
cassava on slopes may result in more serious erosion than that of other crops, due to the 
crop's wide spacing and slow initial growth. This research also showed that severa! simple 
agronomic and soil conservation practices could be used to markedly reduce erosion. 
However, these practices were seldom being adopted by farmers, as most farmers were 
either not aware of the seriousness of the soil Josses due to eros ion, did not know what to 
do to reduce erosion, or considered the recommended practices impractical, too costly or 
time consuming, and without providing much immediate economic benefits. 

It seemed that more widespread adoption of these practices could only be achieved 
by working directly with farmers, using a farmer participatory approach in research and 
extension. In 1993 the Nippon Foundation in Tokyo, Japan, agreed to fund a 5-year 
project, to be implemented by CIA T's Cassava Program in Asia, aimed at developing and 
using a farmer participatory research (FPR) methodology to enhance the adoption of more 
sustainable cassava production practices that would increase yields while also protecting 
the soil from degradation by nutrient depletion anci/or erosion. The first phase of the 
project, from 1994 to 1998, was conducted in el ose collaboration with· cassava researchers 
in China, Indonesia, Thailand and Vietnam. During this phase the FPR methodology was 
developed and tested in 2-3 pi1ot sites in each country. Towards the end of this phase 
farmers had tested and selected new high-yielding varieties, improved intercropping 
systems, balanced fertilization and effective soil erosion control practices, and sorne had 
started to adopt these practices in their cassava production fields. Encouraged by these 
results, the Nippon Foundation agreed to fund a second phase, from 1999 to 2003, to be 
implemented in China, Thailand and Vietnam, with the aim to rapidly expand the project to 
more pilot sites in order to reach many more farmers and achieve more widespread 
adoption of the farmer-tested and selected practices. This was largely achieved - in sorne 
cases way beyond expectation - but in sorne arcas the adoption was slow, or only 
temporary while the project staff made regular visits, but discontinued when the project 
moved on to other sites. The objective of this End-of-Project Workshop, held in Thai 
Nguyen, Vietnam, in Oct 2003, was to review the activities, the results and achievements of 



the project, and to discuss which aspects were successful and wh ich were less so, and why. 
Although the publication of the Workshop Proceedings was delayed, it is hoped that the 
various papers presented at the Workshop, and here included, are still useful in 
sumrnarizing the methodology that was developed, the results obtained and the impact 
achieved, while also indicating the lessons leamed, and the reasons for sorne failures. This 
will hopefully help in the successful execution of similar projects in the future. 

1 want to take this opportunity to thank the many researchers, extensionists, 
govemment officials and farmers who participated in the project and who worked 
enthusiastically together to make it successful. 1 particularly want to thank the Nippon 
Foundation for their long and very generous fmancial support and their encouragement of 
the project. Working together we were able to help many farmers improve their 
livelihoods, and to contribute to the use of more sustainable cassava production systems in 
Asia. 

R.H. Howeler 
CIAT, Bangkok 
January, 2008 
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BACKGROUND ANO GENERAL METHODOLOGY USED IN THE NIPPON 
FOUNDA TION PROJECT1 

Reinhardt H. Howe!e/ 

ABSTRACT 
The first phase of the Nippon Foundation cassava project in Asia was conducted from 1994 

to 1998, and was followed by the second phase conducted from 1999 to 2003. The main objective 
was to develop, together with farmers, better cassava production pract ices that would enhance the 
sustainability of production, both in helping farmers increase the ir income and in protecting the soil 
resource base from degradation as a result of nutrient depletion and erosion. Both the first and 
second phase aimed at enhancing the adoption of more sustainable production practices by involving 
farmers directly in the development of site-specific most-appropriate practices through farmer 
participatory methods. The fi rst phase of the project developed and tested mainly a farmer 
participatory research (FPR) methodology, whi le the second phase used this methodology, 
implemented in a simplified version in many more sites, and developed and used various farmer 
participatory extension (FPE) methods in order to disseminate the farmer-selected practices to as 
many other farmers as possible. 

The second phase of the project was implemented by the CIA T Cassava Office for Asia in 
Bangkok in close collaboration with five institutions in Thailand, six in Vietnam and three in China. 
Researchers and extensionists in those institutions received training in farmer partic ipatory 
methodologies and put this training into practice working d irectly wi th farmers, initially only in a 
few selected villages or pi lot sites, but covering more sites year after year. In 2003 the project was 
working or had worked in 31 sites in China, 33 in Thailand and 34 in Vietnam, for a total o f 99 
project sites. 

In general, the methodology developed started with the identification of suitable villages 
that might benefit from this project, discuss its implementation with offic ia ls at di fferent levels, 
conduct a Rapid Rural Appraisal (RRA) with farmers in the village to obtain basic information and 
gauge the ir interest in participating. After analyzing the results, the most suitable vi llages were 
selected, based also on the willingness of local leaders to collaborate. Inte rested farmers from the 
selected pilot site(s) were then taken on a field trip to visit demonstration plots, or visit another 
village where farmers had a lready conducted FPR tria ls or had adopted some selected practices. At 
the demonstration plots, farmers evaluated and scored all the treatments and finally selected a few of 
most interest to try out in FPR tria ls on their own fie lds. Researchers and extensionists helped 
farmers to select appropriate treatments, stake-out plots and establish the selected treatments. 
Usually, FPR trials had 4-6 treatrnents, inc luding the farmer's traditional practice, without 
replication. Plot size varied but normally ranged from about 1 O x 1 O m to 1 O x 20 m. Although the 
emphasis was on the conducting of FPR erosion contro l trials, farmers could also test other 
technology components, such as new var ieties, fertilization practices, intercropping, weed control 
and even pig feeding with cassava roots and lea ves. At time of harvest, a field da y was organized to 
Jet other farmers from the village and surrounding villages evaluate and discuss the results of the 
various treatments. From these results and discussions farmers then selected the best treatments for 
either further testing or for adoption in their production fields. 

1 This paper is a modified and shortened version of part ofthe End-o f-Project Report submitted to 
the Nippon Foundation in Apri l 2004. 

2 CIA T Cassava Office for Asia, Department of Agriculture, Chatuchak, Bangkok, 10900 Thailand. 
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Usually, after 2-3 years of testing in FPR trials farmers had dec ided on the most suitable 
practices. Project staff then helped thc farmers find the necessary varieties or other inputs like 
appropriate fertilizcrs to implement the selccted technologies on thcir fields. 

To enhance the further dissemination of those selected practices, the project used severa! 
FPE melhodologies. such as organizing cross-visits of farmers from one village to another; field 
days, either during the crop cycle or at harvest; FPR training courses for farmcrs and local extension 
workers; and in somc cases the setting up of community-based sclf-help groups, in Thailand called 
"Cassava Developmcnt Vi llages". The implementation of the project was greatly facilitated by 
working with thesc a lready organized groups rather than with individual farmers. In addition, the 
project madc a video/CD about the FPR approach in Thailand and published severa( FPR manuals 
and extension booklcts about erosion control and other improved practices in the various local 
languages. 

l. I NTRODUCTION 

1.1 Cassava in Upland Farming Systems in Asia 
During the past two decades, the standard of urban living in Southeast Asían 

countries has progrcsscd rapidly, while that of the rural community has lagged behind. 
Tbis is particularly true in areas that are marginal for crop production. These areas tend to 
have constra ints, such as acid infcrtile soils, a long dry season, and steep slopes that 
exacerbate thc problem of soil erosion. Under these conditions cassava is a popular crop 
because it will tolcrate long periods of drought and produce reasonable yields on soils too 
acid or infertile to sustain the growth of other food crops. Moreover, in Asia cassava does 
not suffer from any serious diseases or insect pests and thus requires no pesticides or other 
purchased inputs with the possible exception of ferti lizers. Cassava is an ideal crop for 
poor farmers becausc it can produce both human food and animal feed with the expenditure 
on ly of family labor. Thus, cassava can be an importan! food securi ty crop, a source of 
in come i f fed to pigs or so ld for the production of an imal feed or starch. 

In many countries in Asia, cassava has a lready been transformed from a 
subsistence to an industrial crop, a trend that is likely to continue. This change has 
benefited not only cassava farmers but also small-scale proccssors, traders and consumers. 
In sorne countries. particularly Thailand, cassava has become an important sourcc of 
foreign exchange. 

Cassava is seldom grown as the only crop in the farming system. lt is mainly 
grown in monoculture in Thailand, but is usually intercropped with upland rice, maizc and 
grain legumes in Indonesia, with maize or peanut in Vietnam, China, and the Philippines, 
or under coconut palms in India, Philippines and Indonesia. I n northem Vietnam and 
southem China cassava roots are the principal ingredient for on-farm pig feeding, proceeds 
from which constitutes the farmer 's main source of cash income. Manure from pigs can be 
retumed to ficlds for maintaining soil productivity. 

Govemments in Asia recognize the important role cassava plays in food security 
and in the alleviation o f poverty. Still, there remains a perception that the crop depletes soil 
nutrients and is a cause of erosion. Rcsearch has shown, however that cassava extracts less 
nutrients from the soil than most other food crops (Howeler, 199 1 ). Nevertheless, when the 
crop is grown continuously on the same land without inputs of manure or fertilizers, soil 
nutrients will evcntua!!y be depleted and productivity wi!l decline, as is true for a ll crops. In 
some areas the problem is alleviated by bush-fallow rotations, but where such rotations are 
not possible, farmers need to apply animal or green manures, or chemical ferti lizers to 
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maintain yie ld . Soils are mainly susceptible to crosion during the initial stage o f the crop 
before the canopy closes and rain impacts directly on the soil (Putthaeharoen et al., 1998). 

1.2 lnstitutional Support for Cassava Research and Development 
C IA T holds the world's largest collection of ca sava gem1plasm, which forms the 

basis for a comprehensive breeding program. New varicties w ith higher yie ld potential, 
higher starch content, improved plant type, and greater resistance to pests and disease , 
have been developed. Since 1983 , the CIAT Cassava program in Asia has worked with 
national cassava breeding programs selecting from clones and sex ual seed trans ferred from 
CIA T, and crossing these for better local adaptation. Thirty eight cassava varieties 
containing genetic materia l from C IA T ha ve now been released in Asia. These are grown 
on about 1,250,000 ha (35% of total cassava area) . Similarly, there has been an acti ve and 
collaborat ive research program on the crop 's nutrient requircments, fertilization and soil 
management. 

Most countries in Southeast Asia now have an active cassava research program 
with many of the staff having received training at C IA T in Co lombia. These scientists 
formed an Asian Cassava Research etwork, which organizes workshops, determines 
research priorities and distributes funds for collaborative research. In most countries 
research is not c losely integrated with extens ion ac tivities. except in Thailand which has an 
exten ion service for cassava and also a prívate sector organ ization, the Thai Tapioca 
Development lnstitute, which trains farmcrs in production practices and produces and 
distributes planting material ofhigh-yielding varieties (Vankaew el al., 2008). 

1.3 Farmer lnvolvement in Developing Sustainable Cassava Production Systems 
Research has shown that nutrient depletion and erosion can be serious problems 

when cassava is grown as a monocrop on infertile soils and on s loping land. Judicious 
application of manure or chemical fertilizcrs will permit continuous cassava production at 
high levels of yield without soil nutrient depletion (Howeler, 1996). Similarly, soil and 
crop management practices have been developed that will minimize erosion w hen cassava 
is grown on s lopes (Howeler, 1987, 1994, 1995, 1998a , 1998b; Kawano and Howeler, 
1997). These practices include minimal land preparation, contour ridging. ferti lizer 
application, mulching, intercropping, and vegetative contour barriers to reduce runoff and 
enhance deposition of suspended soil behind these barriers. While most of thcse practices 
are effective in reduc ing erosion, they are not widely adopted by farmers because they 
require monetary or labor inputs and do not necessari ly provide short-term benefits in terms 
of higher yields or incomes. 

lt was concluded that farmer adoption of soil conservation practices can only be 
achieved if technologies are developed and adapted together w ith fam1ers, taking into 
account farmers' specific needs and conditions, any short-tenn bene fits to the farmer, and 
long-term benefits to society (Ashby el al. , 1987; Fujisaka, 1991 ). Thus, in 1994, a new 
approach to the development of sustainable cassava production practices was initiated 
through a farmer participatory research (FPR) project " lmproving the Sustainability of 
Cassava-based Production Systems in Asia" funded by the Nippon Foundation in Japan. 

The advantage of the FPR approach is that when fam1ers. researchers. and 
extension staff work together developing ncw varicties and production pract ices, they are 
more likely to do rc levant research reflecting farmers' needs and priorities and develop 
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successful technologics. Farmers bcnefit from better access to information and planting 
materials of new varieties. Other farmers benefit from new technologies disseminated 
directly by other farmers (farmer-to-farmer extension). When fanners are empowered to 
make their own decisions and do their own experiments, they will innovate to improve their 
conditions. 

2. FIRST PHASE OF THE NIPPON FOUNDATION PROJECT (1994-1998) 

2.1 Activities and Outputs 
The first phase of the Nippon foundation funded FPR project was conducted from 

1994 to 1998 by CIA T in collaboration with national research and cxtension organizations 
in Thailand. Vietnam, Indonesia and China. Characteristics of thc si tes and details of trials 
conducted have becn reported (CIA T, 1994, 1995, 1996 and 1997; Howeler, 1998c). 
Farmcrs in pilot sitcs sclected and tcsted options for soil conservation that they had seen in 
demonstration plots. Aftcr 2-3 years of testing they generally selected one or two practices 
that were most effective in controlling erosion. They also selected and multiplied new 
cassava varieties, and tested new intercropping systems and fertilization practices. By 1997 
participating farmers began adopting practices such as contour ridging or contour 
hedgerows of vetiver grass, Tephrosia candida or Gliricidia sepium in thcir fields. In 
1998, more participating farmers as well as neighbors and neighboring communities were 
adopting these well-adaptcd and uscful new tcchnologies. Thus. a sound basis had been 
established to widely disseminate these technologies. 

2.2 A Practica) Model of Farmer Participatory Research (FPR) 
Thc FPR approach was testcd with various modifications in the tour countries. The 

basic approach is that researchers and extension staff work with fanners at the village leve! 
to diagnose farmers' needs and plan research that addresses those needs. In Phase 1, this 
research has usually been based on treatments farmers had seen in demonstration plots. 
Farmers decide on the types of trials and select thc treatments of most interest to them. 
Farmers conduct the FPR trials with help from rcsearchers or extcnsion staff. Thc results 
are evaluated through participatory methods, discussed, and trials are continucd or new 
trials planncd until farmers have identified the best solutions to their needs. Farmers then 
extend thesc practices to the rest of their fields, making adjustments until the technologies 
are appropriate for larger areas. Incentives are kcpt toa minimum; farmers do the research 
for their own benefit and they themsclves become the owners of the technology. In the 
futurc. these experienced farmers will become a valuable resource in the transfer of new 
technologies to other farmers and communities. 

2.3 Training 
An essential feature of FPR is that researchers and extension workers acccpt and 

feel comfortable with the approach. In 1994 an introductory coursc on FPR methodologies 
was held in Thailand for project researchers and cxtension staff of the four countries. In 
1997 and 1998, in-country Training-of-Trainers courses in FPR were held in each of thc 
four countries. A total of 127 researchers and cxtcnsion staff were trained and given 
practice in FPR methodologies (Howeler, 2007a). 
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2.4 Production practices tested and selected by farmers 
During thc 1 '1 phase of the projcct a total of 495 FPR trials were conducted by 

farmers in thc four countries (Howeler. 2007a). Most farmers liked to test new varicties, 
rcsulting in 163 FPR variety trials; in addition, farmcrs conducted 191 erosion control 
trials, 106 fcrtilizer trials and 35 intercropping trials. 

Usually, improved crop management practiccs evaluated in FPR trials resulted in 
clear economic and environmental benefits as illustrated by the example shown in Table l . 

Table l. Effect of crop management on soilloss, yicld of cassava and intcrcropped peanut, gross 
and nct income and farmcrs prefercncc. Trials conducted by six farmers in Kieu Tung 
village, Thanh Ba district, Phu Tho provincc, Vietnam, in 1997. 

Dry soil Yield (t!ha) Gross Product. Nct 
Treatments 11 loss income~1 costs incomc Fanners' 

(tlha) Cassava Peanut -{mi Ilion dong/ha}- ranking 
l. C monoculture. no fertilizers. no hedgerows (TP) 106 19 9.6 3.7 5.9 
2. Cassava (C) + peanut (P). no fertilizers, no hedgerows 104 13 0.70 10.0 5. 1 4.9 
3. C+P, with fcrtilizers, no hedgerows 65 19 0.97 14.5 6.0 8.5 
4. C+P. with fertilizers, Tephrosia hedgerows 40 15 0.85 11.6 6.0 5.6 
5. C+P, with ferti lizers, pineapple hedgerows 32 19 0.97 14.6 6.0 8.6 
6. C+P. with fertilizers, vetiver hedgerows 32 24 0.85 16.1 6.0 10.1 
7. C monoculture, with fertilizers, Tee.hrosia hed~erows 32 23 11.7 4 .5 7.2 
11 Fertilizers ~ 60 N+40 P20~..- 120 K~O: all p lots reccivcd 1 O t pig manurclha; TP = fanner traditional practicc 
~~ Prices: cassava: dong 500/kg fresh roots: peanut: dong 5000/kg dry pods (IUSS = approx. 13,000 dong) 

App lication of fert ilizers, cspecially those high in N and K and low in P, with or 
without farmyard manure, produced high cconomic retums. The more vigorous growth 
obtained with ferti lizer application also reduced erosion. In general, intercropping with 
pcanut produced the highest net income, except in vcry dry arcas ofThailand and East-Java 
of Indonesia, where mungbean or maize were thc prefcrred intercrops, respectively. 
lntercropping with peanut was also effective in reducing erosion. However, the most 
effecti ve practice in reducing erosion at most sites was the use of contour hedgerows of 
vetiver grass. Further, the grass did not compete much with nearby cassava plants. 

The results of these FPR trials have been rcported in more detail in the C IA T 
Annual Rcports for 1994, 1995, 1996, 1997 and 1998; in the Progress Reports to the 
Nippon Foundation, as well as in various reports prcscnted at the 61

h Regional Cassava 
Workshop held in Ho Chi Minh c ity, Vietnam in Fcbruary, 2000 (Howeler, 2001 ), and at 
the 71

h Regional Workshop held in Bangkok, Thai land in October, 2002 (Howeler, 2007a). 
Thc sclection of soil conservation practiccs is highly site-specific and depends on 

particular local conditions and farmers ' traditional practiccs. Practiccs modified by farmers 
to their own conditions are more likely to be adopted. Thus, at thc end of the 1"1 phase of 
the project sorne farmcrs had started to adopt new varieties, improved fert ilization. erosion 
control practices (where needed) and intercropping ( ll owcler, 2001 ). 

6 
5 

3 
2 

4 
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3. SECOND PHASE OF THE NIPPON FOUNDATION PROJECT (1999-2003) 

3.1 Project Goal and Purpose 
The long-term goal is to increase the living standards of small farmers and to 

improve agricultura! sustainability in less favored arcas of Asia by improving the 
productivity and stability of farming systems where cassava is an important crop. 

The project purpose is to dcvelop, togcther wi th fanners, efficient and effective 
integrated crop and soil management practices that optimize fann productivity and 
contribute to the sustainability of cassava-based cropping systcms. 

3.2 Specific Objectives 
i) To develop, with fanners, improved crop management practices that increase 

productivity and maintain the soil resource in smallholder fanns where cassava is a 
principal crop, 

ii) To disseminate new technologies at the local, provincial, national and international 
lcvels. 

iii) To support nat ional institutions in conducting strategic and applied research in 
cassava production that will overcome constraints identified at the farm leve!, 

iv) To explore and test new and innovative FPR methodologies for technology 
dcvelopment and dissemination that are suited to special needs and conditions in 
cach Jocation, 

v) To strengthen the fanner partici patory research capacity in national institutions and 
in selected farming communities, and 

vi) To develop procedures for monitoring the impact of new technologics developed 
through FPR. 

These objectives are inter-related and have been pursued concurrently. 

3.3 Methodology and Principal Activities 
The methodology used in Phase li of the project basically followed that used in 

Phase 1, but with greater diversity of FPR approaches to match needs. As the project 
progresscd. increasingly greater emphasis was givcn to the dissemination and adoption of 
improved soil managemcnt practiccs to other farmers, to strengthening of national 
institutions in participatory approaches to technology development, in order to achieve 
widespread adoption of improved varieties and production prac tices. This in turn would 
lead to increased yields and income, thus improving the living standards of farmers. 

Partners 
As in the first phase, the second phase of the project was coordinated by the CIA T

Bangkok office and implemented in collaboration with national research and extension 
institutions. The Nippon Foundation had suggested to Jimit the number of countries involved 
to Thailand and Vietnam - mainly beca use of their greater institutional capacity - but agreed 
to the more limited involvement of China. In Indonesia only a small number of long-tenn 
research trials were conducted in two locations, but no FPR activities were continued. Table 
2 shows the countries and institutions that participated in the first and second phase of the 
project. In the second phase this included three research institutes in Hainan (CATAS), 
Guangxi (GSCRJ) and Yunnan (AHVSY) provinces ofChina; in Thailand this included three 
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research (DOA and LDD) and extcnsion (DOAE) institutes, one university (KU). and the 
semi-private Thai Tapioca Development lnstitutc (TTDI). In Vietnam this included three 
universities (TNUAF. HUAF and AFUrfD) and three research organizations (VASI, NISF 
and lAS). Appendix 1 shows the names ofthe principal collaborators in the project. 

Jn China and Vietnam each institution conducted sorne research as well as FPR and 
FPE activities in an area not too far from their own institute; this was usually done in 
collaboration with district (county) or subdistrict officia ls and extensionists (in China, the 
Bureau ofScience and Tcchnology at provincial, district or county levcl). 

Table 2. 1 nstitutions colla bora ting with C IA T in the first and second phase of the Nippon 
Founda tion project . 

1" Phase 2" Phasc 
Country-Province Institution Research FPR Research FPR FPE 
China - Hainan CATAS ,/ ,/ ,/ ,/ ,/ 

- Guangxi GSCRI ,/ ,/ ,/ 

- Guangdong UCRl ,/ 

- Yunnan AHVSY ,/ ,/ 

Indonesia -E-Java UNIBRAW ,/ ,/ 

- E-Jave RILET ,/ 

-W. Java CRIFC ,/ 

Philippines- Leyte PRCRTC ,/ 

- Bohol BES ,/ 

Thailand - Rayong FC Rl/DOA ,/ ,/ ,/ ,/ ,/ 

- Bangkok FCPD/DOAE ,/ ,/ ,/ 

- Bangkok Kasetsart Univ. ,/ ,/ 

- Bangkok SWCD/LDD ,/ ,/ 

- Korat TTDI ,/ ,/ ,/ 

Vietnam - Thai guyen HUAF ,/ ,/ ,/ ,/ 

- Hanoi NISF ,/ ,/ ,/ 

- Hanoi VASI ,/ ,/ 

- Hue HUAF ,/ ,/ ,/ 

- Ho Chi Minh lAS ,/ ,/ ,/ 

- Ho Chi Minh AFUffD ,/ ,/ 

Jn Thailand, thc rcsearch was generally conducted by the Dcpartment of Agriculture 
(DOA) and Kasetsart University (KU), while the FPR and FPE as well as the training courses 
were conducted mainly by the Department of Agric. Extension (DOAE) in collaboration with 
DOA and lTDI; the Land Developmcnt Department became actively involved in the project 
only in the last two years, conducting FPR trials in three sites; it was earlier involved in 
supplying vetiver grass plants to participating farmers and in teaching a special coursc for key 
farmers and extension workcrs on thc multip lication and managcment of vetiver grass. T hus, 
each institution contributed according to their own mandate and expertise, but frequent 
interaction of researchers and extension workers from various institutions greatly enhanced 
interinstitutional collaboration. 

Planning and implemefltation 
Evcry year before the start of the ra iny season, planning meetings were held in each 
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of the threc countries to review the previous year's results and decide how the project would 
be implemented. by which institution, where and when. Similarly, the training eourses and 
field days would be planned whenever possible. These meetings were usually chaired by the 
country coordinators, i.e. Dr. Tran Ngoc Ngoan in Vietnam, and Mr. Preecha Suriyaphan 
( 1999-2000) and Mr. Watana Watananonta (200 1-2003) in Thailand; they coordinated the 
importan! activities among the various institutes in their country and organized the training 
courses. Tables 3, 4 and 5 show the various activities and sites where the project was 
implemented from 1999 lo 2003 in China, Thailand and Vietnam, respectively, while Tables 
6, 7 and 8 show the details and exact loeation of each project si te, while Figure 1 shows their 
location on a map. In generaL the number of training courses and the number of sites where 
the projcct was implemented far exceeded those deemed possible at the beginning of the 
project. For instance, the total number of project si tes planned in 1999, to be implemented by 
2003. was 15 si tes in Thailand and 16 sites in Vietnam (Tab1es 2 and 3 of 1st year's Activities 
Report), while in reality the project managed to extend to 33 sites in Thailand and 34 sites in 
Vietnam (Tables 7 and 8). This increased activity was possible because of the excellent 
collaboration of researchers and extensionists in the national institutions, as well as the active 
and enthusiastic involvement of officials and extensionists at provincial, district and 
subdistrict (or commune) levels. Moreover, local officials and fam1ers from neighboring 
villages or districts participating in the field days often requested to become involved in the 
project during the following year. Thus, the number of project si tes snowballed way beyond 
what was originally considered possible. In many cases, the national govemment (in 
Thailand) and provincial or district govemments (in China and Vietnam) provided additional 
funds to contribute to the implementation of specific parts of the project. 

3.4 Devclopment of lnterinstitutional and Farmer Participatory Model. 
The fanner participatory approach used in the first phase of the project, and with 

minor modifications continued in the second phase, can be visual ized by the conceptual 
framework shown in Figure 2. lt depicts how researchers, extensionist and fanners work 
together to develop new technologies. test these out with farmers to select the best practices 
to be adopted. However, the inputs of researchers diminish and those of fanners increase 
as one moves around the circ1e from strategic and applied research at the top right through 
farmer testing to adoption at the top left. The extensionist play a crucial bridging role 
between researchers and fanners which continues throughout the process, from prob1em 
identification, devclopment of technical components, testing with fanners, selecting and 
scaling-up to dissemination and adoption. In most activities all actors play a role, but in 
different capacities and at different leve1s of involvement. Researchers tend to contribute 
their specialized knowledge about soi1s and crops, extensionists have special 
communication skills and can fit technology components into the local farming system, 
while farmers contribute mainly with their knowledge of fanning practices and local 
conditions as well as their keen awareness of the economic consequenees of various 
technology options. The knowlcdge and experience of all participants complement each 
other to work together towards achieving a comrnon goal. 

A more detailed model, specific to this project and developed during the first 
phase, is shown in Figure 3 . lt shows the various steps in the process. During the first 
phase, most activities centered around the right si de of the c irc1e, i.e. problem identification 
and Farmer Participatory Researeh (FPR). During the second phase of the project the 
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emphasis gradual ly shifted from FPR to Farmer Participatory Extens ion (FPE) in order to 
reach more farmers and achieve widespread adoption of new varieties and improved 
practices. These two components, roughly corresponding to the right and the left side of 
the circle in Figure 3, are part of the same continuum, oftcn called Farmcr Participatory 
Technology Development and Dissemination (FPTDD). This model is particularly useful 
for testing new technologies such as varieties, fert ilization, erosion control practices etc. 
While sorne technologies can be demonstrated an<llor visually evaluated in the field (such 
as different varieties or pasture species) it seems that farmers are most convinced of the 
usefulncss of a new technology when they actually do an FPR tria! on their own fields, 
comparing various new options against their traditional practice. At time of harvest they 
can measure yields (and soil losses in erosion control trials) and calculate production costs, 
gross income and net income for each treatment. Thc informal testing and visual 
evaluation of various altemative options, u sed in 1998-2000 in severa! si tes in Vietnam and 
Thailand, was found to be less effective in convincing farmers than the more formal testing 
in small plots in FPR trials. Thus, from 2000 to 2003 the methodology commonly used and 
found to be most effective more or less followed the model shown in Figure 3; it consists 
ofthe following steps: 

Table 3. lmplementation of the Nippon Foundation project in China, 1999-2003. 

RRA in new sites 
Demonstration plots 
FPR in pilot sitcs 11 

Adoption in pi lot sitcs 
FPE 
Training of officials 
Training of cxtcnsionists 
Training of farmers 

Workshops 

1999 

CATAS 
Baisha 

2000 

CATAS 
Baisha 

Taiping 

2 
/ 

Fcb 
Ho Chi Minh 

i) Total 32 pilot sites in 2003: only the counties shown. 

2001 

2 
CATAS 
Baisha 

Q iongzhong 
Tunchang 

Taiping 
Ningwu 

8 
/ 

/ 

/ 

2002 

o 
CATAS 
Danz hou 

Baisha 
Changjiang 
Qiongzhong 
Tunchang 
Yongning 
Fangcheng 
Wuming 
Pingguo 

llcngxian 
Lingchuang 

Qinzhou 
Binyang 
Liuzhou 
Pingbian 

Yuangyang 

15 
/ 

/ 

Nov. 
Bangkok 

2003 

o 
CATAS 
Danzhou 
Baisha 

Changj iang 
Qiongzhong 
Tunchang 
Chcnmai 

Wenchang 
Yo ngning 
Wuming 
Binyang 

Hengxian 
Pingguo 
Linzhou 

Lingchuan 
Fangchcng 
Qinzhou 
Pingbian 

Yuangyang 
18 
/ 

/ 

/ 

Oct 
Thai Nguyen 
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Tablc 4. Implcmentation ofthe Nippon Foundation projcct in T hailand, 1999-2003. 

1999 2000 2001 2002 2003 
RRA in new sites 2 7 5 2 o 
Demonstration plots TIDI+KHS KHS TI DI TTDI TTDI 
FPR in pilot s ites 11 Sahatsakhan Daan Khun Thot Daan Khun Thot Daan Khun Thot Huay Phueng 

Sanaam Chaikhet Theparak Theparak Khonburi Phoo Chai 
Sanaam Chaikhet Soeng Saang Naadii Khonburi 

Naadii Naadii Naamon Bo Thong 
Ka las in Don Chaan Baan Poong 

Nong Kungsri Huay Phueng Sai Yook 
Sahatsakhan Khanuwaralak 
Thaa Takiab -buri 

Khanuwaralak-buri Thep Sathit 
Thep Sathit Law Khwan 
Law Khwan 

Adoption in pilot sites 2 12 20 23 26 

FPE / / / / 

Training of officia ls / / 

Training of extensionists / / / 

Training of farmers / / / 

Workshops Feb. Nov. Oct 
Ho Chi Minh Ban~kok Thai Ngu~en 

D Total 33 pilot sites in 2003; only the districts shown. 

l. Select suitable areas for new pilot sites 
2. Discuss the project with local officials (often at the provincial, district and 

subdistrict levels) and village leaders 
3. Conduct Rapid Rural Appraisals (RRA) to obtain inforrnation and select the most 

suitable site(s) 
4. Discuss detai ls of the project with farmers in the selected village 
5. Take interested farmers to see demonstration plots and/or on a cross-site visit to a 

village that had already participated in the project and adopted sorne technologies 
6. Discuss with interested farrners the technology components as well as specific 

treatments they want to test 
7. Help farrners stake out the trials and establish the various treatments 
8. Farmers maintain the trials, while project personnel visit regularly to salve 

problems, give encouragement, and take measurements 
9. At time of harvest, organize a fie ld day for participating and non-participating 

farmers and extension workers. Usually, on the day befare the field day, 
participating farrners and project staff harvest the central part of each plot, leaving 
the harvested roots with a sign indicating the calculated yields in each plot. During 
the field day, farmers visit a ll trials and evaluate every treatment. Later in the day, 
the average results of each type of tria! are presented and discussed, after which 
farmers indicate their preference for a particular treatment by the raising ofhands 

1 O. The preferred treatments may be retested in FPR trials the following year or tried 
out on small areas of their production fie lds 
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11. After making sorne adaptations, if necessary, the selccted practice can be scaled up 
to largcr areas, and the knowledge and cxpericnce with thc ncw technology can be 
disseminated to others during field days, cross-visits or informal talks with 
neighbors 

12. Once a new variety or improved practice is identified, local officials can help to 
obtain and distribute thc necessary planting material of new cassava varieties or 
hedgerow species or help farmers obtain the most effective fertilizers. 

Table 5. lmplementation of the Nippon Foundation project in Vietnam, 1999-2003. 

1999 2000 2001 2002 2003 
RRA in new sites 7 3 6 o o 
Demonstration plots AFCtTNU AFCtTNU AFC'TNU 

Hung Loe Hung Loe 
FPR in pilot sites 11 Pho Yen Pho Yen Pho Yen Pho Yen Pho Yen 

Luong Son Son Duong Son Duong Son Duong Phu Luong 
Thanh Ba Luong Son Van Yen Van Yen Na Ri 

Thanh Ba Luong Son Luong Son Son Duong 
Phu Ninh Thanh Ba Thanh Ba Luong Son 

Thaeh That Phu Ninh Phu Ninh Van Yen 
Chuong My Thaeh That Thaeh That Yen Chau 

A Luoi Chuong M y Chuong My Thanh Ba 
Thong Nhat A Luoi Nhu Xuan Phu Ninh 
Phuoe Long Nam Dong A Luoi Thach That 
Chau Duc Huong Tra Nam Dong Chuong My 

Thong Nhat Huong Tra Lac Son 
Phuoc Long Thong Nhat Nhu Xuan 
Chau Duc Phuoc Long A Luoi 

Chau Duc Nam Dong 
Huong Tra 

Thong Nhat 
Dong Phu 

Chan Thanh 
Chau Duc 

Adoption in pilot sites 4 14 21 25 28 
FPE ./ ./ ./ ./ 

Training of offieials ./ 

Training of extensionists ./ ./ ./ 

Training of farmers ./ ./ ./ 

Workshops Feb Nov Oet 
Ho Chi Minh Bangkok Thai Nguyen 

11 Total 34 pilot sites in 2003; only the districts shown. 
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Table 6. Location of FPR si tes of the Nippon Foundation cassava project in China in 2003. 

Province City · District County Town Vi llage 

l. llainan Wenchang Fcnglai Shigou 
2. Chenmai Bai Lian Ban 
3. Danzhou Baodao Xincun 
4. Danzhou Nada Nada 
5. Baisha Qifang Kongba 
6. Baisha Qifang Tapuling 
7. Baisha Fu long Wcntou 
8. Baisha Yuanmen Yuanmcn 
9. Changj iang Shtyctian Shiyetian 

10. Qiongzhong Qiongtao Laocun 
11. Qiongzhong Qiongtao Lingtou 
12. Qiongzhong Songtao new Songtao 
13. Tunchang Nankun Nanlao 
14. Tunchang Nankun Lingtao 
15. Guangxi Nanning city Yongning Shanxu Shanyi 
16. Yongning Suxu Longed 
17. Yongning Tanluo 
18. Wuming Qinglc 
19. Wuming Taiping Xinghan 
20. Wuming Wuchuan Xiawang 
21. Binyang Zouxu Zouxu 
22. Binyang Gula Dahe 
23. Binyang Luxu Luxu 
24. Nanning district Hengxian Maling Lintou 
25. Bosc district Pingguo Yalong 
26. Pingguo Bangxu Zhouxu 
27. Ltuzhou city Liuzhou Luorong Luorong 
28. Guilin dtstrict Lingchuan Daxu Wulin 
29. Fangchcng city Fangchcng Pingwang l-lcngguo 
30. Qinzhou dtstrict Qinzhou Luwu Pingtou 
31. Yunnan Mcngzhi district Pingbian Bcihc Lahlli BcisiLat 
32. Mcngzhi district Yuangyang Xincheng Dafengya 

Sorne of thesc activities are described in more detail below: 
a. Rapid Rural Appraisals (RRA) 

Coordinatcs 
N E 

19°31'30" 110°36'36" 
19 51'22" 110°08'40" 
19 30 108°30 
19°30 108°30 
19° 17'03" 109°14'1 2" 
19°17 109°14 

19°17 108°55 

19°22'45" 109°40'44" 
19°15'49" 109°53'40" 

22°39' 17" 108° 13'35" 
22°39 108° 13 
22°56'47" 107°50'31" 
23°09'02" 108°24'55" 
23°09 108°24 
23°09 108°24 
::!3°21 '52" 108°53'40" 
23°21 108°53 
23°2 1 108°53 
22°30 109° 10 
23°21'58" 1 07°33'37" 
23°2 1 107°33 
24°29'58" 109°34'40" 
25°30 110°25 
21 °45 108°:!0 
21 °55 108°30 
22°56'55" 103°48'37" 

Altitudc 
(masl) 
112 
83 

176 

153 
192 

153 

86 
132 

92 

179 

224 

532 

Thesc usual ly consisted of informal interviews o f a group of farmcrs (or focus 
groups) about the local situation, curren! production and utilization practices a well as 
main problems, their causes and possible solutions. This was oftcn supplementcd wi th onc
on-one interviews with farmers in their fie lds to confirm the information obtained in the 
focus groups. 

Tables 9 and 10 show sorne of the information obtaincd in pilo! si tes in Thailand 
and Vietnam, respccti vely, while Tables 11 , 12 and 13 show more detailed data collccted 
during RRAs in Thai land. Through these interviews thc rescarchers and extension staff 
became more aware of the local production practiccs, the environmental and socio
economic conditions, as well as the problcms and constraints farmers face. 
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Table 7. Location of FPR pilot si tes of the Nippon Foundation cassava proj ect in Thailand in 2003. 

Coordinates 
Province District Subdistrict Villagc N E 

l. Kalasin Mueang Phuu Po Noon Sawan 16 37' 09" 103 35' 17" 
2. Mueang Khamin Khampla 16° 2 1' 02" 103°30 ' 45" 
3. Nongkungsri Nong Bua Khamsri 16° 41 ' 59" 103° 25 ' 26" 
4. Sahatsakhan Noonburi Noon Sawaat 16° 41 ' 5 1'' 103° 29' 75" 
5. Sahatsakhan Noon Nam Kliang Huai Suea Ten 16° 40' 12" 103° 32' 27" 
6. Sahatsakhan Noon Nam Kl iang Paa Kluai 16° 40 ' 05" 103°32' 72" 
7. Naamon Naamon Noon Thiang 16° 34 ' 02" 103° 46 ' 00" 
8. Huay Phueng Nikhom Huai Faa 16° 40' 85" 103° 52 , 90'' 
9. Don Chaan Dong Phayung Noon Kokchik 16° 24 ' 27" 103° 5 1, 09" 

10. Roy Et Phoochai Khampha-ung Phuu Khaw Thong 16°24 ' 19 " 103° 5 1' 01 '' 
11. Khamphaengphet Khanuwaralakburi Bo Tham Sii Yaek Ton sai 15° 56 ' 99° 41 ' 
12. Chayaphum Thep Sathit Naayaang Klak Khook Anu \ 5° 41 , 10 1° 32' 
13. Thep Sathit Huai Yaay Yiew Muu 17 15° 3 1, 20'' 101°25' 3 1" 
14. N. Ratchasima Thepharak Bueng Pruc Muu 8 15° 18' 41 '' 101°23 ' 36" 
15. Thepharak Bueng Prue Muu 3, 6 15° 11 , 34" 101°40 ' 75'' 
16. Sii Khii w Paang Lako Muu 1 15° 04' 49" 101°30' 35" 
17. Daan Khun Thot Baan Kaw Khut Dook 15° 11, 34" 101 ° 40' 94" 
18. Soeng Saang Noon Sombuun Sapphongphoot 14° 26 ' 102°21' 
19. Soeng Saang Sratakh ian Sratakhian 14° 23' 102° 28' 
20. Khonburi Tabackbaan Nong Phak Rai 14° 27' 83" 102°20 ' 77" 
2 1. Prachinburi Naadi Kaeng Dinso Aang Thong 14° 03'30" 101 ° 57' 54" 
22. Naadi Kaeng Dinso Khaw Khaat 14° 03' 101° 57' 
23. Chachoengsao Sanaam Chaíkhct Thung Phrayaa Thaa Chiwit Mai 
24. Thaa Takiap Khlong Takraw Nong Yai 
25. Thaa Takiap Khlong Takraw Thung Saai 
26. Thaa Takiap Khlong Takraw Sri Charocn Thong 
27. Sra Kaew Wang Sombuun Wang Sombuun Klong Ruam 13°2 1' 5 1" 102° 09 ' 04" 
28. Chonburi Bo Thong Kasct Suwan Khun Chamnaan 13°22' 12" 101° 30 ' 35" 
29. Bo Thong Kasct Suwan Aang Kraphong 
30. Bo Thong Kaset Suwan Khlong Pling 
31. Ratchaburi Baan Poong Khaw Khalung Poong Yo 13° 50 ' 52" 99° 41 , 32'' 
32. Kanchanaburi Law Khwan Thung Krabam Nong Kae 14° 40' 99° 46' 
33. Sai Yook Sai Yook Dauw Dueng 14° 28' 36' ' 98° 50 ' 11 " 

Total 11 22 26 33 

b. Demonstration plots 
Once the locations of the new project sites were decided, researchers would 

establish a demonstration tria! in an experiment station or other suitable location not too far 
from these si tes. Most of these trials showed many different production practices that may 
affect yield as well as erosion. The erosion control trials had to be laid out a long the 
contour of a uniform slope. A long the \ower sidc of each plot a trench was dug, about 40 
cm wide and 40 cm deep, and covered with plastic as shown in Figure 4. Little holes madc 
in the plastic allowed runoff water to seep away, while eroded soil sediments remained on 
thc plastic at the bottom of the trench, and could be collected and weighed at 3-4 month 
intervals during the crop cycle. A sample o f the wet sediments would be weighed, dried 
and weighed again to determine its water content and from that the amount of dry soil 
lossed by erosion could be calculated for each treatment. 

Altitude 
(mas!) 

190 
19 1 
209 

23 1 

224 

302 
129 

337 
337 

65 

164 
93 

52 

65 
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Tablc 8. Location of FPR pilot si tes of thc Nippon Foundation cassava projcct in Vietnam in 2003. 

Provincc District Commune Village Coordinates Altitudc 

N E (masl) 

l. Thai Nguyen Pho Yen Tien Phong 21° 24' 57" 105° 54 ' 30" 21 
2. Pho Yen Dae Son 21 o 24, 24, 1 05° 51 ' 3 1 , 18 
3. Pho Yen Minh Duc 21°26' 19'' 105° 48' 37" 25 
4. Hong Ticn 2 1° 25' 55" 105° 52' 33" 16 
5. Phu Luong Yen Do 21° 47'46" 105° 42'47" RO 
6. Bac Can Na Ri Hao Nghia 22° 06' 24'' 106° OS' 16" 314 
7. Tuyen Quang Son Duong Thuong Am Am Thong 21°44'44" 105° 18' 46" 40 
8. Son Duong Thuong Am Hong Tíen 2 1° 43' 24'' 105° 19' 10" 75 
9. Yen Bai Van Yen Mau Dong 2 1° 54' 44'' 104° 38' 45" 38 

10. Van Yen Yen Hung 
11. Van Yen Mau A 2 1° 52' 39" 104° 41 , 17" 49 
12. Van Yen An Binh 22° DO' 36" 104°34'48" 143 
13. Son La Yen Chau 
14. Phu Tho Thanh Ba Phuong Linh Kieu Tung 21° 29' 05" 105° 06' 55" 31 
15. Phu Ninh Thong Nhat Phu Ho 21°26' 28'' 105° 16' 32" 30 
16. Phu Ninh Bao Thanh 21° 27' 31 " 105° 17' 25" 35 
17. Ha Tay Thach That Thach Hoa 20° 59' 08'' 105° 31' 34" 24 
18. Chuong M y Tran Phu 20° 48' 42" 105° 39'40" 10 
19. Hoa Binh Luong Son Dong Rang 20° 57' 3 1" 105° 29' 46, 46 
20. Lac Son Suat Hoa 21°29'01" 105° 24' 37" 19 
2J. Lac Son Líen Vu Voi 
22. Thanh Hoa Nhu Xuan Yen Cat 19° 3 1' 59" 105° 26' 48" 139 
23. Nhu Xuan Bai Tranh 19° 27' 54" 105° 29' 30" 174 
24. Nhu Xuan l-loa Quy 19° 38' 22" 105° 24' 20" 105 
25. Thua Thien-Hue A Luoi f-luong Phuong 16° 10'02" 107° 18' 53" 563 
26. A Luoi Hong Ha 16° 17' 59" 107° 20' 04" 80 
27. Nam Dong Thuong Long 16° 06 ' 47" 107° 38' 53" 12 1 
28. Nam Dong l-luong l-loa 16° 09 ' 09" 107° 41' 54" 88 
29. Huong Tra f-luong Van 16° 30' 31" 107° 26' 20" 9 
30. Dong Nai Thong Nhat An Vien 10°52'46" 106° 59' 24" 46 
3 1. Binh Phuoc Dong Phu Dong Tam 11 °37' 17" 107° Ol' 40" 176 
32 . Chan Thanh Minh Lap 11° 30' 3411 106°45 1 4811 54 
33. Baria-Vungtau Chau Duc Suoi Rao 1 o0 35 · 1 s" 107° 201 02 11 32 
34. Chau Duc Son Binh 10° 38' 1011 107°21 1 10 11 58 

c. Farmers evaluate and select most attractive optionsfrom demonstration plots 
Farmers from a new pilot site would visit these demonstration plots to select some 

treatments that were considered suitable. Each farmer received a sheet with a lay-out of the 
tria! and a brief discription of each treatment. The pros and cons of each treatment would 
be discussed in the fie ld and each farmer could score each treatment. Finally, the scores of 
all farmers were added up and those treatments that received the highest scores were further 
discussed to reach a consensus about the 4-5 most suitable treatments to be tested in FPR 
trials in the village. Tables 14 and 15 show examples of demonstration tria ls conducted in 
Thailand and Vietnam, respectively. The data in both tables show that contour hedgerows 
of vetiver grass is one of the most effective ways to reduce erosion, but that higher yields 
and income can often be obtained by intercropping or closer plant spacing. Table 1 S 
shows that fertilizer application can both increase yields and reduce erosion. Farmers 
visiting these plots often became aware of the seriousness of soil losses by erosion, and 
realized that many simple agronomic practices can effectively control erosion. Farmers, 
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however, selected mainly those practices that are effective, require litt le labor or other 
inputs, and fit well in their current production system. 

1! 

32 

IJ 14 1,7 

u is ¡6 

• 

• • 28 

'27 

Figure l . Location of FPRpilot si tes in China, Thailand and Vietnam in 

the Nippon Foundation cassava project in 2003. 
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Figure 2. Cun,·eptualfi·amewurk.fúr F'armer Participa ton• Technology De1•elopmenl anJ Di.uemination ( FPTDO) 
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Problem diagnosis 
with farmers 

Farmer Participation 
and Decision Making 

Farmers evaluate and 
select most suitable 
options/practices 

Researchers show technology 
options in FPR 

demonstration plots 

Farmers test these options 
in FPR trials on 
their own fields 

Figure 3. Farmer partiópat01y model usedfor the devefopment ofsustainable 
cassava-based cropping systems in Asia. 

3.5 Development of Sustainable Soil/Crop Management Practices 

Once back in the village, the project staff asked who would be interested in 
conducting FPR trials and what technology components should be tested. Many farmers 
were interested in testing new varieties as a way of obtaining planting material; others may 
volunteer to do fertilizer, manure or green manuring trials, while those having sloping land 
may be interested in conducting erosion control trials. In addition, farmers in some sites 
liked to test different intercrops or different ways of intercropping, while in other si tes they 
wanted to test plant spacing, weed control or even pig feeding with different rations of dry 
and ensiled cassava roots or leaves. 

Besides choosing the technology components, farmers and project staff also 
discussed the specific treatments to be tested, usually 4-5 new technologies and the 
traditional farmer's practice. Without imposing their own ideas, project staff has to guide 
farmers towards the right selection of treatments; if farmers select treatments in which more 
than one factor changes between trcatments the final results may be impossible to interpret 
as the change in yield can not be attr\buted to any one factor. This has been a weak point in 
many FPR trials where farmers selected their own treatments, or where they made changes 
during the crop cycle. 
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Table 9. Characteristics of selected pilot sites for conducting FPR in Thailand in 2000. 

Village Kutdook Yi llage 3, 6 Noon Sawaat Noon Sawan Khamsii Aang Thong 
District Daan Khun Thod Tceharak Sahatsakhan Mucang Nong Kungsri i Naadii 
Province Nakom Rachasima Nakorn Rachasima Kalasin Kalasin Kalasin Prachinburi 
Latitude (0 N) 15° 15° 17() 17° 17° 14° 
Altitude (mas!) - 200 - 200 - 200 -200 - 180 - 180 

Rainfall (mrnlyr) 1200 1200 1250 1320 1220 1300 
Rainy season Apr-Nov Apr-Oct Apr-Sept March-Sept March-Oct May-Nov 
Mean temperature (0 C) 28-30 28-30 26-28 26-28 26-28 26-28 

Landscape rolling rolling rolling rolling ro lling rolling 
Soils 
-color/texture white white reddish white reddish white 

sandy 1oam sandy 1oam sandy 1oam sandy loam sandy loam sandy loam 
-fcrti lity low low low low low low 

Main crops cassava cassava cassava (75%) cassava (50%) cassava (95%) cassava 
rice rice rubber ( 19%) rice (50%) rice (5%) fruit trces 

maize maizc sugarcanc (6%) sugarcanc rice 
fruit trees fruit trees rice vegetables 

Farm size (ha) 
- total - - 5.8 5.9 2.3 3.2-4.8 
- cassava - - 2.4 2.9 1.8 

eropping system e monocrop e monocrop e monocrop e monocrop e monocrop e monocrop 
eassava yield (tlha) 19 19 25 31 2 1 23 
e assava utilization chips chips starch starch starch chips 

Varieties Rayong 5 KU 50 Rayong 90 Rayong 90 Rayong 90 KU 50 
KU 50 Rayong 5 KU 50 KU 50 KU 50 Ryong 90 

Planting time Febr+Nov Apri1+Nov May+Oct-Nov Aug-Oct March-May+Oct 
Prod. costs ($/ha) 260 270 2 15 322 220 309 
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Table 1 O. Characteristics of selected pilot si tes for conducting FPR in Vietnam in 2000. 

Village 
District 
Province 
Latitudc (~) 
Altitude (mas!) 

Rainfall (mm/yr) 
Rainy scason 
Mean temperature (0C) 

Landscapc 
Soils 

Main crops 

Fam1 size (ha) 
-total 
- cassava 

Cropping system 
Cassava yield (t/ha) 
Cassava utilization 

Thach Hoa 
Thach That 

Ha Ta~ 
2 1° 
- 50 

2000 
Apr-Oct 

16-29 

hilly 
clay loam 

rice 
cassava 

tea 
peanut 

0.90 
0.35 

e monocrop 
13-19 

pig feedf 
starch 

Phu 1-lo 
Phu Ninh 
Phu Tho 

22° 
- 100 

1800 
Apr-Nov 

16-30 

hilly 
clay loam 

rice 
cassava 
maize 
forest 

-
0. 16 

e monocrop 
11 

pig feed/ 
sale 

Thuong Am Hong Ha 
Son Duong A Luoi 
Tu~en ~uang Thua Thicn-Hue 

22 17° 
- lOO - 500 

- 1800 2900 
Apr-Nov Sept-Dec 

16-30 20-39 

hilly mountainous 
clay loam sandy clay loam 

rice cassava 
cassava sugarcane 

rice 
maizc 

0.43 0.63 
0. 14 0.32 

e monocrop e monocrop 
10 10 

pig feedl food 
sale 

Phu Rieng An Vien 
Phuoc Long Thong Nhat 
Binh Phuoc Dong Nai 

12° 11 ° 
- 30 -20 

- 2500 2000 
May-Oct May-Oct 

25-29 25-29 

mountainous rolling 
clay loam sandy loam 

rubber cashew 
cassava cassava 

rice fruits 
cassava 

e monocrop e monocrop 
20-25 15-20 
starch/ starch/ 

pig feed pig feed 
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Table JI. Results of RRAs conducted in nine ~ilot sites in Thailand in 1997-2000: General conditions. 

Village Kutdook Village 3 and 6 Noon Sawan Noon Sawaat Khamsii Huay Lueaten Paa Kluay Village 7and JI Thaa Chiwiit May 
Subdistrict Baan Kaw Bueng Prue Phuupo Noon Burii Nong Bua Noon Naam Kliang Noon Naam Kliang Kacng Dinso Thung Phayaa 
District Daan Khun Thot Thephaarak Mucang Sahatsakhan Nong Kungsii Sahatsakhan Sahatsakhan Naadii Sanaam C ha ikhet 
Province Nakorn Ratch. Nakorn Ratch. Kalasin Kalasin Kalasin Kalasin Kalasin Prachinburii Chachoengsao 
Year 2000 2000 2000 2000 2000 Nov'97 March'98 2000 Nov'98 
Land (%) 
-uplands 60 70 60 100 70 50-70 80 70 
-lowlands 40 30 40 o 30 30-50 20 30 

Upland soils 
-color/texture white sand white sand sandy loam sandy loam sandy loam sandy loarn sandy loam sandy loam gray clay 

undcrlain by underlain by sandy+laterite 
yellow clay ycllow clay 

·fertility low low low low low 

M a in crops (%) cassava cassava cassava(51) cassava (7 5) cassava (95) cassava cassava cassava cassava 
rice rice rice (48) rubber ( 19) rice (5) sugarcane rice fruit trees rice 
ma1ze maize sugarcane( 1) sugarcane (6) rice rice ma1ze 
fruit trees fruit trees rice peanut vegetables frui t trees 

Animals cattle cattlc cattle cattle cattle cattlc cattle ducks cattle 
buffalo buffalo pigs pigs pigs buffalo pigs chickens buffalo 
pigs pigs ducks ducks chickens ducks buffalo ducks/chickens 
chickens chickens chickcns chickcns/gccsc ducks chickcns ducks/chickens pigs 

Land ownership mostly owned mostly owned mostly owned mostly owned land deed 50% mm 5 

sorne rentcd sorne rcnted 8% rcnted some rcntcd user rights 50% 

Farm size(ha)-total 5.9-6.3 2.4-3.2 2.3 1.6-3.2 3.2-4.8 3.2-4.8 4-8 
-cassava 2.9-3.2 2.4 1.8 4.8 

Main problems no moncy eros ion no money eros ion low pricc low price no money 
erosion no money low yield low price eros ion low soi l fert. lack good var. 
la e k low yield low price lack Rayong72 ac id soil wccds decreasing 
knowlcdge nccd bctter eros ion low soil fcrtil. termitcs not timel y fertil ity 
on fertilizers variety planting fcrt ilizers 
low soil fcrtil. expensive 

Arca with erosion 56 6 1 60 85 7 1 40 
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Tablc 12. Rcsults of RRAs conductcd in ninc pilot sitcs in Thailand in 1997-2000: Cassava production practiccs and utilization. 

Villagc Kutdook Villagc 3 and 6 Noon Sawan Noon Sawaat Khamsii lluay Lucatcn Paa Kluay Village 7and 11 Thaa Chiwiit May 
Subdistnct Baan Kaw Bueng Pruc Phuupo Noon Burii Nong Bua Noon Naamk Kliang Noon Naam Kliang Kacng Donso Thung Phayaa 
Di>trict Daan Khun Thot Thephaarak Mucang Sahatsakhan Nong Kungsii Sahatsakhan Sahatsakhan Naadii Sanaam Chaikhct 
Province Nakom Ratch. Nakom Ratch. Kalasin Kalasin Kalasin Kalasin Kalasin Prachinburii Chachoengsao 
Ycar 2000 2000 2000 2000 2000 Nov'97 March'98 2000 Nov'98 
Varicllcs (0 o) Rayong 5 KU 50 (80) 

KU SO Rayong 5 (20) 

Planting time Feb+Nov Apr-Junc+Nov Aug-Oct May+Oct-Nov March-May t Oct Nov-Jan May.June+Oct-Nov May-Nov 

Land prcparation tractor tractor tractor tractor tractor tractor tractor tractor tractor 
3disc+ 3disc+ 3disc+ 7disc 3disc+7disc 3disc+7disc 3disc+ 3disc+7disc 2x 3disc+7disc 2x 
ridging ridging ridging ridging ridging ridging ridging ridging ridging 

Plant distancc(m) 0.6x0.7 0.7x0.8 0.75x i.O 0.75x 1.0 0.75x 1.0 0.75x 1.0 0.40-0.7x 1.0 0.6-0.8x 0.6x0.8 
0.7x0.8 0.8x0.9 0.6x0.8 

Planting mcthod vertical slantcd slanted or s lantcd vertical or slantcd vertical o r vertical slantcd or 
vertical slanted slanted vertical 

Fcrttli/ation 
-chcmical 15-15- 15 15-15-15 15- 15-15 15-15-15 16-8-8 15· 15- 15 15-15-15 Ami-Ami 15-15-15 

13-13-21 13-13-13 
16-20-20 

-amount(kg/rai) 30-50 30-50 20 20 10-20 10-50 25-30 25-50 

-ttmc befare planting atiMAP al 1-2 MAP l-2x 
-organic manure+compost chicken manure manure 

Wccding lx a l I-2MAP lx at 1·2MAP lxati-2MAP lx at IMAP lx at IMAP 1 x with catllc lx at 1-2MAP lx at 2MAP lx by hoc o r 
with tractor with tractor lx at 3MAP by hoe or lx at2MAP 1-2x lx at2-3MAP by hoe Gramoxone or 

l-2x by hoe 1-2x by hoe by hoc or handplow by hoe or by hoc or l x at4-5MAP Gramoxone at Glyphosatc 
handplow handplow handplow by hoe or 6 MAl> 1 x Gramoxonc 

sorne herbieides Glyphosatc at or Glyphosatc 
8-9 MAP 1 x by hoe or knivc 

or handplow 

llarvcst digging digging contrae! contrae! contrae! contrae! contrae! digging by hand 
loading transport loading transport or harvcstcr 

Utilt/ation(0 o) chips chips s tarch (90) starch (90) stareh (90) >tarch(90) starch (80) chips (90) starch (90) 
starch chi~s ( 1 0) chies ( 1 O) ehi~s ( 1 O) cht~s (lO) chi~s (20) starch ( 10) cht~s ( 1 0) 

1 ha = 6.25 rai 
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Tablc 13. Results of RRAs conducted in nine ~ilot sites inThailand in 1997-2000: Production costs and gross and n et income {b a ht/ r aQil. 

Village Kutdook Village 3 and 6 Noon Sawan Noon Sawaat Khamsii Hu ay Lueaten Paa Kluay Village 7and 11 Thaa Chiwiit May 
Subdistrict Baan Kaw Bucng Prue Phuupo Noon Burii Nong Bua Noon Naamk Kliang Noon Naam Kliang Kaeng Dinso Thung Phayaa 
District Daan Khun Thot Thephaarak Mueang Sahatsakhan Nong Kungsii Sahatsakhan Sahatsakhan Naadii Sanaam Chaikhct 
Province Nakorn Ratch. Nakorn Ratch. Kalasin Ka las in Kalasin Kalasm Kalasin Prachmburii Chachoengsao 
Year 2000 2000 2000 2000 2000 Nov'97 March'98 2000 Nov'98 

Planting material o o o o o o o 80 o 

Land preparation 
- !" plowing 130 148 ISO 127 150 120 120-ISO 106 120- 180 
-2d plowing 130 120 120 120 120-ISO 106 120 
-3d plowing 120 
-ridging 130 14S 120 100 100- 120 100 100- 120 

Planting 100 177 183 116 80 200 300-SOO 118 120-1 80 

Fenilization 
-fenil. 15-IS-IS 190 19 1 360 441 420 146 } 27S 
-application 100 8S 100 140 70 118 80-140 20 
-manure 60 90 

Chemical appl. 240 130 89 

Weeding 
-own labor 100 l OS 212 ISO 70 
-tractor for hillingup ISO 187 243 70 320-640 S00-600 IS2 137- 175 
or contrae! labor 
-hcrbicide 12S 

Harvest 
-harvester 130 
-digging 180 145 185 180 197 150 200-SOO S 54 } 2S0-300 
-loading 170 133 100 100 100 100 100 IS0-200 
-transpon 380 100 

Land rent 350 320 

Total prod. COSI. 1660 1726 2063 1374 1407 1228-1 548 IS20-2260 1976 1620-1900 
Yield (t/rai) 3 3 S 4 3.4 1-5 2-5 3.7 2-4 
Pricc ( Blkg) O.R5 0.84 0.7S O.llO 0.90 0.75 2.20 0.77 0.9R- I.OS 
Gross incomc 2.550 2.520 3.7SO 3,200 3.060 7S0-3.750 -1.400-11,000 2.X49 1.960-·1.200 
Nct income 890 794 1,687 1.826 1.653 0-2.202 2,680-9.280 873 340-2.300 

11 1 US$ = 40 baht 1 ha 6.25 nu 
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'l Plot borders of sheet metal , wood or soil ridge to prevent water entering or leaving plots. 
2

) Polyethylene or PVC plastic sheet with small holes in bonom to catch eroded soil 
sediments, but allow run-offwater to seep away. Sediments are collected and weighcd 
once a month or 3-4 times per year. 

Figure 4. Experimental /ay-out of simple trials to determine the effect of soil/crop 
management practices on soi/ eros ion. 
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Tab1e 14. Resu1ts of FPR dernonstration p1ots 1aid out on 5% s1ope at TTDI Research and 
Deve1oprnent Center, Huay Bong, Daan Khun Thot, Nakhorn Ratchasirna, Thailand in 
2002/03. 

Ory soil Cassava lntercrop Gross Product. et 
loss yield yicld incorne21 costs incorne 

Treatrnents1 1 (tlha) (t/ha) (tlha) --------('0008/ha)-------
l. farmers' practicc: no ridges, 2S kg/rai 1 S-1 S- 1 S 5.88 28.80 37.44 16.40 21.04 
2. up-down ridges; 25 kg/rai 1 S-15-1 S 7.96 21.25 27.63 14.99 12.64 
3. con tour ridges: 2S kg/rai 1 S- 1 S- 1 S 5.94 26.09 33.92 16.29 17.62 
4. no ridges; SO kg/rai 1 S-1 S- 1 S 8.54 23.52 30.58 16.60 13.98 
S. no ridges; 2S kg/rai 1 S-1 S-1 5+ 125 kg/rai chicken 9.06 26.28 34. 16 16.78 17.38 

manure 
6. no ridges; peanut intercrop 12.98 24.06 1.830 45.92 
7. no ridges; pumpkin intercrop 8.84 23.67 3.242 50.22 
8.noridges;sweetcorn intercrop 7.28 16.13 4.472 43.33 
9. no ridges; mungbean intercrop (planted 2 WAP) 3.S6 18.90 24.S7 

1 O. no ridges; Canavalia intercrop (planted 1.5 MAP) 17.08 11.77 1 S.30 
11 . no ridges; cowpea intercrop (planted I .S MAP) 4. 70 16.2S 21.13 
12. no ridges; vetiver (from TTOI) hedgerows 1.48 19.94 25.92 
13. no ridges; vetiver frorn Prachuap31 hedgerows 12.74 16.0 1 20.8 1 
14. no ridges; vetiver from Vietnam hedgerows 1.98 23. 12 30.06 
15. no ridges; Paspa/um atratum hedgerows 1.64 13. 19 17.15 
16. no ridges; Tephrosia candida31 hedgerows 8.56 20.07 26.09 
17. no ridges; sugarcane (for chewing) hedgerows 7.20 23.72 1.250 34.59 
18. no ridges; closer spacing (80x80cm) 8.96 3 1.45 40. 89 
11 All trcatments exccpt T18 were planted at 120x80 cm; a ll treatments except T4 receivcd 25 kg!rai of 

15-15- 15 fcrtil izcrs 
"' Priccs; cassava baht 

peanut 
pumpkin 
sweet corn 
sugarcane 
1 5-1 5-15 fert ilizers 
chicken manure 

31 N ceded to be replanted at 2 months 

1.30 /kg fresh roots 
8.0 /kg dry pods 
6.0 lkg fresh fruit 
5 .O /kg fresh cobs 
3.0 /stalk ( 1 kg) 

1 0.4/kg 
920 /tonne (includes transport) 

a. Test and eva/uate most suitable options in FPR trials. 

19.44 
19.0 1 
23.95 
15.87 
13.1 3 
15.5 1 
14.5 1 
13.45 
15.37 
12.50 
14.37 
17.03 
18.06 

Once thc treatments had been decided on by all participating farmers in the village, 
the same 4-6 treatments wcre established in all trials testing that particular tcchnology 
component. Project staff would help farmers stake out the plots and establish the 
treatments. For erosion control trials it is absolutely essential that plots are laid-out side by 
side on a uniform slope and that runoff water from areas up-slope from the plots is di verted 
and does not enter the treatments. All ra in falling on the plots must ei ther infiltrate into the 
soil or runoff into the plastic-covered trenches, in order that eroded sediments are trapped 
and can be measured. Farmers, however, almost always want to lay out plots parallel to 
roads, footpaths or property boundaries so as not to waste land. This sometimes resulted in 
plots and sediment ditches not being on the con tour, and runoff water leaving through side 
borders of plots, reducing the reliability of the soi lloss data. Fortunately, most project staff 
were well-aware ofthis problem and helped farmers to layout the plots correctly. 

26.47 
31.2 1 
19.38 
8.69 
2. 17 
5.61 

11.42 
7.36 

14 .69 
4.65 

11.73 
17.56 
22.83 
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Table 15. Results of FPR dcmonstration plots at Thai Nguyen University, Thai Nguyen 
province in 2001 (3'd year). 

Dry soi l Yield (t/ha) Gross 
loss cassava ~eanut hedgerow income11 

Product. Net 

costs31 income 
Treatments 11 (tlha) dry ~ods biomass biomass -----(" 000 donglha )-----

1. no fcrt ; no ridgcs. C monocultliTc; 
lx0.8m; no hedgerows 

2. with fert: contour ridges, e mono
culture; 1 x0.8m: no hedgerows 

3. with fen: no ridges. C monoculture: 
1 x0.8m: Paspalum hcdgerows 

4. with fert: no ridges, e monoculture: 
1 x0.8m; vetiver-Teph. hedgerows 

5. with fcrt; no ridges. C+P; 1 x0.8m; 
Tephrosia hedgerows 

6. with fert ; no ridges. e+P; 1 x0.8m; 
Tephrosia+pineapplc hcdgcrows 

7. with fert: no ridges. e+P; lx0.8m; 
natural grass hedgerows 

8. with fert: no ridges, C+P: l x0.8m: 
vetiver grass hedgerows 

9. with fert; no ridges. C+P; 1 x0.8m; 
Panicum max. hedgerows 

1 O. with fert; no ridges, C+P:0.6x0.8m: 
Brach. brizantha hedgcrows 

l> Fcrtilizers = 60N+40P20 5+ 120K20 /ha 
C+P "' e +peanut: Variety "' KM60 
Distance between hedgerows: 5m 
1ntercropping: 2 rows of pcanut 

67.75 2.75 

19.53 13.33 

20.50 14.08 

14.96 13.91 

16.35 15.83 0.50 

15.95 15.41 0.41 

17.98 14.83 0.38 

13.98 16.91 0.33 

17. 11 14.58 0.45 

15. 15 18.33 

1> Prices: cassava dong 5001kg 
5,000/kg 
2,1 00/kg 

950/kg 
2.300/kg 

peanut 
urea (45% N) 
SSP ( 17% P101) 
KCI (60% K10) 
labor 

31 Cost: cassava cultivation 
fertilize rs (60N+40P10 s+ 120K20) 
fertilizer application 
peanut seed 
con tour ridging 
labor for intercropping 
hedgerow seed, planting, maintenancc 

1 0,000/manday 
2.8 mil. donglha 
0.964 mil. d/ha 
0.10 mil. dlha 
0.30 mil. dlha 
0.50 mil. dlha 
1.00 mil. d/ha 
0.30 mil. dlha 

3.6 Farmer Participatory Extension (FPE) 

1.375 2.800 

6,665 4.364 

1.57 7.040 4.164 

2.94 6.955 5.-164 

4.23 1.34 10.41 5 5.464 

4.02 1.00 9.755 5.464 

3.95 9.3 15 5. 164 

3.42 1.63 10,105 5.464 

4.30 1.66 9,540 5.464 

1.22 9.165 4.664 

As the project progressed, the emphasis shifted from FPR to FPE in order to rcach 
more farmers and achieve widespread adoption . Nevertheless, both FPR and FPE are 
essential parts of a single and continuous process. Attempts to disseminate the knowledge 
solely through various FPE methodologi es, such as cross visits, field days and training 
courses were not entirely successful. Farmcrs seem to be more convinced if they have 

-1 .425 

2.30 1 

2.876 

1.491 

4.951 

4,29 1 

4.15 1 

4,641 

4,076 

4.501 
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actually testcd the various options in their own fields through FPR trial s. This is 
particularly true for very site-specific technologies such as erosion control and fertilization 
practices. 

The Farmer Participatory Extension (FPE) methodologics used m the project 
included thc following: 
a. Cross-site visits 

Farmers from a new pilot site visit an "old" village where the project has worked 
before, where farmers havc already conducted FPR trials and have adopted sorne improved 
varieties and practices. In Thailand thesc cross visits were pa1ticularly effective in 
convincing farmers from new s ites to either conduct their own FPR trials or start adopting 
those practices already selected by farmers in other communities. In one such cross visit to 
Huay Suea Ten village in Kalasin province, farmers from the new site were so impressed 
with the effcctiveness of vetiver grass hedgerows in controlling erosion, that they all 
carried bundlcs of vetiver grass home to sta rt multiplying for future use in thei r own 
cassava fields. In many cases, farmers feel more comfortable and are more easily 
convinced after talking to other farmers than they do talking to researchers or extensionists, 
who oftentimes promote a new practice without having had previous practica! experience 
with it in the field. 
b. Farmer fie/d days at time of harvest 

Thesc are mostly for farmers from the village and neighboring villages to share the 
results of their FPR trials, to discuss the pros and cons of each treatment, and to select the 
bcst practices for further testing in FPR trials or for trying out in larger areas. These field 
days were particularly cffective in Vietnam, where farmers from three nearby villages took 
turns hosting a field day to show their FPR trials to those of the other two villages. This 
allows for cross-site comparisons and stimulates pride in doing the trials well. 
c. Large-sca/e field days during the cropping cycle 

These large events, with participation of hundreds of farmcrs from thc district and 
province, school childrcn, local as well as provincial and national leve! government 
officials, TV crews and press, are a good way to disseminate new varieties and practices to 
many peoplc. In one such event in Khut Dook villagc in Nakhon Ratchasima province, 
farmers visi ted different "stands" where farmers from the village, using charts and photos, 
explained the results of their FPR trials. This farmer-to-farmer extension is very effective. 
Afterwards, farmers could visit the fields where some new practices were being 
demonstrated. 
d. Establish community-based self-help groups 

Thcse groups are similar to the "Landcare" groups in Austra lia and the Philippines, 
as well as the "CIALs" in Latín Arnerica. In Thailand thesc are called "Cassava 
Dcvelopment Villages" and are set up by DOAE with financia! support from the 
government. They are modeled on a "Soil Conservation Group" that had sprung up 
spontaneously in Sapphongphoot village where, after having seen the good results of 
vetiver in FPR trials in a neighboring village, farmers organ ized themselves to plant vet iver 
grass con tour hedgerows in 320 ha of their cassava fields to control erosion. In a "Cassava 
Development Vi llage", farmers are encouragcd to become members of the group (need at 
least 40 members to get government support); they elect their own officers, usually 
consisting of a presiden!, vice-prcsident, treasurer, secretary and public relations officcr; 
thcy meet biweekly or monthly to decide on their activit ies, such as conducting FPR trials, 
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organizing field days, managing a vetiver grass or fruit tree nursery etc. They also manage 
a revolving credit fund , which is initiated from a one-time contribution of ferti lizers from 
the Thai govemment. At the next time of harvest, farmers ha ve to retum the value of the 
fertilizers plus a small amount of interest to the revolving fund . Farmers can then borrow 
again from the fund for the purchase of production inputs such as fertilizers, but the fund 
can also be used for hospital emergencies or for educational purposes. Sofar. most farrners 
have been able to repay the money borrowed from the credit funds, and membership as 
well as the size of the funds have increased substantially over the past few years (Wilawan 
Vongkasem el al., 2008). 
e. Encouraging additional income generating activities 

This is often part of the activities of the "Cassava Development Village" or 
commune and may include pig feeding with cassava roots and leaf silage; silk worm raising 
on fresh cassava leaves; duck, pig or cattle raising; planting of high-value crops such as 
fruit trees, sweet com or vegetables; and the making of handicrafts from vetiver lea ves. 
f. Formation of"FPR teams" 

These consist of 2-3 key farmers from each pilot site together with the local 
extension agent, who have participated in farmer/extensionist FPR training courses 
organized by the project. By inviting both extensionists and farmers from the same 
subdistrict to work together during the training course, they get to know each other and can 
forrn an "FPR team" that can teach others in the village about how to conduct tria ls or 
about new technologies leamed during the training course. 
g. Production and distribution of attractive pamph/ets, booklets, posters and videos 

These are discussed in Howeler (2008). 
h. Newspaper artic/es and TV programs 

During fie ld days, press and TV crews are often invited to participate. They report 
about the project activities and interview participating farmers. The resulting artic les and 
programs help to desseminate knowledge about the new technologies and the farmer 
participatory approach used in the project, wh ile it gives farmers more self-confidence in 
their own abilities to contribute to technology development. 

These various FPE methodologies were often used simul taneously, wherever and 
whenever appropriate. 
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THE FPR PROJECT IN HAINAN PROVINCE OF CHINA 
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ABSTRACT 
The FPR project in China was funded by the Nippon Foundation in Japan. In Hainan 

province, the project has been implemented by CIAT and the Chinese Academy for Tropical Agric. 
Sciences (CATAS). This paper is divided into three main parts and covers the period from 1994 to 
2003. 

The FPR project was carried out in 12 counties of Hainan. More than 100 farrners 
participated in research trials and demonstrations. 742 farrners were trained and more than 1000 
training materials were disseminated in yearly training courses. 

65 farmers participated in 67 variety trials from 1995 to 2003. Four new varieties have 
been released during this period by the Chinese govemment. There was a marked increase in the 
are a planted to new varieties, reaching about 3,000 ha or 11 % of the total area planted to cassava in 
Hainan in 2002. The new varieties increased root yields by about 30% and had 6% higher root dry 
matter content (RMDC) than the traditiona l variety, SC 205. 

15 farmers conducted 17 FPR fertili zer trials from 1995 to 1997. Application of No. 3 
special fertilizer increased cassava yields by 33.3% and increased net income by 22.2%. Later, sorne 
participating farmers applied this special cassava fertilizer to their cassava fields as recommended by 
CATAS. 

Soil erosion control experirnents with 25 treatments of vegetative barriers and intercrops 
were conducted at CATAS from 1996 to 200 l. Clitoria ternatea, Chamaecrista rotundifo!ia, 
Tephrosia candida and vetiver grass rnarkedly reduced soil loss by erosion and maintained cassava 
yie lds over the years. These vegetative barriers were recomrnended to control erosion in cassava 
fields. Vetiver grass reduced soil loss 68.3% and increased root yield 2. 7% on average over ti ve 
years, fro rn 1997 to 200 l. Then, 12 selected grass barriers were tested at CATAS to determine their 
competition with cassava during 1998-200 l . Vetiver grass was the best barrier beca use of its low 
competitiveness. 

29 farmers participated in 17 FPR erosion control trials during 1995-1999. Practically a ll 
treatments reduced soil erosion. Vetiver grass was the best barrier. Vetiver grass hedgerows 
drarnatically reduced soil loss by 72.0% and increased root yie lds 3.5% as compared to the check 
without hedgerows. 

Since 1997, we ha ve selected vetiver grass, sugarcane, Tephrosia candida and Cajanus 
cajan etc. for FPR dernonstrative barriers. Later, sorne farmers only kept vetiver grass barriers in 
their cassava fields, interplanted between young rubber trees. Soil analysis indicate that soi l 
collected above the barrier was soft and more fertile while below the barrier the soil was red and less 
ferti le. Near the bottom of the field cassava yields were 50% higher than near the top of a field with 
52% slope. Now, more than 50,000 bags ofvetiver grass have been distributed and more than 2 km 
of vetiver grass barriers ha ve been established from 2000 to 2002. 

Some ideas about FPR are described in detail and discussed; for example, l . Multilaterial 
cooperation among participants. 2. Cooperation between researchers and extension workers. 3. Sorne 
advantage of FPR, problems and solutions. The final par! covers conclusions and future plans. 

1 Chinese Academy for Tropical Agricultura! Sciences (CATAS), Danzhou, Hainan, China. 
2 CIAT Regional Cassava Office for Asia, Dept. ofAgriculture. Chatuchak, Bangkok 10900, 

Thailand. 
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INTRODUCTION 
The Fanncr Participatory Research (FPR) cassava project in Hainan is a 

collaborativc projcct between CIAT and CATAS. and is financially supported by the 
Nippon Foundation of Japan. 

At the start of the project, two CATAS researchers participated in an FPR training 
course held in Thailand in July 1994. Thcn a Rapid Rural Appraisal (RRA) was conducted 
in threc provinces of China, including Hainan, in August 1994. During the RRA we vis ited 
eight villagcs and four cassava starch factories in five counties of Hainan. lt gave us a 
bcttcr understandíng of cassava production and utilization in I-Iainan, and we idcntifi ed 
some major constraints and opportunitics; lack of new varíctics, fcrti lization and crosion 
control were thc main constraints. 

First, treatments were se lected for an erosion control experiment and installed at 
CATAS: this experiment was used as a demonstration during thc farmers training course. 
Sccond, 20 partic ipating fanners were sclectcd from two pi lot sites in two counties; they 
participated in training at CATAS in January 1995. Third, the first FPR trials were 
established on thc farmers' own ficlds in March-April of 1995. Those were the first of 
many FPR tria1s conducted in Hainan sincc then. 

l. FPR Objective 
The objective of the FPR project is to acce1erate thc dcvc1opment and extension of 

improved varieties and efficient cassava production practiccs through fanner participation. 
to reduce soi1 erosion, maintain so i1 productivity, sustain high y ie1ds and increase the 
in come of cassava farmers in China. 

2. FPR Methodology 
Fanners selected the type of FPR tria1s by themse1vcs. They were most interested 

in new varieties, ferti1izer application and erosion control. CATAS provided tcchnical 
assistance and supp1ied the basic p1anting materials. A l! farmer trials had on1y onc 
rep1ication, and usually had the samc treatments in each type of tria! in the villagc. so 
different farmcrs could be considered as rcplications. Not only the collaborating farmers 
but also othcr ncarby farmcrs were invitcd to participatc in the planting and harvests of the 
trials, so they could give their opinions about cassava yicld, intercrop yield, dry soi1 loss 
etc. in the FPR tria1s. Fanners wou1d then select the best improved varieties or other 
treatments to be inc1uded in next ycar's trials. Step by stcp, the best variet ies and 
tcchno1ogies would be selected and adoptcd by FPR participants. 

3. FPR Processes 
The FPR projcct started in 1995 by se1ecting two pilot s ites in two counties. In the 

second phase in 1998-2000 we added five ncw sites (countics). Finally, we tri ed to cxpand 
the FPR to the who1e cassava arca in Hainan province. This process is shown 
schematically in Figure l. 
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Figure l. The evo/ution ofthe cassava FPR project in Hainanfrom 1994 to 2003. 

4. FPR TRIALS AND TRAINING 
Thc cassava FPR project has been conducted in Hainan for a decade, from 1994 to 

2003. We started by establishing sorne dernonstration plots at CATAS for farrner training 
and visiting. In total, more than one hundred farmers in 12 counties participated in 
conducting FPR trials that concentrated on three topics: varieties, ferti lizer application and 
soil erosion control (Table 1). Data from the trials shown in Table 1 were collected and 
analyzed. However, in sorne FPR tria ls no data were collected because sorne newly 
participating farmcrs did informal trials, which were affecled by their casual cultivation. 
Both successfu l and fai led trials and demonstrations are important for the FPR project, as 
we learncd together from the earlier failures. 

During the past ten years, CATAS organizcd four training courses in coopcration 
with CIAT; one of these, a training-of-trainers course was held in 1998. In addition, every 
year CATAS held training courses in cooperation with local govemments or companies. A 
total of 742 farrners were trained and more than 1000 teaching materials were distributed. 
We preparcd two publications, i.e. "Cassava brecding and cultural practices" and "FPR 
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methodologies", which were used for train ing. Sorne students in the univers ity a lso have 
becn trained and participated in our FPR project. The 51

h Asian Cassava Workshop was 
held at CATAS in November 1996, and a ll participants vis ited the FPR site in Kongba 
village, Baisha county, Hainan province. 

Table l. FPR trials and training in the FPR cassava project in Hainan from 1995 to 2003. 

Yariety trials Ferti lizer trials Soil conscrvation trials No. of 
farmers 

Farmers Clones Farmcrs Treatments Farmers Treatments trained 
1995 13 13 6 9 12 7 20 )+40 
1996 5 9 4 9 4 6 50 
1997 8 11 4 9 4 5 80 
1998 6 15 4 5 28 1)+60 
1999 7 20 3 2 251)+60 
2000 9 10 2 2 70 
200 1 5 16 801)+50 
2002 6 15 5 80 
2003 6 23 100 

Tota¡ll 65 67 15 17 29 17 742 
)) These training courscs were held at CATAS in cooperation wi th CIAT; others were regional 

training course, conducted by CATAS. 
2J Total number refers to ditferent farmers, clones and treatments. 

RESULTS OF FPR TRIALS 

l. FPR Variety Tria1s 
A total of 65 farmers participated in the testing of 67 varieties and breeding lines 

during 1995-2003. 13 new breeding lincs were tested in the first ycar; each year sorne bad 
lines were e liminatcd and 6- 12 new lincs were added. Most lines were only tcsted by 
farmers for 1 or 2 years, while sorne lines were tested continuously because of thcir high 
y iclds and the farmcrs ' interest. Those varieties and lines that were tested for more than 
three years are shown in Table 2. 

SC 80 13, SC 8002, SC 5 and SC 6 were released by the Chinese government 
during the FPR period. Sorne farmers 1iked to plant SC 124 and SC 80 13 in the early years 
of the FPR project. At present, most farmers prefer SC 5 and SC 6 because of their high 
yie1d and easy harvest. According to the farmers ' appraisa1, these new varieties increase 
the root yie1d by about 30% and the root dry matter content by 6% above those of the 
check, se 205. 

2. FPR Fertilizer Trials and Special Fertilizers for Cassava 
A total of 15 farmers conducted 17 FPR ferti lizer trials from 1995 to 1997. In 1995 

there was no responses to any ferti1i zer app1ications because the tria1s were conducted on 
ferti1e 1and which had j ust been cleared of 1uxuriant forest in the mountains. In 1996/97, 
there was a response to all ferti1izer treatments (Table 3). No. 3 specia1 ferti 1izer increased 
cassava y ields by 33.3% and increased net income by 22.2%. Some farmers a1so applied 
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either compound NPK or No. 3 special fert ilizer on a larger scale in their production fields 
in 1997; these two types of fertilizers increased cassava yields by 5 1-54% and increased the 
net income by 35-37%. Naturally, fanners recognizcd the importance of fertilizer 
application on cassava fie lds. 

Table 2. Main results of FPR variety trials conducted in Hainan during 1995-2002. 

Yarietics Average RDMcl1 %CK Average root :tield {tlha) %CK 
or clones11 :tears (%) RMDC New clone se 205(CK) :tield 
se 205 36.8 100.0 100.0 
se 124 4 37.6 102.2 29.9 25.9 115.4 
se 80 13 4 39.2 106.5 28.6 27.0 105.9 
se 8oo2 4 36.7 99.7 24.0 23.4 102.6 
se 5 4 38.2 103.8 45.6 33.5 136.1 
se 6 7 39.3 106.8 30.5 23.3 130.9 
se 7 4 36.0 97.8 35.4 28.6 123.8 
ZM8641 5 38.4 104.3 25. 1 27.2 92.3 
ZM 9244 3 36.6 99.4 35.3 22.0 160.5 
CMR 34- 11 -3 3 39.2 106.5 22.5 22.3 100.9 
OMR 36-40-9 3 42.7 11 6.0 30.1 24.8 12 1.4 
l) South China (SC) is a new variety serial numbcr; SC 5, SC 6 and SC 7 were previously known as 

ZM 9057, OMR 33- 10-4 and ZM 8639, respectively. 
21 Root dry matter content (RDMC) was detennined at CATAS. 

Table 3. Results of FPR fertilizer trials conducted at Kongba village, Baisha county, Hainan, 
C hina in 1996/97. 

Treatments1
> Average root yield Gross income Net income21 

(t!ha) (Yuan/ha) (Yuan/ha) 
Check 18.0 5,400 5,400 
NPK 21.8 6,540 5,505 
FYM 21.3 6,390 5,865 
Compound fertilizer 21.6 6.480 5.640 
No. 3. Fertilizer 24.0 7,200 6,600 
No. 4 Fertilizer 2 1.4 6,420 5,820 
11 N = 225 kg!ha of urea ( 42% N); P = 225 kg/ha of SSP ( 16% P20 5); K = 225 kg/ha of KCI ( 60% 

K20); FYM = 15 t!ha of fann-yard manure; Compound = 300 kg/ha of 15-15-15; No. 3 Fertil izer 
= 300 kglha of special fert ilizer consisting of78% Compound 10:5:15. 1% Zn and 2 1% chicken 
manure; No. 4 Fertil izer = 300 kglha of special fcrti lizcr consisting of 86% Compound 10:5:20, 
1% Zn and 13% chicken manure. 

21 Net income is gross income minus fert il izer costs. 

La ter, the fanners considered that they didn ' t necd to do more fertilizer trials. 
Based on their previous experience they liked to apply special fertilizers using CATAS' 
recommendation according to the soi l analysis resu lts in different areas. Moreover, sorne 
prívate farms or factories provided special cassava fertilizers to their fanners according to 
the CATAS recommendation . 
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3. Soil Conservation Demonstration at CATAS 
We conducted for many years a soil erosion experiment at CATAS. The reason is 

that it is difficult for farmers to conduct an FPR erosion control tria!, as it requires 
additional labor for digging ditches, collecting the eroded soi l, to plant and maintain 
vegetative barriers while farmers couldn 't see any direct economic benefits. Al so, we liked 
to keep the experiment going as a useful long-term tria! and demonstration, good for 
training and to show visitors the importance of erosion control. We also liked to explain 
the results ofthe erosion control treatments and promote their use in the future. 

Prcvious research on soil conservation conducted in Hainan and other Asían 
countries during 1987-1994 showed that soil losses caused by eros ion can be markedly 
reduced by zero tillage, contour ridging, closer plant spacing, intercropping and planting 
contour hedgerows of grasses, such as vetiver grass etc. As such, we selected 25 
treatments, mainly conceming the use of contour barriers and intercrops, for our 
dcmonstration of eros ion control at CATAS during 1996-200 1 (Table 4). Most treatments 
were quite effective in reducing soil loss by erosion. As time went by, Clitoria terna/ea, 
Chamaecrista rotundifolia, Tephrosia candida and vetiver grass markedly reduced soil 
losses by erosion and maintained or slightly increased cassava yields as compared to the 
check without erosion control measures. These results were used to recommend to plant 
contour barriers in cassava fields located on sloping land. Vetiver grass reduced dry soil 
loss by 68.3% and increased root y ields by 2.7% on average during the five years from 
1997-2001 . Moreover, leguminous barrier and intercrops irnproved soil fertility, while 
sorne grasses or legumes were used for animal feed and intercrops to increase income. 

Table 4. Main results of an experiment on soil erosion control conducted on 8% slope at 
CATAS from 1996 to 2001. 

Dry soil loss (t/ha) Cassava rool yield (t!ha) 

Trcatment11 1996 1997 1998 1999 2000 2001 1996 1997 1998 1999 2000 

Ra infall (mm2 2379 2168 1396 2484 2302 2367 

Check without barricrs 106.5 85.2 85.6 97.8 31.2 12.2 24.2 30.8 25.3 19.9 21.7 
Vcrtiver grass 129.9 52.2 18.9 20.2 5.7 1.9 15.5 29.2 24.1 25.4 21.4 
Clitoria terna/ea 83.3 28.5 15.2 14.6 10.8 5.4 10.5 30.4 26.4 28.7 25.7 
Chumaecrista rotundifolia 107.6 38.1 45.4 17.3 8.9 6.5 23 .0 27.8 23.1 23.1 22.4 
Tee.hrosia candida 158.0 46.7 13.0 20.5 10.4 7.8 15.5 20.6 19.4 22.0 22.1 
11 Check = cassava monoculture without a ny ridges, barriers or intercrops. Other treatments are 

cassava + contour hedgerows, and intercropped peanut, soybean or scsame in 1996- 1999. 

4. Experiment on the Competitie Effect of Grass Barriers on Cassava at CATAS 

2001 

21.6 
22.4 
20.8 
23.6 
21.9 

From 1998 to 200 1, we conducted an experiment on the use of vegeta ti ve barriers 
for erosion control at CATAS. Twelve grass barriers were planted (Table 5), with the 
objective to determine the competitive effect, both above ground (for light) and 
underground (for water and nutrients) between cassava and the various barriers. Sorne 
grass barriers, such as King grass, grew very well leading to poorer growth of cassava. In 
contrast, in some cases, such as lemon grass, cassava grew well but the grass barriers grew 
poorly or even died. Brachiaria decumbens also had a strong competitive effect on cassava 
and vice versa. Ideal barriers will reduce erosion effectively and increase the sustainability 
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of cassava production. As far as we are concemed, vetiver grass is currently the most 
effective erosion control barrier. 

Vetiver grass is planted from vegetative material, but can not be planted from seed. 
Naturally, it is difficult and expensive to establish. Besides, vetiver grass has few other 
useful purposes such as for feed, which has limited its widespread use in Hainan . A barrier 
of Paspalum atratum may be better if we reduce the shading effect through a little wider 
planting distance with cassava. Paspalum atratum will not seriously compete with cassava, 
it is a good resource for animal feeding and is easy to establish, both from seed or from 
vegetative material. 

Table S. Main results of an experiment on the competition between various vegetative grass 
barriers and cassava conducted on 7% slope at CATAS during 1998-2001. 

Cassava root yicld (tfha) Dry grass yield (t/ha) 
Cassava Barrier 

Treatments11 1998 1999 2000 2001 growing 1998 1999 2000 2001 growing 
Vetiver grass 32.6 4l.O 33.5 30.6 We\l 3.5 7.3 14.5 4.3 Good 
King grass 32.5 23.5 16.3 11 .6 Bad 9.5 24.3 90.2 29.2 Well 
Lemon grass 34.3 40.7 45.0 32.1 Well 0.6 6.0 0.5 o Weak 
Brachiaria decumbens 27.7 31.7 24.1 16.1 Good 3.5 8.3 23.8 11.9 Good 
Pase_alum atratum 29.7 34.1 32.6 28.7 Well 3. 1 6.9 14.3 4.3 Weak 
l) Total plot area is 7 x 1 O m; there are 6 rows of cassava and 3 rows of grass barriers. Three rows of 

cassava are grown between two rows of grass, 1 meter space between two cassava rows and 0.5 
meter between the cassava row and the grass row. The grass species are cut back at 30 cm above 
the soil whenever necessary. 

5. FPR Erosion Control Trials 
There were a total of 29 farmers participating in 1 7 FPR erosion control trials 

during 1995-1999 (Table 6) . A\1 treatments reduced soil erosion, which is similar to the 
results obtained in the experiment at CATAS. Vetiver grass contour hedgerows were the 
most effective. Vetiver grass barriers (without intercrops) remarkably reduced dry soi l loss 
by 72.0% and increased root yield by 3.5% as compared to the check without hedgerows. 
But in the treatments with vetiver hedgerows and intercrops, cassava yields decreased 
slightly while soil loss increased in comparison with the same treatment without intercrop; 
this is due to the competition from the intercrop and the additional tillage required. 

Table 6. Main results of sorne FPR erosion control trials conducted in Kongba and Dapulin 
villages, Baisha county, Hainan during 1995-1999. 

Root yield (tlha) Dry soil loss (t!ha) 

Treatments 11 Treatment Check Treatment 
C+vetiver grass+sesame 18.4 20 .9 62.5 
C+vetiver grass+peanut 20.0 21.7 55.6 
C+vetiver grass 26.4 25.5 9.3 
11 C = cassava. Check is cassava monoculture without any ridges, barriers or intercrops. 

Sorne intercrops were damaged by animals sometimes. 

Check 
114.4 
79.2 
33.3 
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6. Demonstration of FPR Erosion Control 
In 1997 we selected contour hedgerows of vetiver grass, sugarcane, Tephrosia 

candida and Cajanus cajan for FPR demonstrative barriers according to the farmers' 
preferences. Later, sorne farmers only kept and expanded vetiver grass in their cassava 
fields interplanted with young rubber trees, as contour barriers. After three years these had 
resulted in natural terraces with 30-40 cm high risers. Terraces not on ly help to contro l soi l 
erosion in cassava fields but they also fac il itate cultivation if farmers repair the terraces. 
especially for long-term crops like rubber or fruit trees. Now, more than 50,000 bags with 
vetiver grass plantlets have been transplanted, and more than 2 km of vetiver grass barriers 
have been established in 2000-2002. 

In one of our FPR demonstrations, 13 rows of vetiver grass contour barriers were 
planted on a 1 ha mountain plot with 52% slope at Dapulin village, Hainan, in 1999. The 
soil analysis results indica te that thc soil 's nutrient content had changed between 1999 and 
2003 (Table 7). The terrace risers in 2003 had a height of 50 cm; this markedly reduced 
so il erosion and runoff and conserved soil fertilizers and moisture. Between two barriers. 
the bottom section had collected soft fcrtile soil and had only 14.3% sand content, while the 
top part of the strip between batTiers was croded and revea led a red subsoil, whieh had 
38.3% sand content. At harvest, the bottom section had 50% hi gher cassava yields than the 
mid or upper section. Planting contour barriers had an obvious effect on cassava yicld and 
soil conservation on this steep slope. Vetiver grass barriers will hopefully expand in the 
fu tu re. 

Table 7. Soil analysis between vetiver grass barriers at Dapulin villages, Baisha county, 
Hainan, in 1999 and 2003. 

Dec. 
1999 

Aug. 
2003 

Location pH 1 > 2mm OM Total N Available P Exchangeable K 
between barriers 11 sand {%} {%} {%) (mglkg} {mglkg} 

Top (7 m) 4.89 2.82 0.155 2.9 32.5 
M id (4 m) 4.87 3.23 0.162 4.2 37.5 
Bottom ( 1 m) 4.75 3.40 0.185 1.6 44.0 

Top (7 m) 3.93 38.3 2.83 0.133 ' 3.3 29.2 
Mid (4 m) 3.93 16.3 2.78 0.133 2.9 29.2 
Bottom (1m) 3.75 14 .3 3.34 0.156 3.8 41.7 

11 52% slope in 1999 and 45% slope in 2003; soil samples taken in contour strips at 1-, 4- and 7-
meters above the lower vetiver grass barricrs. 

21 Soil analysis by CATAS, China. 

7. Adoption of Soil Conservation Practiccs in Cassava Fields 
From the FPR trials and demonstrations, many farmers realized the seriousness of 

soil erosion and the effectiveness of contour hedgerows to reduce soil losses. In fact, most 
farmers didn ' t like to plant barríers but líked to keep wide natural barriers for soil 
conservation . At the present, they don 't need these barriers for animal feed, and they don 't 
care about the land, beca use there are abundant weeds for feeding and large areas of waste 
land for exploitation in Hainan 's mountains. l t is now common practice to kecp strips of 
natural bio-barriers, or to leave crop residues or weeds piled up along contour lines. But, 
previously farmers piled up crop residues haphazardly anywhere, which isn 't good for soil 
conservation and makes tillage more difficult. Now, farmers participating in the FPR 
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project adopted planting barriers and soil preparation along contour lines. 

Besides, many farmers liked to combine zero tillage with chemical weed control, 
which is good for soil conservation on soft and fertile mountain soil ; it resulted in higher 
yields and reduced hard work and costs. This technology has also been adopted by sorne 
large cassava plantations in Hainan to reduce crop management costs. 

ACHIEVEMENTS OF FPR 
Ten years ago in 1994 cassava yields in Hainan province were rather low as there 

were few new varieties and improved technologies. Much has changed since then as a 
result of the FPR project (Table 8). Up to now, more than 100 farmers ha ve directly 
participated in cassava research, and thousands of farmers have adopted the results of the 
FPR project. Now, more than ten new varieties or clones selected by farmers are widely 
planted. In particular , 90% of the cassava area in the mountains of both Baisha and 
Tunchang counties are being planted with new varieties or clones. New varieties were 
multiplied and widely disseminated due to the successful demonstrative effect year after 
year. Many cassava farmers that had participated in the FPR project from the beginning are 
now well-off due to the high root yields and from the sale of stems of the new varieties. 

Table 8. Acbievements of FPR in Hainan (1993 and 2003). 

Tota l cassava area ('000 ha) 
Average root yield (t/ha) 
Average RDMC (%) 
New variety or c lone 
Fertilizer application 
Erosion control 
Farrners ' standard of living 

1993 
24.9 
13. 1 
36.8 
Few 
Few 
No 
Simple food and dress 

2002 
33.7 
16.4 
39.0 
3,000 ha of new varieties or clones 
Partly by CATAS recommendation 
Sorne, but most farmers real ize its importance 
Many "cassava" motor cycles and houses 

At the same time, fertilization, erosion control, closer planting, zero tillage and 
chemical weed control are progressively being adopted through pilot demonstrations in 
cassava fields by CATAS' integrated extension programs. These new technologies are 
beneficia! by both reducing production cost and increasing cassava yields. 

The FPR project helped to develop the rural economy and make farmers richer, 
while stimulating the cassava industry in Hainan. 

As a result of this clase and effective cooperation in cassava research and FPR 
between CATAS and CIAT, Dr. Reinhardt Howeler and Dr. Kazuo Kawano were both 
awarded the "Friendship Prize of the P. R. of China" by the Chinese Central Govemment in 
1998 and 1999, respectively. 

DISCUSSION OF FPR 
l. Multilateral Cooperation among Various Participants 

FPR is a new research and extension methodology in China. Naturally, it needs 
multilateral science, technology and organization to salve a lot of new problems. But 
different participants have different objectives and responsibilities, for example: 
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1) Researchers: to conduct research and publish results; ha ve a positive effect on 
society, the econorny and ecology. 

2) Extension officers: to follow govemrnent policies and write reports 
3) Farmer extensionists: to rnake profit frorn selling agricultura! rnaterials 
4) Cassava starch factory: to obtain sufficient cassava roots of high starch content 
5) Fanner: to maxirnize crop growth and yield, marketing and incorne 

We tried to work together so that every participant attained their objectives and 
received benefits. Sorne of these successful cooperations are shown in Table 9. At the 
same time, the FPR methodology has now been adopted in other crop areas through 
cooperation and study in China. 

Table 9. Successful multilateral cooperation in conducting FPR in Hainan. 

Partner Contribution to the cooperation 
CIAT FPR methodology, international genetic resources and new technologies 
Cassava project (CATAS)) Ncw cassava varieties and improved technologics 
Pasture researchers Technology and planting material for con tour barriers 
(CATAS) 
Economist (CATAS) 
Nankun cassava starch 
factory 

Economic analysis 
Wide dissemination ofnew variety, special fertilizer cte. 

Qi Fang town government Local management ofthe FPR project and transfer ofselected technologies 
Farmer technicians Sorne group management ofFPR trials and production ofplanting material 
University students Assistance and thesis research 

2. Effect among FPR, Research and Extension 
At the present, the Chinese government assesses about 6,000 agricultura( 

achievements per year. There is still a low adoption rate (30-40%) of agricultura! research 
achievements, due to a disjointed relation between researchers, extensionists and fanners. 
In contrast, in developed counties the adoption rate is about 70-80%. 

The FPR methodology provides a close working relationship among three 
participants. lt improves the transfer rate of science and technology; it also improves the 
agricultura! knowledge of extensionists and farmers. For exarnple, the best new clones and 
technologies from CATAS and CIAT were tested and selected by farmers in FPR trials. 
Participating farmers have quickly adopted these new varieties and technologies, and 
leamed how to solve sorne problerns by themselves by participating in research and study. 
For exarnple, farmers developed by thernselves a practica! soil conservation method 
through FPR i.e. they maintained natural contour barriers of trees and weeds, which had 
never been included in the FPR trials or dernonstrations. 
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3. Relationship between FPR, Research and Extension 
Thc relationship between FPR. research and extension can best be explained as a 

triangular cooperation (Figure 2). lt is a close joint relationship among participants. Jt is a 
reiterative process leading to continuous improvements for both participants and 
technologies. 

Extension 

Feedback 

Research FPR 

Transfer achievements 

Figure 2. Schematic diagram ofthe relationship between FPR. research and extension 

4. Advantage of FP R 
The FPR approach has severa! advantagcs as compared with other extens ion 

methods. The main advantages of FPR are: 
1) Equal communicative platform for a ll participants 
2) Farmers are volunteers and are act ive partners 
3) Researchers are directly involved in extension 
4) Absorb and respect farmers' knowledge, cvaluation and selection 
5) New varieties and technologies are quickly adoptcd 
6) Tria ls are direct and simple, clear and easy 
7) Fanners con tribute to the development and dissemination of practica! techno logies 

5. Problems and Solution s 
The main problem of FPR is the Jack of an appropriatc govemmental organization 

and govemment support, which makes it difftcult to do thc FPR tria ls and obtain good data. 
The solution is to strengthen the links with govemment and other cooperators, keep long
term fr iendships and cooperation, stimulate the ir ac ti vity, s implify comp licated 
technologies and conduct trials, after which s imple and practica! technologies are widely 
disseminated. In particular, the Ch inese govemment has rccognized the advantages of FPR 
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and is now partly supporting this approach. 
Generally, farrners are most intcrested in yield and income. FPR cassava farmers 

are mainly intercsted in improved varieties of high y ield, and with drought and wind 
resistancc because Hainan sometimes suffers from strong typhoons. Fanners have paid 
little attention to starch content, special fertilizers and vet iver grass barrier etc. because it is 
difficult for them to obta in direct economic benefits from these technologies. So, it is 
necessary to develop more profitable technologies that correspond to farmers ' objectivcs 
and needs, and to demonstrate the effect on both y ield and economic benefits. This 
requires improvcd skill s in showing and explaining the experimental results and to Jet 
farmers draw their own conclusions and make the ir own sclection of useful technologies. 

In the futurc , the FPR project wi 11 concentrare on rcducing costs, increasing y ields 
and income, while maintaining sustainable production, in part icular the conservation of 
sloping lands. lt may be a good idea to develop contour barriers of multiple usage which 
will enhance farmcr adoption. 

We have made some successful attempts in above areas, and will try to do even 
bctter in thc futurc. 

CONCLUSIONS ANO FUTURE PLAN 
The FPR approach used for cassava in Hainan in co llaboration with CIAT and other 

Asian countries is a successful extension methodology. At the same time, the FPR 
approach is now also being used for other crops. After having experienced some successes 
as well as failurcs during the past ten years we will try to develop this methodology further 
through various cooperations and through funding from both national and intcrnational 
sources. After that, we hope to expand the approach to other agricultura) areas in China. 
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THE FPR CASSA V A PROJECT IN GUANGXI PROVINCE OF CHINA 

Tian Yinong and Li Jun 1 

INTRODUCTION 
Guangxi province is located in the subtropics; the climate is warm in the summer 

and mildly cold in the winter with occasional frost; rainfall is quite good. The uplands 
account for more than 80% of the total land resources in the province, but many soils are 
too poor to grow crops like fruit trees, vegetables, maize, sugarcane, etc; however, they are 
reasonably good for cassava. Since the l990s, Guangxi province has become the biggest 
cassava producing province, overtaking Guangdong province. The area and production of 
cassava is about 270,000 ha and 4,500,000 tonnes, respectively, accounting for about 70% 
of the national area and production. Moreover, Guangxi also has the largest cassava 
processing industry. There are now about 70 cassava starch faetones and 20 ethanol 
factories which use cassava (fresh roots and dry chips) as raw materials. Every year about 
500,000 tonnes of cassava starch and about 100,000 tonnes of ethanol are produced in thc 
province, accounting for 70% and 80% of the national production, respective/y. In recent 
years, the cassava industry of Guangxi has started to put more emphasis on further product 
developmcnt, which has resulted in the rapid development of the cassava industry, 
including the adoption of new technologies. The cassava processing industry is playing a 
more important role in the economic development in the province, both by increasing 
farmers' income and by paying more taxes to the govemment. 

But we still face sorne problems in the cassava industry, such as: 
l. Lack o.f good varieties and incorrect management in cassava cu/tivation 

During the period from 1950 to about 1966, cassava yiclds were only around 4.5 
tlha, with the lowest yield of l. 7 t/ha in 1959. From 1966 to 1985 cassava yields varied 
from 4.9 t/ha to 8. 1 t!ha. During the 1990s, cassava yields greatly improvcd, but were still 
less than 15 t/ha. There are two main reasons for this: one is a lack of suitable varieties 
being used. Since in Guangxi cassava is grown on many kinds of land and in different 
climatcs, different varieties are required that are adapted to different climates and land 
resources. At that time we had only two main varieties, SC20 l and SC205; these still 
account for about 95% of the cassava planted area, which is far from optimum. The second 
one is poor management of cassava cultivation, including low inputs, si mple land 
preparation, lack of weeding and other cultural practices. 

2. Comparatively low value of the roots, unstable prices and low e.fficiency o.f /and 
utiliza/ion i.f on/y cassava is grown 

Most cassava was sold in the form of fresh roots or dry chips, so normally the 
income from cassava was not as high as from the other crops, like fruit trees, vegetables, 
maize, sugarcane, sisal etc. Moreover, cassava was normally cultivated on very poor land, 
and about 90% of cassava was planted in monocu1ture, while 10% was intercropped with 

1 Guangxi Subtropical Crops Research lnstitute (GSCRI), Nanning, Guangxi , China. 
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watermelon, peanut, maize, beans, etc. This is the main reason why cassava produced little 
income. lf farmers can do sorne intercropping in their cassava fte ld during the first three 
months, they can not only get more income from these intercrops, but also increase the use
efficiency of their land. For instance, in the central part o f Guangxi, those farmers that 
intercropped cassava with watermelon for sced had 5,000 RMB/ha more income than when 
cassava was grown in monoculture; in the southem part, intercropping with watermelon for 
seed produced nearly 10,000 RMB!ha more income than only from cassava. Of course, 
intercropping requires more inputs for ferti lizer, irrigation, etc. and information about 
intercropping needs to be shared among farmers. 

3. Serious soil eros ion and rapid decrease ofsoil ferti/ity 
Most cassava in Guangxi is plantcd in the uplands and very little on tlat land. The 

southem part of Guangxi, close to the sea, has a monsoon climate, so it receives a lot of 
ra infall which is concentrated in the fi ve months o f April , May, June, July and August. At 
this time cassava plants are still small , so the canopy of cassava is not yet completely 
closed, resulting in serious erosion. To reduce erosion, cassava should be intercropped or 
plants should be grown on contour ridges. 

In general , considering the very limited land resources and the relatively poor 
economic conditions in rural areas, to develop the cassava industry and increase the income 
of farmers from cassava production, we need to do many things, like extending high 
yielding and high-starch cassava varieties, improving the effi ciency o f fertili zation, 
protecting the soil from erosion and improving the management of the cultivation system. 

Thus, in 1999, with support from the Nippon Foundation and sorne funding from 
the local govemments of cities and counties, we started the Farmer Participatory Research 
(FPR) project in Guangx i province. 

Project Objectives and Activities 

The main objectives of the FPR project in Guangxi province are: 
l . to extend new high yie lding and high starch cassava varieties in rural areas 
2. to extend better ferti lization pract iccs 
3. to extend erosion contro l methodologies 
4. to extend more effic ient systems o f cassava intercropping. 

The main acti vities o f the FPR project in G uangxi province are: 
l . to select pilot s ites for the project in the main cassava growing areas 
2. to conduct problem diagnosis for cassava production with farmers 
3. to identify the priori ty problems to be solved with the farmers 
4. to establish a good cooperation between farmers and researchers that will best 

solve the ir problems 
5. to provide technica l support to farmers for improving the ir cassava production 
6. to organ ize training courses in order to introduce the new cassava varieties and 

cultural practi ces and to sha re some publications with farmers. 
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The Farmer Participatory Research Methodology 

The FPR approach in Guangxi included the following steps (Figure 1): 

Adopt and disseminate 

Farmcrs adapt new 
practicc and scalc-up to 

production field 

Farmers evaluate and 
select most suitable 

options/practices 

Probl cm diagnosis 
with farmcrs 

Figure l. A schematic diagram ofthe FPR approach. 

A. Problem diagnosis 

Fecd back to rcsearch 

Rescarche rs show technoiogy 
options in FPR 

dcmonstration plots 

Farmcrs test these options 
in FPR trials on 
thcir own ficlds 

This step is necessary to identify the main problems and to find possible solutions. 
From the problem diagnosis conducted in seven villages we see that the most important 
constraint in cassava production is low yield. Farrners ranked their priorities as follows: l . 
High yielding varieties; 2. High starch varieties (because the factories like it); 3. Short 
duration varieties, and 4. Varieties that are easy to harvest. The others seems to be less 
importan t. 

B. Conduct demonstration trials 
Because new technologies spread slowly, we nceded to do some trials to 

demonstrate mainly the new varieties, the importance of fertilization, erosion control and 
intercropping. Normally, in each village sorne innovating farrners were invited to do the 
demonstration tria!. Table 1 shows the results of three demonstration variety trials 
conducted in 2002. 
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Table l. Results of a variety demonstration trial conducted in three sites in Guangxi province, 
China in 2002. 

Varie~ Wuming Shanxu Mingyang Average Ranking 
SC201 61.60 24.72 43.16 11 
SC205 58.33 41.82 50.08 4 
ses 36.26 25.83 54.54 38.88 16 
ZM8639 45.52 53.33 52.04 50.30 3 
ZM8803 46.06 41.67 45.10 44.28 10 
ZM8316 44.94 53.20 49.07 6 
SMI600 50.00 30.85 40.43 15 
OMR36-31-I 53.00 54.85 39.58 49.14 5 
OMR36-40-9 43.28 47.50 45.39 9 
OMR36-34-4 28.85 55.20 42.03 12 
CMR38-120- I O 53.00 58.38 55.69 1 
MBra 900 52.72 30.00 41.36 13 
GR891 34.41 56.25 49.55 46.74 8 
GR9ll 43.28 52.08 63.28 52.88 2 
Nanzhi 199 38.00 43.35 40.68 14 
Rayong 72 27.19 46.46 36.63 17 
KU 50 56.63 41.25 48.94 7 

C. Farmer evaluation and selection ofbest optionsfrom demonstration trials 
Farmers select those options that they think will improve their production, first by 

observation (farmer trust their own eyes best); for instance, how is the gerrnination, the 
growth, what is the resistance to drought, to pests etc. Then, by testing to determine the 
yield. 

D. Farmers test the se/ected options in their ownfields 
Farmers conduct the FPR trials in their own field with or without help from the 

researchers. They conduct trials to test the options that they selected; sorne like to discuss 
these with researchers, while others don 't. Tables 2 and 3 show the number of si tes and 
the number of different trials conducted, while Tables 4 to 6 show sorne of the results. 

Table 2 . Number of project sites and number of farmers who participated in the project in 
Guangxi province from 1999 to 2003. 

County Village Farmers 

1999 1 1 5 
2000 2 2 9 
2001 2 2 32 
2002 9 22 48 

2003 10 18 120 
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Table 3. Number of each type of FPR trial conducted in farmers' fields and the number of 
training courses conducted in Guangxi from 1999 to 2003. 

1999 2000 2001 2002 2003 Total 

Variety 2 4 7 12 15 40 

Fertilizing 2 2 3 4 7 18 
Intercropping 1 2 5 5 13 

Erosion control l 2 2 2 8 
Training courses 2 3 8 10 23 

Table 4. Results of an FPR fertilizer trial conducted by a farmer in Wu X u town, Yong Ning 
county in 2002. 

NPK Cassava yield (t!ha) 
Variety treatment 1) Average 
se 205 N3 P2K1 18.5 12.1 10.5 13.7 

N2 P1K2 15.9 13.7 11.1 13.6 
N3P1K3 17.2 10.8 9.9 12.6 
N4PIK.a 19.1 14.3 10.2 14.5 
N2P2K2 19.4 12.7 7.0 13.0 
N-P-K 17.5 8.0 11.1 12.2 

Nanzhi 199 N3P2K1 17.2 12.4 13.1 14.2 
N2PIK2 19.7 12.1 10.2 14.0 
N3P1K3 15.9 9.6 10.5 12.0 
N4PIK.,¡ 16.2 11.8 8.0 12.0 
N2P2K2 18.5 10.8 12.7 14.0 
N-P-K 17.2 10.2 10.2 12.5 

1) N 1 - 140 kg N/ ha P1 = 140 kg P20 i ha K1 ~ 160 kg K20/ha 
N2 _ 280 kg N/ha P2 = 280 kg P20 5/ha K2 = 320 kg K20/ha 

N3 .420 kg N/ha K3 = 480 kg K20/ha 

N4 = 560 kg N/ha ~ ~ 640 kg K20/ha 

N-P-K _ 375 kg/ha of compound fertilizer 15: 15: 15 = 56 kg N + 56 P20 5 +56 K20 /ha 

Table 5. Effect of the use of plastic mulch on cassava yields (t/ha) in FPR trials conducted by 
three farmers in Qingle viUage , Taiping town , Wuming county in 2003. 

Treatments 

With plastic 

Without plastic 

Huang Y u 

36.2 

34.4 

Huang Qun 

33.2 

31.7 

Huang Meiying 

30.2 

29.7 

Average 

33.2 

31.9 
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Table 6. Effect of date of planting and the use of plastic mulch on cassava yields (t/ha) 
in an FPR trial conducted by a farmer in Tanluo town, Nanning city in 2002. 

Planted on March 27 Planted on Apri l 7 

Average 

With plastic 27.1 24.4 35 .0 28.8 21.0 20.8 25 .0 

Without plastic 20.1 25 .8 31.6 25.8 20.7 24.8 22 .2 

Note: plot area is 40 m , 50 plants; variety Nanzhi 199. 

E. Farmer evaluation to select most suitab/e practices 

Average 

22.3 

22.6 

Farmers evaluate the germination, growth. y ield, whether or not it is easy to 
harvest, etc. and then they adopt those new options or practices that they think are most 
suitable for their own conditions. During the evaluation sorne comments may be required 
from researchers. 

F Farmers test again their selected options in a larger orea 
To get a better understanding of the new varieties and practices/methodologies they 

try them out on a larger area of their production field. They normally feed back their 
opinions to the researchers. 

G Extend the new technologies which hove been tested and selected lo other oreas with 
similar conditions 

After adoption farmers either give their planting materials to their neighbors, or 
share the results of their experiments with other farmers that live in the area. For people 
living in places far from the village, they sell the planting material to earn sorne money. 

CONCLUSIONS 
l . As a result of the implementation of the project, there are now more than 3,000 

hectares of cassava planted with new promising varieties. 
2. More and more farmers have adopted sorne new practices to improve their 

production, such as the use of plastic mulch to warm the soil and reduce weeding 
cost and erosion. 

3. Cassava yields in the project si tes have increased and farmers ' income from 
cassava have also increased. 

4. The FPR approach used in the project enhanced farmers ' ability to make their own 
decisions, develop their own technologies and manage their own trials. Farmers 
have gained more self-confidence. 

5. Through leaming together and exchanging opinions, researchers and farmers 
established an equal partnership. 

Experiences and Realizations 
l . The flexible use of the participatory approach is the key to making the project 

successful 
2. Effective organization is the key to success 
3. Good support from local govemments and technical agenctes as well as from 

factories is very important 
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4. Researchers and government officials play a role as equal participants rather than 
being the main implementers 

5. Get farmers to express their ideas freely 
6. Farmer-to-farmer training is perhaps the most realistic way. 
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ADOPTION OF NEW TECHNOLOGIES AND THEIR IMPACT ON CASSA V A 
PRODUCTION IN CHINA 

Li Kaimian1
, Tian Yinonl. Huang Jie 1, Y e Jianqiu1 and Li Jun2 

ABSTRACT 
This paper mainly describes the situation of cassava production in China during the period 

when we conducted the FPR project, in cooperation with CIAT and supported by the Nippon 
Foundation of Japan. 

The major constraints in cassava production in China were: a) lack of an effective 
organization and management system for developing cassava production; b) poor management 
resulting in low yield; ande) serious soil erosion and decline in soil fertility. 

The recent in crease in cassava yields can be attributed to the adoption of new technologies, 
especially that of improved varieties and good cultivation techniques. Cassava varietal improvement 
in China has focused on the following aspects: a) collection and introduction of cassava germplasm 
and establishment of a cassava germplasm bank for cross-breeding; b) establishing a national 
cassava tria! network, forming an integrated breeding system of improved varieties, testing and 
demonstration, as well as extension of cassava; ande) multiplication and dissemination of improved 
varieties. 

During 1993-2003, cassava agronomy research in China entered a new stage of 
development. Cassava agronomy in China placed major emphasis on fertility maintenance, erosion 
control, planting methods, time of planting and harvesting, etc. Compared with the traditional 
cultural practices, the adoption of improved practices in China mainly involved the use of more 
intensive production, better varieties, more fertilizer use, higher plant populations, better 
intercropping systems and the use of plastic film to cover the soil before planting. Sorne practices 
that are simple and highly profitable will be readi ly adopted by farmers, such as new high-yielding 
varieties. Also, controlling weeds by the use of herbicides was also widely adopted by farmers in 
Guangxi and Hainan provinces, because it reduces the labor needed for hand weeding. 

On the other hand, erosion control practices are not readily adopted by farmers, because 
these generally require additional labor or investments without producing increases in yield or 
income in the short-term. The development of cassava-based products and improved market 
channels, as well as changes in government policy a lso affected the development of cassava 
production in China. 

INTRODUCTION 
In China, cassava can be cultivated in areas south of the Qinling mountains and 

Huaihe river, with mean annual temperatures above l8°C and a frost-free period of more 
than six months of the year. Therefore, there is a tremendous potential for further 
expansion of the cassava production area. Recently, the total cassava planted area in China 
is about 450,000 ha, with a total annual production of about 60 million tonnes of fresh 
roots. Cassava is mainly grown in Guangxi, Guangdong, Hainan and Yunnan provinces, 
and also in a limited area in the south of Fujian, Jiangxi and Sichuan provinces. Cassava 
processing and utilization have developed markedly in recent years, and the production of 

1 Chinese Academy for Tropical Agricultura( Sciences (CATAS), Danzhou, Hainan, China. 
2 Guangxi Subtropical Crops Research lnstitute (GSCRI), Nanning, Guangxi, China. 
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cassava-based products has increased from about 30 to 85%. Thc production of cassava 
has changed from bcing a scattered and backyard crop into one that is farmed intensively 
and grown mostly for industrial processing. 

Unlike othcr tropical root and tubcr crops, cassava has a high tolerance to drought 
and infertile soils. Having greater adaptability and more uses, cassava plays an 
increasingly more important role in upland farming, as well as in the utilization of land and 
labor resources. In China, cassava is an important economic crop for the uplands in both 
tropical and subtropical areas, and is one of the main sourccs of animal feed and raw 
material for the production of starch. It, therefore, has a major significance in the 
economics ofthe agricultura) sector in certaín parts ofthe country. 

Cassava is the fifth most important crop in southern China, following rice, 
sweetpotato, sugarcane and maize. lt is used mainly as animal feed and for starch 
manufacturing, which both play an important role in the upland agricultura! economy. 
Cassava production makes full use of avai lable land resources, especially in upland and 
hilly areas, as well as in marginal areas wi th poor soils. In reccnt years, cassava production 
and its economic value ha ve increased due to the rapid devclopment of the animal feed and 
starch industry, as wcll as to improvemcnts in marketing channcls for cassava products. 

More and more attention has been paid to the relea se and planting of new varieties 
and the use of good cultivation technologics. From 1994 to 2003, considerable progress 
has been made in the adoption of new techno logies of cassava in China, with CIAT's 
cooperation and supported by the Nippon Foundation of Japan. 

MAJOR CONSTRAINTS IN CASSAVA PRODUCTION IN C HINA 

l. Lack of an Effective Organization and Management System for Developing 
Cassava Production. 

Due to the lack of interest in cassava by local governments and rclevant 
agricultura! authorities, there has been little coordination of cassava production, processing 
and marketing; instead, production and marketing was done mostly by the farmers 
themselves. Cassava technology transfer in China was carried out only by a few research 
institutes without any long-term budgct from either the central or local governments. 
Moreover, there was no full-time personnel in the relevant departments of agriculture in 
charge of cassava demonstrations and variety release. Therefore, it was difficult to 
establish a stable long-term network of cassava technology transfer personnel, resulting in a 
lack of technical advice and training, and a slow release and adoption of advanced farming 
techniques and new cultivars. 

2. Poor Crop Management Resulting in Low Yields. 
New varieties havc not yet been extended over a large area. Also, many good 

cultivation techniques have not yet been adopted by farmers. Most farmers are still not 
very concemed about obtaining high yields. Generally, the income of those farmers from 
cassava is not high, since their cassava planting area is sma ll; therefore, they normally do 
not invest much in cassava production and don ' t care about the yield (Tian Yinong et al., 
2000). 
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3. Serious Soil Erosion and Decline in Soil Fertility. 
In China, cassava is mainly planted on hillsides while flat and fertile land is used 

for other kinds of economic crops, like fruit trees. Cassava grown on sloping land without 
proper cultural practices can cause very serious erosion problems. Experimenta l data 
indicate that soil losses due to erosion caused by cassava planting on a 15% slope without 
any erosion control practices may be ten times higher than those obtained with good 
management practices. 

WAYS TO INCREASE CASSAVA YIELDS 

Cassava has been cultivated in China for over 180 years. Its production evolved 
from a small-scale backyard crop to large-scale commercial production; from a basic food 
crop to an upland cash crop used for animal feeding and industrial processing, while 
cropping systems gradually changed from predominantly monocropping to intercropping 
and crop rotations. 

Before the 1950s cassava was grown by slash-and-bum c ultivation oras a backyard 
crop. After the late 50s and in response to the call of the central govemment to make great 
efforts to develop agriculture, cassava was rapidly developed in south China, especially in 
Guangdong, Guangxi and Hainan provinces. For instance, from 1958 to 1964, cassava 
cultivation reached a peak with an annual growing area of about 500,000 ha. However, 
during the past two decades, the area under cassava production has been decreasing due to 
the development of highly intensive agriculture on flat land and a policy of reforestation in 
the mountainous areas. Therefore, it is very important to improve the extension of new 
cassava technologies so as to increase yields and the production value of cassava. 

Cassava yields in China have increased rapidly in the last decade. This increase 
was mainly attributed to the increased use of improved cultivars and the adoption of good 
cultivation technologies, such as application of chemical fert ilizers. Although higher yields 
can be obtained with fertilization, it may not always be profitable. Considering the fact that 
cassava is a low-value crop, only a limited amount of fertilizer can be applied 
economically. Therefore, adoption of new cassava varieties made probably the greatest 
contribution to increasing cassava yields . 

l. Cassava Varietal Improvement in China 
Cassava varietal improvement in China has historically been conducted by 

collecting and evaluating local varieties, introducing and testing of cassava germplasm, 
followed by cassava cross-breeding. 

a) Col/ection and introduction of cassava germplasm and establishment of a cassava 
germplasm bank for cross-breeding 

Over the years, China has introduced more than 60 accessions of cassava from 
CIAT/Colombia, the Thai-CIAT program or from other countries (Table 1) anda number of 
cross parents from CIAT's breeding materials have also been evaluated and are now being 
conserved. The cassava germplasm bank in China has been set up at CATAS, which 
presently has more than 200 accessions. Their major characteristics have been evaluated, 
and these are being documented and catalogued. Also, the genetic bankground of sorne 
cassava germplasm in China was studied using chromosome C-banding and RAPO 



56 

techniques (Zeng, 2002). This fills in the gaps in the fields of cassava science and 
technology in China, fonns the foundation for cassava breeding, and is a source of genetic 
diversity for selecting cross parents. From 1993 to 2002 the national cassava programs had 
produced more than 30,000 hybrid seeds from over 1,000 cross combinations, and had also 
evaluated 15,000 hybrid seeds from CIAT/Colombia and the Thai-CIAT breeding program. 

Table l. Foreign cassava germplasm introduced toCATAS from 1993 to 2002. 

Accessions Year of introduction Origin U tilization 
MCub 32 1997 CIAT-Colombia Propagation and testing 
SG I04-264 1997 CJAT-Colombia Propagation and testing 
MBra 900 1997 CIAT-Colombia Propagation and testing 
Rayong 60 1999 Rayong-Thailand Propagation and testing 
KU SO 1999 Rayong-Thailand Propagation and testing 
Rayong 72 1999 Rayong-Thailand Propagation and testing 
Rayong 90 2000 Rayong-Thailand Propagation and testing 
Rayong S 2000 Rayong-Thailand Propagation and testing 
KM 94 (=KU SO) 2000 Vietnam Propagation and testing 
KM 98-1 2000 Vietnam Propagation and testing 
KM 98-5 2000 Vietnam Propagation and testing 
KM 98-6 2000 Vietnam Propagation and testing 
KM 99-6 2000 Vietnam Propagation and testing 
SM 1210-10 2001 CIAT-Colombia Propagation and testing 
CM 3555-6 2001 CIAT-Colombia Propagation and testing 
CM 837-3 2001 CIAT-Colombia Propagation and testing 
MCol 1505 2001 CIAT-Colombia Propagation and testing 
MBra 12 2001 CIAT-Colombia Propagation and testing 

b) Establishing a national cassava tria/ nenvork, forming an integrated breeding system 
of improved varieties, testing and demonstration as well as extension of cassava 

In China, a national cassava network has been set up, ofwhich CATAS and GSCRl 
are mainly in charge of cassava science and technology research, such as cassava breeding, 
agronomic research and extension. Sorne representative experiment stations in Guangdong, 
Guangxi, Hainan and Yunnan provinces have been conducting regional trials and 
production tests. This fonns the foundation of a new cassava technology transfer network 
in China. 

e) Multiplication and dissemination ofimproved varieties 
From 1993 to 2002, six improved varieties and breeding lines have been approved 

for release (Tables 2 and 3). 
In 1994, two new improved varieties, SC 8002 and SC 8013, selected by CATAS, 

were released in south China. Of these, SC 8002 was mainly adopted in Guangdong 
province with an estimated planting area of about 10,000 ha, while SC 8013 was main1y 
adopted in the coasta1 regions of Hainan, Guangdong and Guangxi provinces with an 
estimated planting area of about 5,000 ha. Befare 1999, SC 8013 was a major variety in 
those regions affected by typhoon, due to its good wind resistance. However, the planting 
area of SC 8013 has decreased in recent years due to the high fiber content of roots, which 
makes processing difficult. 
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Table 2. Performance of sorne new varieties in Regional Trials conducted in China in 
2002. 

Fresh root yield (t/ha) 
Guangxi Hainan 

Varíe~ {121 ) {22 {32 {42 {52 {6} {72 {8} {92 {1 O} 
se 205 (CK) 36.33 58.33 23.25 41.37 24.06 26.88 22.37 12.50 30.00 
ZM 8639 45.52 53.33 28.75 39.06 25.68 52.60 50.00 
GR 891 34.41 56.25 
KU 50 56.63 41.25 35.06 
GR 911 43.28 52.08 
se 6 29.17 33.25 24.00 32.87 69.00 18.87 40.00 
se 201 61.67 
l) (1) Wuming county, Guangxi; (2) Shanxu county, Guangxi; (3) old Songtao village, Qiongzhong 

county, Hainan; (4) Lingtou factory, Quongzhong county, Hainan; (5) Nanlao vi llage, Nankun 
town, Tunchang county, Hainan; (6) CATAS, Danzhou county, Hainan; (7) Qifang town, Baisha 
county, Hainan; (8) Yuanmen village, Baisha county, Hainan; (9) October Field farm, Changjiang 
county, Hainan; (1 O) Kongba village, Qi Fang town, Baisha county, Hainan. 

Table 3. Yields of the new variety SC 5 as compared to the check variety SC 205 in five 
locations in Hainan and Guangxi provinces in 2002. 

Places 
Tunchang, Hainan 
Danzhou, Hainan 
Qiongzhong, Hainan 
Wuming, Guangxi 
Shanxu, Guangxi 
Average 

Fresh root yield (t/ha) 

se 5 
8 1.25 
57.81 
27.50 
54.39 
25.83 
49.36 

se 205(CK) 
24.06 
24.06 
23.25 
36.33 
58.33 
33.21 

Yield of SC 5 as 
% ofSC 205 

337.7 
240.3 
11 8.3 
149.7 
44.3 

148.6 

In 1997 and 1998, another two new varieties with high yield and high starch 
content, named GR89 1 and GR9 ll , selected from CIAT's breeding materials, were released 
by GSCRl. They were mainly adopted in Guangxi province with a total planting area of 
more than 3,000 ha. 

In 2000, a cross made at CATAS between ZM 8625 and SC 8013, was selected by 
farmers in Kongba village from their FPR variety trials and released by CATAS as SC 5; 
this new variety is characterized by high yield and a high starch content, and is suitable for 
planting in mountainous areas. 

In 200 1, a Thai-CIAT material known as OMR 33-10-4 was similarly selected by 
farmers and released by CATAS as SC 6; it shows good performance in terms of high yield 
and high starch content, and also has good wind resistance. 

Al! these new varieties have been released rapidly in China between 1999 and 
2002, and the total planted area of these new varieties is now estimated at 80,000 ha, with 
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an increased production of more than 1 million tonnes of fresh roots, resulting in added 
income of over 253 mi Ilion Yuan RMB. (US$ 31 mi Ilion). 

d) Promising clones in the pipeline for further testing 
From 1997 to 2002, 311 cross parents were introduced and/or produced in China, 

in the form of 11 ,888 true seeds, among which 60 cross parents from CIAT/Colombia and 
16 from the Thai-CIAT breeding program. More than 10,000 F 1 seed1ings were obtained. 
After a systemic evaluation and selection, many promis ing breeding lines have been 
idcntified, in addition to those improved varieties mentioned above. Of these, ZM 8639, 
C MR 38-120-1 O and CMR 38- 136-4 may soon be approved for release (Tables 4, 5 and 6). 

Table 4. Yield characteristics of sorne promising clones at CATAS in 2000. 

Fresh root yie ld (t/ha) Root dry matter content (%) 

Code of clones Rep 1 Rep2 Mean Rep 1 Rep 2 Mean 
se 205 20.5 35.3 
ZM 9710 30.4 3 1.1 30.8 39.8 40.1 40.0 
ZM 9705 36.3 3 1.9 34.1 38.5 37.3 37.9 
SM 2300-1 22.5 30.0 26.3 42.6 42.9 42.8 
ZM 9605 27.9 31.3 29.6 37.3 36.8 37.1 
CMR 38- 136-4 29.6 37.7 33.7 40.6 41.2 40.9 
SM 2323-6 29.6 25.4 27.5 39.1 37.3 38.2 
CMR 38-120-10 32.1 39.0 35.6 38. 1 37.9 38.0 
ZM 96135 35.2 32.5 33.9 34.2 34.5 34.4 
ZM 9690 32.9 27.9 30.4 36.9 36.0 36.5 
ZM 9649 23.6 22.5 23.1 38.8 39.4 39.1 

Table 5. Yield characteristics of sorne promising clones at CATAS in 2001. 

Fresh root yie ld (t/ha) Root dry matter contenl (%) 

Codc of clones Rcp l Rep2 Rep3 Rep4 Mean Repl Rep2 Rep3 Rep4 Mean 
se 205 28.00 37.84 
ZM 98214 33.57 25.85 29.7 1 39.25 39.95 39.60 
ZM 98246 29.61 32.53 3 1.07 42.64 41.03 41.84 
MBra 900 30.86 33.57 32.22 35. 12 31.97 33.55 
KU 50 28.36 33.15 30.76 44.20 45.00 44.60 
CMR 38-120-10 44.49 35.45 42.74 36.70 39.85 40.83 39.8 1 38.42 41.74 40.20 
ses 30.73 26.69 26.69 23.77 26.97 39.28 37.50 36.5 1 38.85 38.04 
ZM 97 10 23.3 1 25.44 27 .52 29.6 1 26.47 39.88 40.25 40.86 40.27 40.32 
ZM 8641 30.07 27.94 26.27 30.02 28.58 40.03 40. 17 42.08 39.35 40.41 
ZM 8229 19.35 25.02 24.19 30.86 24.86 37.89 40.21 39.60 37.42 38.78 
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Table 6. Yield characteristics of sorne promising clones at CATAS in 2002. 

Fresh root yield (úha) Root dry matter content (%) 

Code of clones 
se 205 
ZM 98173 
Rayong 90 
ZM 98178 
ZM 98214 
KU50 
ZM 98246 
ZM 96114 
ZM 99229 
ZM 9932 
ZM 9936 
ZM 99247 
ZM 9710 
ZM 9705 
ZM 9605 
ZM 9713 
ZM 9781 
ZM 8229 
ZM 8639 =se 1 
CMR 38- 136-4 
CMR 38-120-10 
SM 2300-1 
ZM 8641 
ZM 8803 
CMR 38- 136-1 

Repl 

24.38 
27.71 
27.71 
32.54 
38.54 
31.67 
34.79 
26.25 
25.83 
29.17 
31.25 
18.83 
16.25 
26.25 
21.13 
27.29 
17.71 
20.50 
19.92 
25.00 
22.08 
21.46 
26.46 
26.88 

Rep2 

22.92 
15.83 
8.63 

18.54 
31.58 
23.54 
19.46 
32.08 
30.92 
33.50 
26.88 
31.13 
32.13 
26.63 
14.54 
30.83 
20.33 
32.42 
34.67 
37.71 
26.04 
21.67 
24.42 
23.75 

Rep3 

18.88 
25.63 
33.33 
30.21 
22.71 
23.96 
26.04 
27.08 

Rep4 Mean 
26.45 
23.65 
21.77 
18.17 
25.54 
35.06 
27.60 
27.13 
29.17 
28.38 
31.33 
29.06 
24.98 
24.19 
26.44 
17.83 
29.06 

27.08 21.00 
24.17 25.68 
27.38 28.82 
28. 13 30.26 
28.92 24.94 
18.42 21.38 
30.96 26.97 
3 1.63 27.33 

Repl 

41.49 
42.17 
42.09 
38.80 
43.24 
35.07 
38. 13 
37.75 
39.24 
40.75 
36.74 
39.36 
36.84 
34.99 
38.69 
40.45 
34.97 
32.54 
40.56 
37.82 
43 .20 
37.66 
33.89 
39.76 

e) Comparison of different sources of breeding materials 

Rep2 Rep3 

41.45 
45.46 
42.03 
34.4 1 
41.58 
31.41 
35.82 
38.39 
39.55 
41.90 
36.90 
40.84 
38.33 
35.90 
40.01 
41.61 
35.01 36.36 
33.69 32.13 
41.09 40.16 
37.65 38.39 
44.38 44.80 
38.07 37.80 
34.82 34.84 
40.56 39.18 

Rep4 

36.86 
33.61 
39.66 
36.3 1 
34.21 
38.61 
35.91 
40.60 

Mean 
36.84 
41.47 
43.82 
42.06 
36.61 
42.41 
33.24 
36.98 
38.07 
39.39 
41.33 
36.82 
40.10 
37.58 
35.44 
39.35 
41.03 
35.80 
32.99 
40.37 
37.54 
41.65 
38.03 
34.86 
40.02 

Evaluations and selections have been made at CATAS among three sources of 
hybrid materials, which included the locally generated seeds, the introduced seeds from 
CATAS/Colombia and those from the Thai-CIAT breeding program. Many high-yielding 
clones were identified from these three sources of seed materials, but the Thai-CIAT 
materials showed a clearly superior performance. The Thai-CIAT progenies gave the 
highest population mean (all entries from the same source in the tria!) and the selection 
population mean (mean of al! selected clones from the same sources) in terms of fresh yield 
and root dry matter content. It is therefore expected that the highest selection efficiency 
will be obtained from the Thai-CIAT hybrid seed material in comparison with the locally 
generated hybrid seeds or those from CIAT/Colombia. 

From our experience we are convinced that it is impossible to make any majar 
breakthrough in our breeding program by using only our native genetic resources. As such, 
the materials introduced from CIAT/Colombia or from the Thai-CIAT program, as well as 
the crosses made between introduced and local genetic materials are playing a very 
important role in cassava varietal improvement in China (Table 7). 
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Table 7. Comparison in yield parameters among clones of different origins in 
Advanced Yield Trials at CATAS, Hainan, China in 2000-2003. 

C lones code Origin 

CMR-OMR Thai-CIAT Total 
Those superior to SC 205 

CM/S M CIAT/Colombia Total 
Those superior to SC 205 

ZM Local hybrids Total 
Those superior to SC 205 

SC205 

j) Case studies of cassava varietal re/ease 
Case l. Wuming county of Guangxi province 

Average 
No. of dry root 
clones y icld 

(t/ha) 
9 10.96 
6 15.58 
5 7.65 
2 10.15 

57 8.95 
22 10.35 

9.16 

Average Average 
fresh root root dry 

yield matter 
(V ha) content (0 o) 

27.90 39.28 
30.40 39.54 
20.27 37.76 
24.52 41.41 
24.32 36.82 
26.98 38.37 
24.98 36.66 

Wuming is the biggest cassava planting county in G uangxi province. Cassava is 
the third most important crop in this county, following rice and sugarcane. Thcrc are 39 
cassava-based starch factories with an annual production capacity of 200,000 tonnes of 
starch. Of these, five factories al so produce alcohol with a total annual capacity to produce 
30,000 tonnes of industrial alcohol. In 2002, the harvestcd arca of cassava in Wuming 
county was 15, 146 ha, while the total production reached 3 77,100 tonnes of fresh roots. 
The production of cassava starch and alcoho l were 130,000 tonnes and 10,800 tonnes, 
rcspectively. The annual output from cassava reached 360 million Yuan RMB (US$ 45 
mi Ilion) (including cassava production and processing) 

The local govemment always paid much attention to cassava development in this 
county. Most farmers have changed their ideas about planting cassava, and they actively 
request new improved cassava technolog ies, especially new varieties and good cu ltivation 
techniques. So far, the new varieties, such as Se S, GR 89 1, GR 91 1, Nanzhi 199 and se 
205 (introduced to this county in the last decade) are occupying more than 65% of the 
cassava planting area, and the yield increased substantially from 17.8 1 t/ha in 1995 to 24.90 
tJha in 2002 (Tablc 8). The average frcsh root y ield of 24.9 tJha in Wuming county is about 
1 O tJha higher than the average yield of less than 15.0 t/ha for the whole of Guangxi 
province. Many good cultivation techniques, such as intercropping, interplanting and 
covering the soil wi th plastic film (mulch) have a lso been adopted and are now 
recommended by farmers in this county. 

Table 8. Past, present and expected future cassava production in Wuming county, 
Guangxi, China. 

Year 
1995 
2000 
2001 
2002 
2005 
2008 

Planted area (ha) 
11 ,283 
14,083 
14,1 27 
15,145 
16,667 
20,000 

Fresh root yie ld (t/ha) 
17.81 
22.80 
24.45 
24.90 
30.00 (expected) 
37.50 (expected) 

So11rce: Science and Technology Bureau o.f Wuming county, Guangxi, China. 

Production ('000 t) 
201.0 
32 1.1 
345.4 
377. 1 
500.0 (expected) 
750.0 (expected) 
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Case 2. Nankun town in Hainan province: 
In Maling village of Nankun town, Tunchang county, Hainan province, more than 

20 fam1ers have been better-offby planting new cassava varieties, mainly SC 5, since 2002. 
One farmer, named Li Zengde, harvested 1.3 ha of SC 5 with a total income of 14,000 Yuan 
RMB (about US$ 1,750); Li Zengwen received 9,000 Yuan (US$ 1,125) from harvesting 
0.8 ha of new varieties. This greatly enhanced farmer's enthusiasm to plant the new variety 
and also helped the local officials to change their o ld concepts about planting cassava. The 
local govemment of Nankun town a llocated 200,000 Yuan to the Nankun starch factory for 
it to organize planting materials of the new variety to distribute to the farmers. In 2003 , the 
area planted to the new varieties was more than 50% of the total cassava planted area in the 
town. All farmers are very interested in accepting and trying to plant the new variety. It is 
estimated that the area of new varieties wi ll reach more than 90% of the total cassava 
planted area of the town in 2004. 

2. Cassava Agronomy Resea rch and Adoption of Improved Practices in China 

China has a very large population and limited land resources. S ince farm Jand is 
quite limited and cassava is still a low-value crop, increasing cassava production can not be 
achieved by increasing the planted area to any great extent, but it must be done through 
increasing yields. 

Besides releasing new varieties, better cultivation techniques, such as adequate 
fertilizer application, intercropping and interplanting, and better field management have 
also been gradually accepted by farmers recently. 

a) Cassava agronomy research 
From 1993 to 2003, in cooperation with C IAT, and supported by the Nippon 

Foundation of Japan. cassava agronomy research in China entered a new stage of 
development; many trials were conducted in Hainan, Guangxi , Guangdong and Yunnan 
provinces. This cassava agronomy research in China placed major emphasis on fertility 
maintenance, eros ion control, planting methods, time of planting and harvesting etc. Long
term ferti lization trials, conducted at CATAS, GSCRI and the Upland Crops Research 
lnstitute (UCRI) in Guangzhou, Guangdong province indicate that N was the most 
important nutrient for increasing cassava root yields during the early cropping cycles of 
cassava, but that K, and in sorne cases P, a lso became increasingly important. Results of 
soil erosion control trials conducted in Hainan and Guangxi provinces showed that contour 
ridging, intercropping with peanut or the planting of vetiver grass contour hedgerows were 
the most effective practices for reducing soil erosion when cassava was grown on slopes. 
Research on the effect of time of ferti lizer application on cassava yield, conducted at 
CATAS, showed that a basal fert ilizer application at 30 days after planting resulted in 
highest yie lds; there were no significant differences between a sing le application at 30 days 
and split applications at 30 and 60 days, or at 30, 60 and 90 days. The use of plastic film to 
cover the cassava fields is a new cultural method that has been recommended in China in 
recen! years, especially in Guangxi province. Results of many of these experiments have 
been presented by Zhang Weite et al. ( 1998b) and Li J un et al. (200 1 ). 
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h) Adoption ofimproved agronomic practices 
Due to the low profitability of cassava and the lack of recommendations for 

cultural practices in the past, farmers paid little attention to the cultivation of the crop. The 
recent expansion of cassava processing factories in China created greater demand for raw 
materials, resulting in an increase in the price of cassava roots. Farmers began to request 
information on new technologies and started to adopt sorne improved practices. Compared 
with the traditional cultural practices, the adoption of improved practices in China mainly 
involved the use of more intensive production, better varieties, more fertilizer use, higher 
plant populations, better intercropping systems, and the use of plastic film to cover the soil 
before planting. Sorne recommended practices, such as soil conservation and the optimum 
rate, time and method of fertilizer application, had a more limited impact on cassava yields 
while requiring additional labor or money; they were therefore difficult to be accepted by 
farmers and were rarely used to cultivate cassava on a large scale. But those practices 
which are simple and highly profitable wi ll be readily adopted by farmers, such as new 
varieties. On the other hand, the use of herbicides to control weeds was widely adopted by 
farmers in Guangxi and Hainan provinces. 

3. Development of Cassava-based Products 
Due to the successful development of severa! cassava-based industrial products, 

like g lucose, crystal glucose, esterified starch and hydroxyl-propyl starch, the demand for 
cassava has improved in recent years and many people have changed their ideas about 
cassava. The cassava planted area of China is expected to be maintained at its present leve! 
or to slightly increase. Even though the cassava planted area in Guangdong province has 
decreased a little, it is expected to increase in Yunnan and in sorne other parts of China, 
such as in Sichuan and Jiangxi provinces, while cassava root y ields should increase 
substantially. 

4. Policy Changes and Support of Cassava Projects 
With the entry of China into the World Trade Organization (WTO), the govem ment 

will attach more importance to research on cassava than ever before. After a long 
investigation, discussion and evaluation by a working group of experts, regarding the 
present situation and future potential of cassava in China, the Chinese central govemment 
has recognized that cassava production in China faces sorne difficulties but still has a bright 
future in the cassava-based industries. In recent years, the central govemment and many 
provincial govemments have allocated sorne money to support cassava technology 
research, and the extension of new technologies. This po licy change will markedly 
enhance the development of cassava production in China in the near future. 

5. The FPR Approacb as a Way to Enbance Adoption of New Technologies 
The FPR project helped farmers to develop and then adopt many location-specific 

new cassava technologies in China. The FPR methodologies used offer a good approach to 
cassava technology transfer in China, i.e. to identify the needs of farmers and then help 
farmers to develop practica! solutions to their problems; it offers a good communication 
platform foral! participants. 
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6. Pilot Site's Contributions to the Extension of lmproved Technologies 
One of the pilot sites of the FPR project in Kongba village of Baisha county, 

Hainan province, was particularly successful. Many trials were conducted in this pilot site 
over the years. Many farrners, extensionists, officials and researchers visited those FPR 
trials and demonstration plots in farrners' own fields. They soon found out which practices 
or clones were the best to be tested in their own lands. So it was easy for them to adopt 
new technologies. 

The annual planted area of improved cassava varieties in the village is about 133 
ha, which occupied about 98% of the total harvested areas of cassava. During 2000-2002, 
more than 500 tonnes of planting material of new varieties were available for sale by those 
participants of the FPR project, and they made an added profit of 130,000 Yuan (US$ 
16,000) from sel ling planting materials. lt was a good way to promote the development of 
cassava production and an efficient way to propagate the new varieties for distribution to 
other cassava growing areas. 
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ABSTRACT 
During the first phase ( 1994-1998) of the Nippon Foundation project on "Improving the 

Sustainability of Cassava-based Cropping Systems", two pilot sites were selected, namely Soeng 
Saang district, Nakhon Ratchasima province, and Wang Sombuun district, Sra Kaew province. 
Farmer Participatory Research (FPR) trials on methods to reduce soil erosion were conducted for 
three consecutive years. After narrowing down the number of suitable options, farmers in both si tes 
finally selected and adopted the contour strip cropping of cassava with vetiver grass hedgerows. 
They also requested further support to extend the vetiver grass hedgerows on a larger scale to thei r 
cassava fields. In Soeng Saang district, farmers in Sapphong Phoot village got together to set up a 
Soil Conservation group. They agreed to plant vetiver grass hedgerows with a total length of 17 
kilometers in the first year of 1998. Similarly, farmers in Wang Sombuun district planted vetiver 
grass hedgerows with a total length of about 1 O kilometers. During the final year of the first phase, 
DOAE had extended the project to two other sites in Kalasin and Chachoengsao provinces. 

At the end of the second phase of the project ( 1999-2003), a total of 33 villages in 21 
districts, in 11 provinces had participated in the project. To be able to scale out to so many new 
sites, the project used and developed severa! Farmer Participatory Extension (FPE) methodologies, 
such as cross-visits, farmer evaluation of demonstration plots, FPR trials, training courses and field 
days. In addition, DOAE helped farmers in 21 sites to set up "Cassava Development Villages", i.e. 
community-based self-help groups that help each other to develop better cassava production 
practices and protect the natural resources in the community. The final result is that farmers in all 
villages adopted vetiver grass hedgerows as the most suitable system to reduce erosion. At the end 
of 2003, 865 farmers were participating in the project and the total Jength of the vetiver grass 
hedgerows had grown to 145 kilometers, covering 940 ha of cassava fields. In addition, farmers also 
adopted new cassava varieties, such as Rayong 5, Rayong 72, Rayong 90 and Kasetsart 50, and they 
are using more chemical fertilizers as well as animal manures. Recently, farmers have shown a new 
interest in trying out the use of green manures in their FPR trials; as a result of these trials they ha ve 
now adopted the planting of Canavalia ensiformis as a green manure between cassava rows. 

INTRODUCTION 
Cassava can grow well even in low fertility soils and under low rainfall conditions. 

However, the rate of soil erosion in cassava fields is quite high, particularly in sandy soils 
with a low organic matter content. This is due to the wide plant spacing used and the slow 
growth of cassava during the first three months (Putthacharoen, 1992). Joint research 
between the Centro Internacional de Agricultura Tropical (ClA T), the Department of 
Agriculture (DOA), and Kasetsart University (KU) revealed that adjustments in planting 
methods or planting systems could markedly reduce soil erosion. At least 24 ways to 
reduce soil erosion were included in demonstration trials; for instance, intercropping with 

1 Rice and Field Crops Promotion Division, Department of Agricultura! Extension (DOAE), 
Chatuchak, Bangkok, 10900 Thailand. 

2 Field Crops Research Institute, Dept. of Agric., Chatuchak, Bangkok 10900, Thailand. 
3 Centro Internacional de Agricultura Tropical (CIA T), Department of Agriculture, Chatuchak, 

Bangkok, 10900 Thailand. 
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various field crops, such as maize, groundnut, mungbean, pumpkin and watermelon; the 
use of various chemical fertilizers, manures or grecn manures to stimulate early growth; or 
contour strip cropping with sorne grasses, such as ruzie grass, e lcphant grass, vetiver grass 
and lcmon grass. Each method has its advantages and disadvantages. Sorne methods give 
extra income, but sorne need more management or more investment. The problem is sti ll 
whcthcr or not the farmers would adopt any of thcsc mcthods. In 1994, CIAT, in 
coopcration with DOAE and DOA, started on-farm trials using Farmer Participatory 
Rescarch (FPR) techniques. This methodology will cnhancc thc fanners' awareness of soil 
erosion probl ems. This approach also encouragcd farmers to decide for rhemselves which 
method of soil erosion protection is suitablc and practica! for their communities. The 
farmers conducted the trials by themselves undcr supervision of DOAE and DOA staff. 
Evcntua lly, the farmers were the ones who sclcctcd the soil conservation method that was 
most suitablc and e fficient for them. 

In thc first phase of the FPR projcct ( 1994-1998), two pilot si tes were selected, 
namely Soeng Saang district in Nakhon Ratchasima provincc, and Wang Sombuun district 
in Sra Kaew province. FPR trials on soil erosion control methods were conducted 
continuously for three years. Finally, thc farmers in both sites chose and adopted the 
contour strip cropping wi th vetiver grass. They also requested further support to extend the 
vetiver contour hedgerows on a larger scale o f their cassava fields. In Sapphong Phoot 
village of Soeng Saang district, the fanners decided to form a group for soi l and 
environmental conscrvation. They agreed to plant vetiver grass in contour hedgerows for a 
total length of 17 km in the first year, 1998. Similarly, farmers in Wang Sombuun district 
plantcd vetiver grass hedgerows totaling about 1 O kilomctcrs. In the final year of the 
first phasc, DOAE extended the project to two additional s ites in Kalasin and 
Chachoengsao provinces. 

In the second phase (1999-2003), 33 vil\ages in 21 districts in ll provinces 
participated in the Project. This promoted the learning and understanding of soil and water 
conservation by more officers and farmers. The implementation still followed the farmer 
participatory research approach but added more extcnsion activities. 

THE FARMER PARTICIPATORY RESEARC H (FPR) AND EXTENSION (FPE) 
PROJECT 

t. Objectives 
l. To make cassava growers aware of the importance of soil conservation and the 

need to reduce soil erosion, and to cncourage direct farmer participation in decision 
making and in the selection of suitable soil conservation practices. 

2. To scalc-up thc adoption of selected methods to more farmers and over a widcr 
arca. 
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2. Responsible Organizations 

Table 1 shows the responsibi lities and activities conducted by the six institutions 
involved in the second phase of the FPR project in Thailand. 

Table l. Institutions collaborating in the second pbase of th e Nippon Foundation 
Cassava Project in Thailand, and their main activities and responsibilities. 

Organization 
Centro Internacional de Agricultura 
Tropical (CIA T) 

Department of Agricultura! Extension 
(DOAE) 

Department of Agriculture (DOA) 

Land Development Department (LDD) 

Thai Tapioca Development lnstitute 
(TTDI) 

Kasetsart University 

Responsibil ity/ Activity 
-Provide budget 
-Stafftraining and workshops 
-Monitoring and evaluation 
-Facilitate project activities in the vi llages 
-Organize farmers meetings (using farmer 

participatory methods) 
-Provide budget 
-Training/lectures 
-Monitoring and evaluation 
-Support technical knowledge 
-Conduct demonstration tria ls and take part in field 

trials 
-Take part in monitoring and evaluation 
-Training/lecturers 
-Support knowledgc on vetiver grass growing 

and the use of green manures 
-Provide vetiver tillers and green manure seeds 
-Survey and set out contour lines for vetiver strips 
-Take part in monitoring and evaluation 
-Conduct demonstration trials 
-Training/lectures 
-Provide training facilities 
-Take part in monitoring and evaluation 
-Conduct research on effective and suitable soil 
conservation practices 

-Conduct demonstration tria ls 

3. Farmer Participatory Research (FPR) and Extension (FPE) Activities 

This process consisted ofthe fo llowing steps: 
l. Select pilot sites and conduct RRAs 
2. Conduct demonstrat ion plots 
3. Organize cross-site visits 
4. Conduct FPR trials with farmers 
5. Training 
6. Farmer meetings 
7. Field days 
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8. Establ ish cornrnuni ty-based self-help groups 
9. Media productions 
10. Additional acti vi ties 

l. Select pilot sites and conduct Rapid Rural Appraisals (RRAs) 
The criteria for selection of project s i tes were: 

- Cassava is the rnain crop in the arca, it is grown on s lopes and soil erosion is a senous 
problern 

- Farmcrs and extensionists rnust be eager to work together to solve various problerns. 

After a prelirninary selection of suitable s ites the agro- and socio-econornic 
conditions of these potential si tes were further explored by conducting Rapid Rural Appraisals 
(RRAs) in every site. The problems of cassava production were also discussed with the 
farrners. 

2. lnstal/ demonstration plots 
Demonstration plots showing rnany options to control erosion were laid out in 

different research centers as well as on sorne farrners' fields. Farrners frorn cvcry new pilot 
site camc to visit these dernonstration plots, to evaluate the treatments and discuss and 
select the most suitable practices to control erosion. 

3. Organize farmers' meetings and cross-site visits 
Farmers' rneetings were held in the selected villages to discuss the objectives, 

principies and procedures ofthe project. Ways to improve their soil's fertility by the use of 
animal or green rnanures or chemical fertilizers were also discussed. The farrners then 
discussed and decided for thernselves whether or not they wantcd to participate in the 
project. In case farmers were not interested, the project would look for other sites. 

Fam1ers who wanted to participate in the project were invited to join the study tour 
to observe the demonstration plots on soil erosion control methods as described above. 
After this, farrners from a new s ite would visit an "older" si te, either Sapphong Phoot 
village in Nakhon Ratchasirna province, or the farrners group of Khlong Ruam vi llage in 
Sra Kaew province. Fam1ers in both these si tes had already adopted the planting of vetiver 
grass contour hedgerows. This was an opportuni ty to exchange experiences between the 
visitors and the hosts. The idea of establishing a v illage credit fund and the adrninistration 
ofthis fu nd were a lso discussed. 

At the end of the study tour, fanners were asked whether they were interested in 
either conducting their own FPR trials on various topics, including erosion control, or to 
adopt any of the observed soi 1 eros ion control practices right away. ln rnost cases, farrners 
preferred to adopt the planting of vetiver grass hedgerows, beeause they had already 
observed the efficiency of these hedgerows for soil eros ion control under farrning 
conditions. 

4. Conduct FPR trials otr ways lo increase cassava yields 
In case farrners wanted to conduct their own FPR trails, they were provided with 

sorne extra inputs, such as seeds of intercrops, seeds or ti llers of hedgerow species, plastic 
sheets to cover the sedirnent collection ditches, and they were reimbursed for the cost of 
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digging the ditches. Officials from OOA and DOAE helped fanners lay out the field trials. 
Altematively, if fanners wanted to adopt the planting of vetiver grass hedgerows, they 
would receive the necessary vetiver sl ips and help from LDD in setting out contour lines. 

Usually, DOAE staff would suggest farmers to conduct additional FPR trials on 
new cassava varieties, chemical and organic fertilizers, or green manures. These trials 
provided fanners with infonnation on how to increase cassava production efficiency and 
also helped to stimulate their interest in participating in the project. 

5. Training of staff 
Training workshops were organized by C IAT to train the project statT of the thrce 

departments, namely DOA, DOAE, and LOO in both the central and regional offices, in 
the use of fanner participatory research and extension methodologies. Furthermore, CIA T 
provided additional training of the main trainers by sending them to courses abroad. 

6. Techno/ogy transfer through Farmer Participatory Extension (FPE) 
In order to transfer technologies with fanners' participation, a budget was a llocated 

to support 4-6 fanners ' meetings annually. The topics included discussion on project 
implementation and the possible solutions for both project management and crop 
production. The local extension agents actcd as coordinators to invite the experts or 
lecturers from outside according to the farmers' needs. 

7. Field days 
The project organized three levels of fanner field days: 
7.1 Village leve/. This was the harvcsting field day. After the tria! plots wcrc harvested, all 

data were recorded and the rcsults were analyzed togcthcr with the farmers. In this 
way, the farmers leamed and obtained information to make decisions about which 
technologies were most suitable for their village conditions. They then discussed and 
planned for action in the following year. 

7.2 District leve/. The purpose of these field days was to disseminate thc teclmologies 
selected from FPR trials to nearby villagcs and sub-districts. On the field day, the 
fanners shared their knowledge with other farmers. Staff from DOA, DOAE and 
LOO also discussed how to increase cassava yields, increase soil fertility by planting 
green manures, and to control erosion by planting contour strips of vetiver grass. 
These field days took place in the project vi llage so that farmers would be able to 
study the real situation. This technique was quite effective as the visiting fanners 
wcre interested in duplicating the practices of soil erosion control in their own areas. 

7.3 Provincial leve/. At this leve!, approximately 1,000-1 ,500 fanners and officials from 
nearby provinces were invited to visit the field day. Farmers of the host village 
prcsented the results of their FPR trials to the visiting fanners and officials. Reporters 
from newspapers and television stations were also invited in order to report the project 
activities through the wider mass media. 

8. Media production 
ln order to disseminate the project activities and information to a larger audience, a 

video showing how to operate development work through fanners' participation was 
produced and distributed to many provincial offices and agencies. The Office of the Royal 
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Development Proj ects Board also supported the Project by providing a booklet series, "The 
Factual Tips about Vetiver", for distributi on to the farmers who participated in the project. 

9. Additional Activities 
The following additional activities were organized: 
9.1 Training course for making handicra.fts from vetiver leaves: The training course was 

aimed at offering a choice to generate income from vetiver grass leaves. So far, the 
farmers from three villages: Sapphong Phoot village in Soeng Saang district, Khut 
Dook vil lage in Daan Khun Thot district of Nakhon Ratchasima province, and Huai 
Suea Ten village in Sahatsakhan district of Kalasin province were trained. The 
trainers ofthe courses were provided by the Department of Industrial Promotion. 

9.2 Setting up Cassava Development Villages: Since the year 2000, DOAE has adjusted the 
project implementation by setting up the so-called "Cassava Development Villages". 
The farmers in the target villages were trained to have more knowledge and be able to 
develop a clear understanding of the bencfits and the need to conserve soil resources 
for generating higher y ields. The planting of vetiver grass hedgcrows across the slope 
and the use of green manures to increase soil fertility were discussed. DOAE provided 
the farmers with planting material of good varieties of cassava, chemical fertilizcr, and 
vetiver slips on condition that they rerum the value o f these materials to the village
revolving fund after the harvest. The rate of interest charged was agreed upon among 
the villagers themselves. Futhermore, the members voted to elect the "Fund 
Administration Committee", which comprised a chairman, a vice-chairman, a 
treasurer, and a secretary as the mínimum number. Rules and regulations were 
defined according to the members ' resolution. 

FINAL RESUL TS AND DlSCUSSlON 

The implementation of the FPR Cassava Project over the past ten years has had a great 
impact on the farmers ' awareness of the importance of soil erosion prevention. After testing 
various options to reduce soil loss by erosion they selected the planting of vetiver grass 
hedgerows across the slope as the most suitable and effective eros ion control practice. 
Presently, this practice has been adopted in 20 villages located in nine provinces. 
Altogether, 866 farmers participated in planting vet iver hedgerows with a totallength of 145 
km in their cassava fie lds, using a total of 1.6 million vetiver slips. Furthermore, farmers in 
a few vi ll ages adopted the planting of Canavalia ensiformis Uack bea n) as a green 
manure. In addit ion , 2 1 "Cassava Deve lopment Villages· were establis hed . At 
present, members of these farmers' groups ha ve access to a revolving fund , which range in 
size from Baht 40,000 to 380,000 per group, with a total of Baht 1 ,745,922, to be used for 
the development of these communities (Table 5). The establi shment of these groups is a 
way to strengthen rural communities in thc future. Besides, DOAE tries to make use o f the 
project sites for field visits by farmers from nearby villages, sub-districts, districts and 
provinces in order to encourage further scaling-up ofthe project results. 
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Tablc S. Loca tlon of pilot sites for thc projcct "Enahancing thc Adoption of Soil E ros ion C ontrol Pract iccs in Cassva Ficlds", thc cx tcnt of 
a doption ofvetiver grass hcdgcrows, a nd thc s tatus of the village r cvolving credit funds at thc end of 2003. 

No. of Cassava No. of Le ngth Crcdit 
Provmcc District S ubdis tric t Vil lagc fam1crs arca vetiver hcdgcrows fund 

~rai ~ 11 21ants (km) (bah!) 

l . Kalas in Mueang Phuu Po Noon Sawan } 61 306 85.500 !<.6 40.000 
2 . Kham in Khamplaafaa 
3. Nongkungsri Nong Bua Khamsri 67 690 111 ,600 1 1.2 X5 ,850 
4 . Sahatsak.han Noonburi Noon Sawaat 63 370 86,170 8.6 75,000 
5. Noon Nankliang ! Juay Suea Te n } 42 254 128,330 12.8 141 , 180 
6. Paa Kluay 
7. Naamon Naun1on Noon Thiang 50 150 200,000 20.0 3 1.500 
8. Huay Phueng N ik.hom Huay Faa 65 150 40,000 4.0 50,300 
9. Don Chaan Dong Phay ung Noon Kokchik SR I SO 55,000 5.5 55,000 

10 . Roy Et Phoochai Kham Pha-ung Phuu Khaw Thong 30 IR 2,000 o o 

1 1. Kamphacngphct Khanuwaralakburi Bo Tham S iiyaek-Ton Thoo 4 2 170 68.000 3.0 126 , 193 

12. C hayaphum Thepsathit Naayaang Klak Khook Anu 42 170 68.000 4 .0 126.400 

15. Nakhon Ratc hasima Thepharak Buc ng Pruc 3 and 6 26 2 14 80,000 1 1.0 54.000 
17. Daan Khun Thot Baan Kaw Khut Dook 53 109 130,000 15.0 132.000 
IH. Soeng Saang Noon Sombuun Sapphong Phoot 60 828 80.000 10.0 73.300 
19. Sra Takhian S ra Takhian o 30 20.000 2.0 o 
20 . Khonburi Tab(lekbaan Nong Phak Rai 27 150 50,000 0 .0 20.000 

2 1. Prachinburi Naadii Kac ng Dinso Aang Tho ng } 42 170 60,000 4 .5 84.ROO 
22. Khaw Khaat 

23. Chachocngsao Sanaarn Chaykhct Thung Phraya Thaa Chiwit May 40 45 50 .000 2.0 101 .900 
24. Thaa Takiab Khlong Takraw Nong Yai 42 170 100.000 5.3 l mUOO 

27. S ra Kacw Wang Sombuun Wang Sombuun Khlong Ruarn 42 1380 90 ,000 9.0 380.000 

28. Cho nburi Bo Tho ng Kasct S u wan Thammarat+6 othcrs 60 15 30,000 3.0 o 

3 1. Ratc habuti Baan Poong Khaw Khalung Poong Yo 42 20 o o o 

32. Ka nc hanaburi Law Khwan Thung Krabam Nong Kae 42 170 80,000 3.0 60.000 
33. Say Yook Say Yook Dauw Dueng 42 20 20.000 2 .0 o 

Total 11 21 24 33 1,038 5,896 1,634,600 145 1,745.922 

1 ha 6.25 rai 
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LESSONS LEARNED 

The foll owing lessons have been learned frorn the project: 

l . The irnplernentation of a project that has as its obj ective to conserve soil, water and the 
environment, rnust involve the people of the whole cornrnunity, or at least, it rnust start 
with sorne parts of the community that participate in the proj ect. The villagers rnust be 
aware of the seriousness of the problerns that need to be solved by sharing their 
opinions and by rnaking decisions together. 

2. The technologies offered to the farrners rnust have a direct positive effect on y ield and 
rnust be adapted to their way of life. For exarnple, the adoption of vetiver grass hedgerows 
to control erosion and íntercropping cassava with j ack bean as a green rnanure is likely to 
irnprove soil fertil ity, which in tum rnay result in increased cassava y ields. 

3. The duration of a project is also another significant factor for its success, because the 
soil erosion problern does not have an immediate irnpact on the daily lives of the 
farmers. Thus, farmers need sorne time to become aware of the problem, to test 
severa) treatrnents and to confin n the rcsults befare they decide to adopt soil 
conservation practices. In this case, the project was able to continue for at least ten 
years. 

4. Agricultura) extensionists need to change their role, frorn recommending certain 
practices to being a facilitator, to encourage rnernbers of the community to participate 
in analyzing their problerns and searching for solutions. In many cases, they can act as 
the coordinator to seek help and knowledge frorn outside. Nevertheless, the needs 
rnust be identified by the cornrnunity. 

5. Sorne incentives or subsidies of sorne production inputs are necessary, particularly for 
the conducting of fie ld tria ls, to provide vetiver slips and to help set out contour lines 
after farmers have decided to adopt the use of vetiver grass contour hedgerow 
planting. 

6. Fanners should be given freedorn to select and rnodi ty the soil erosion prevention 
treatrnents to be tried on their own field. For exarnple, they can test the use of other 
grasses or other crops as contour hedgerows, such as sugarcane for chewing or upland 
n ce. 

7. The forming of farmers' self-help groups will provide opportunitíes for rnernbers of 
the community to express their opinions and find the best ways for future 
developrnent. Support frorn outsiders in terms of supply ing planting materials, 
fert ilizer, seeds, etc., with the condition that the users of the inputs retum these to start 
the village revolving funds, rnay be a way of strengthening their developrnent. 

REFERENCES 
Howeler, R.H . 1987. Soil conservation practices in cassava-based cropping systems. In: T.H. Tay, 

A.M. Mokhtaruddin and A.B. Zahari (Eds.). Proc. lnt. Conf. on Steepland Agriculture in the 
Humid Tropics, held in Kuala Lumpur, Malaysia. Aug. 17-2 1, 1987. pp. 490-517. 

Howeler, R.H. 1994. Integrated soil and crop management to prevent environmental degradation in 
cassava-based cropping systems in Asia. In: J.W.T. Bottema and D.R. Stoltz (Eds.). Proc. 



73 

Workshop on Upland Agriculture in Asia, held in Bogor, Indonesia. April. 6-8, 1993. pp. 195-
224. 

Putthacharoen, S. 1992. The loss of plant nutrients in cassava fields compared with those of other 
field crops. MSc thesis, Kasetsart Univ., Bangkok. (in Thai) 

Vongkasem, W. 1998. Report on the Result of the Project on the lmprovement of Cassava Yield 
through Soil Improvement. Field Crops Section, Rice and Field Crops Promotion Division, 
Department of Agricultura! Extension, Bangkok. (in Thai) 

Vongkasem, W. 2000. A project on the adjustment of cassava production systems to reduce soil 
erosion. Proc. 2"d Conf. on Agríe. Extension, held in Khon Kaen, Thailand. Aug 16-1 8, 1998. pp. 
213-226. (in Thai) 

Vongkasem,W., K. Klakhaeng, S. Hemvijit , A. Tongglum, S. Katang, D. Suparhan and R.H. 
Howeler. 200 l. Reducing soil eros ion in cassava production systerns in Thailand: A farmer 
participatory approach. In: R.H. Howeler and S.L. Tan (Eds.). Cassava's Potential in Asia in 
the 21" Century: Present Situation and Future Research and Development Needs. Proc. 6'h 
Regional Workshop, held in Ho Chi Minh city, Vietnam. Feb 21-25, 2000. pp. 402-412. 



.2'J t/; ; 
.; .., 

74 

THE USE OF A FARMER PARTICIPATORY APPROACH IN CASSAVA 
TECHNOLOGY TRANSFER lN THAILAND 

Banyat Vankaew1
, Preecha Petpraphai'. Watana Watananonta1

, Wilawan Vongkasem3 and 
R.H. Howeler4 

ABSTRACT 
The Thai Tapioca Dcvelopmcnt lnsti tutc (TTDT) was establish at the end of 1993 with the 

main objective to transfcr technologics lo improve the cassava cultivation systems uscd by Thai 
farmers through thc mulliplication and distribution of planting material of high-yielding cassava 
varieties, and by conducting demonstrations and training programs (Charae Chutharatkul, 2008). 

Since 1993 severa! new cassava varieties have been released. such as Rayong 5, Kasetsart 
50 and Rayong 72. Betwcen 1995 and 200 1 TTDI has trained more than 30,000 farmers and 
farmcrs ' leadcrs, and distributed 40 million stems of new varictics to the farmers. Although the 
training program uscd one-way technology transfer methods, farmers adopted some of the new 
tcchnologies, mostly thc planting of new varieties. 

From Jan 17 to 21, 2000, CIA T organized a training-of-trainers coursc on farmer 
participatory research (FPR) for researchers an extensionists in Thailand. The training program on 
FPR encouraged a ncw attitude and thc use of new methodologics for Thai researchers. Six 
researchers from TTDI participated in this training program. 

From 2002 to 2003 TTDT trained 465 farmers' leaders from 21 provinces of Thailand who 
had planted cassava. TTDI adopted a new way of training using FPR mcthodologies with farmers· 
leaders, such as brainstorming with cards, problem diagnosis, demonstration of new varieties. 
erosion control, etc. 

After training farmcrs adoptcd ncw technologies by thcmsclves. Researchers also changed 
their attitude and instcad of using a one way technology transfer they adopted a two-way "bottom
up" approach. Espccially after researchers conducted a problem diagnosis with farmers using these 
FPR methodologies fanners had more activitics to concentrate on their own problems. 

Furthermore, TTDI started a new project to transfer new technologies to farmcrs by joining 
together with farmers on their fanns in order to multiply and distribute new varieties and new 
cassava planting systems, to reduce product ion costs and increasc cassava root yields and starch 
contents. This ncw project will use a fanner participatory research approach and use various FPR 
methodologies. 

INTRODUCTION 
The original TTDI fanner training program conductcd from 1993 to 2001 covered 

the following topics: recently released cassava varieties. land preparation, planting systcms, 
soil improvement and erosion control, and marketing aspects. More than 30,000 fanners 
participated in thcse 2-day training courscs. In addition, from 2002 to 2003 TTDI trained 
465 farmers' leadcrs to improve farmers' technologies for cassava cultivation in order to 
increase cassava yiclds and starch contents, and transfcrred effective technologies to 

1 Thai Tapioca Development lnstitute (TTDI), Huay Bong, Nakhon Ratchasima, Thailand. 
2 Department of Agriculture (DOA), Chatuchak, Bangkok, Thailand. 
3 Department of Agricultura! Extension (DOAE), Chatuchak, Bangkok, Thailand. 
4 Centro Internacional de Agricultura Tropical (CIAT), Cassava Office for Asia, Dept. Agricullure. 

Chatuchak, Bangkok, Thailand. 
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control erosion. The training program was free of charge and included transpon from their 
homes in 21 provinces in Thailand to TTDI's research station located in Huay Bong, Dan 
Khun Thod, Nakhon Ratchasima. Farrners' leaders received training in five separate 
groups between November 8, 2002 and August 16, 2003 on the topic "How to increase 
cassava yields to 31 tonnes/hectare (5 tonnes/rai). During the training many FPR 
methodologies were uscd such as problem diagnosis. Field problems experienced by 
farrners in cassava production were studied and discussed. Farmers participated actively in 
the problem diagnosis. 

RESUL TS AND DISCUSSION 
The farrners who participated in this training project are farmers' leaders from 

many parts of Thailand (Table 1). These cover almost all cassava planting areas except 
sorne from the Eastern part of Thailand, such as Chonburi, Rayong, Chanthaburi, 
Chachoengsoa and Srakeaw wh ich are also important cassava areas. Al! the farmers' 
leaders who participated in this training had previously participated in the basic courses on 
cassava cultivation conducted by TTDI from 1993 to 2001, and had already received 
planting material ofnew varieties such as KV 50 or Rayong 5 from TTDI. 

Table l. Number and origin of farmers' leaders participating in the FPR training courses in 
2002 and 2003. 

Number of fanncrs' in each group 

Province Group 1 Group 2 Group 3 Group 4 Group 5 Total 
Nakhon Ratchasima 62 18 28 108 
Chayaphum 13 12 25 
Buriram 9 2 11 
Ka las in 56 56 
Khon Kaen 14 14 
Mahasarakham 2 2 
UdonThani 24 24 
Loei 12 12 
Nong Bua Lamphu JO 10 
Sakhon Nakhon 9 9 
Nakhon Sawan J8 7 25 
Kamphaengphet J2 52 64 
Pitsanulook 18 18 
Utaradit 3 1 31 
Uthai Thani 12 12 
Ratchaburi 10 JO 
Kanchanaburi 8 8 
Suphanburi 5 5 
Chainat 10 10 
Lopburi JO 10 
Prachinburi 

Total 75 68 114 55 153 465 
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The FPR training program used various parttctpatory methodologies such as 
problem diagnosis. The farmers were asked to identify and prioritizc their problems. This 
inforrnation can be useful for rescarchers so they can focus their research on the real needs 
of the farmers. 

The relat ive importancc of each of the cassava cultivation problems are shown in 
Table 2. The first group of farrners carne frorn Nakhon Ratchasirna and Chayaphurn. For 
these farrners thc main problem was lack of capital, the deterioration of soil fertility and 
soil compaction . These problcms rcceived scores of 35.48, 24.58 and 22.73%, 
rcspectively. 

Table 2. Results of farmer participatory problem diagnosis using brainstorming with cards to 
identify the problems, followed by a matrix ranking11 of these problems by five 
different groups of farmers from various parts of Thailand. 

Matrix ranging (0 o) 

Ficld problcms for cassava production Group 1 Group 2 Group 3 Group 4 Group 5 

l. Detcrioration of soil fertil ity 24.58 21.18 34.77 32.80 45.26 

2. Discascs and inscct pests 3. 10 24.39 13.77 2 1.23 10.11 

3. Lack of capital 35.48 8.82 1.36 4.27 

4. Lack of know-how 1.92 8.02 9.09 14.89 14.81 

5. Lack of new varictics 4.69 12.19 12.75 3.0 1 5.05 

6. Soi 1 compaction 22.73 

7. Lack of rain 5.03 3.37 9.09 5.86 1.10 

8. Wecds 11.07 5.61 5.54 
9. Lack of organic matcrials for soi l improvcment 2 .43 5.54 2.38 12.36 

10. Soil erosion 1.28 11.40 

1 l. Lack of government support 8.64 
12. Low land potential 3.99 3.58 

13. LO\\ price of cassava 4.17 3.48 

14. Chemical fertil izer of poor quality 3.65 

11 Each group offarrncrs receivcd the samc number ofbeans to distribute among thc various problems 
previously identificd, to indicate their rclative importance. 

Source: Chareinsuk Rojanaridpiched. 2004. 

Average 

31.72 

14.52 

9.99 

9.75 

7.54 

4.55 

4.89 

4.44 

4.54 

2.54 

1.73 

1.51 

1.53 

0.73 

The second group of fam1ers carne from Nakhon Ratchasima, Chayaphum, 
Burirarn, Nakhon Sawan and Lopburi. The rnosl important problems for this groups are 
diseases and insect pests followcd by the deterioration of soil ferti lity and lack of new 
varieties. These problems received score of 24.39, 2 1.18 and 12. 19%, respectively. 

The third group carne frorn Nakhon Ratchasima, Kalasin, Khon Kaen, 
Mahasarakharrn and Kamphaengpet. Thc main problerns identified by thi s group are 
almost the sarnc as thosc of the second group, starting frorn the deterioration of soil 



77 

fertiliry , diseases and insect pests and lack of new varieties. These recei ved scores of 
34.77, 13.77 and 12.75%, respectively. 

The 4th group carne from the Northeast of Thailand, main ly from Udon Thani, 
Loei, Nong Bua Lamphu and Sakhon Nakhon. The main problems for this group are the 
deterioration of soil fertility, diseases and insect pests and lack of know-how about good 
cultivation methods. These received scores of 32.8, 21.23 and 14.89%, respective! y. 

The 5th group carne from Nakhon Sawan, Kamphaengpet, Pitsanulook, Utaradit, 
Uthai Thani, Ratchaburi, Kanchanaburi, Suphanburi and Chainat. The most importan! 
problems for this group are deterioration of soil fertility, lack of know-how for good 
cultivation methods and soil loss by erosion. These problems received score of 45.26, 
14.81 and 11.40%, respectively. 

CONCLUSIONS 
FPR is an effective methodology to transfer technologies to farmers. Farmers had 

more understanding and a good interaction with researchers. Also, farmers were more 
interested to leam new things than befare. Especíally when researchers would like to 
quantify their observations about something, they can use various FPR methodologies to 
leam about farmers' opinions. In a Rapid Rural Appraisal (RRA) the questions need to be 
clear as farmers are sometimes afraid to speak out. 

Finally, this report indicates the most important problems of cassava field 
production as perceived by the farmers. The results show that the main problems are the 
deterioration of soil ferti lity, diseases and insect pests, lack of capital, lack of know-how 
and lack of new varieties; of secondary importance are soil erosion, the low price of 
cassava etc. Cassava researchers and extensionists of the govemment or the prívate sector 
need to improve farmers' know-how and try to salve farmers' problems in order to increase 
the sustainability of cassava production in Thailand. 
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ADOPTION OF NEW TECHNOLOGIES ANO THEIR IMPACT ON CASSAVA 
PRODUCTION IN THAILAND 

ABSTRACT 

Watana Watananonta1
, Kaival K/akhaeni. Wilaval Vongkasem1 

and Reinhardt H. Howeler3 

During the first 2-3 months after cassava planting, the rate of canopy establishment is rather 
slow. As such, part of the soil remains exposed to the dircct impact of rainfall which can cause 
serious erosion. Complete canopy cover in a cassava crop takes a rather long time, normally 3-4 
months. lf farmcrs do not apply much fertilizers to cassava, soil fertility may decline whi le plant 
nutrients in thc soil may be lost due to erosion when the crop is grown on slopes. Although nutrient 
extraction and removal by cassava tends to be less comparcd with many other crops. soil loss due to 
erosion may be higher because of the crop's slow initial dcvelopment. Past research has shown that 
fertilizer application, reduced tillage, contour ridging, mulching, intercropping and the planting of 
contour hedgerows can greatly reduce erosion, Nevcrtheless, farmers seldom adopt such soil 
conservation practiccs, mainly because the recommended practices are not suitable for the local 
conditions, they may be too costly or require too much labor, or they may be ineffective. Moreover, 
fa rmers are not aware of the amount of soillost by eros ion. 

The farmer participatory research (FPR) cassava project, conducted over the past ten years 
in more than 30 pi lot sites in Thailand, shows that farmers can make their own decisions, and that 
they are wi lling to adopt new technologies, such as new cassava varicties. improved fertilization, use 
of animal or green manure, and herbicides, especially when the use of these practices lead to a 
higher net income. The FPR erosion control trials showed farmers that the planting of contour 
hedgerows of vetiver grass, or other grasses or legumes, was very effective in reducing erosion. The 
use of a farmer participatory approach was very effective in developing more suitable varieties and 
production practices, which farmers could readily adopt and then disseminate to other farmers in 
neighboring communities. The widespread adoption of new varieties and improved agronomic 
practices, including soil conservation, has resulted in markcd increases in cassava yields in Thailand 
over the past ten ycars. The additional gross income of farmers due to the increased yields obtained 
today as comparcd to those in 1994, is estimated to be about US$ 147 million annually. 

INTRODUCTION 
Cassava (Manihot escu/enta Crantz) is usually grown by smallholders in upland 

areas on poor soil with low or unpredictable rainfall. In the northeastem and eastern 
regions ofThai land, cassava is grown on almost flat or s lightly undulating terrain. But due 
to the vcry light texture of the soi l and the very low levels ofsoil organic matter (OM), soil 
erosion can still be very serious. S ince most cassava farmcrs are poor, they tend not to 
apply sufficient fert ilizers to cassava; this can lead to a decline in soil fertility and low 
y ie lds, and this further exacerbates soil erosion. Past rescarch by Kasetsart University in 
T hailand, has shown that cassava cultivation caused twice as much soil erosion as 

1 Field Crops Research Institute, Department of Agriculture, Chatuchak, Bangkok, 10900 Thailand. 
2 Rice and Field Crops Division, Dept. of Agric. Extension, Chatuchak, Bangkok, 10900 Thailand. 
3 ClA T, Cassava Office for Asia, Dept. of Agriculture, Chatuchak, Bangkok, 10900 Thailand. 
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mungbean, and three times as much as maize, sorghum and peanut (Puttacharoen et al., 
1998) grown during the same 4-ycar period. 

Research on erosion control practices indicates that soil losses duc to erosion can 
be markcdly reduced by various agronomic practices combined with simple soil 
conservation practices, including agronomic practices such as mínimum or zero tillage, 
mulching, contour ridging, intercropping, ferti lizer or manure application, and closer plant 
spacing. Soi l conscrvation pract ices include terracing, hi llside ditches and planting contour 
hedgerows of grasses or legumes. Unfortunately, farmers se ldom adopt such soil 
conservation measures because they may not be appropriate for the specific circumstances 
of the farmers, either from an agronomic ora socio-economic standpoint (Howeler, 2001 ). 

Since 1994, the Nippon Foundation in Tokyo, Japan has supported the proj ect 
" lntegrated Cassava- based Cropping Systems in Asia: Farming Practices to Enhance 
Sustainability." This project has developcd and used farmer participatory research (FPR) 
and extension (FPE) methodologics. 

MATERlALS ANO METHODS 

Project Sites 
First Phase (1994-1998) 

To implement the projec t, cassava growing areas were selected that had at Jeast 5% 
slope and where the farmers and local extension personnel were enthusiastic and willing to 
collaborate. Rapid Rural Appraisals (RRAs) were conducted in each area to obtain 
baseline information and to select the most su itable pilot s ites (Howeler, 2001; Vongkasem 
et al .. 1998; Watananonta et al., 2002). T he projcct initially worked in only two sites 
(villages), one in Soeng Saang district of Nakhon Ratchasima province, and one in Wang 
Nam Yen district in Sra Kaew province. In 1998 this was extended to another two sites, 
one in Sahatsakhan district of Kalasin province and one in Sanaam Chaikhet district of 
Chachoengsao province. 

Second Pllase (1999- 2003) 
During the 2"d phase the project expanded rapidly to include over 33 sites in the 

fo llowing eleven provinces : 
l . Nakhon Ratchasima province in the lower Northcast region 
2. Kalasin province in the upper Northeast regían 
3. Prachinburi prov ince in the Eastern region 
4. Chachoengsao province in the Eastern region 
5. Chaiyaphum province in the Northeast region 
6. Kamphaengpet province in the lower Northern region 
7. Kanchanaburi province in the Western regía n 
8. Roi-Et province in the uppcr Northeast regían 
9. Ratchaburi province in the Western region 

lO. Chonburi province in the Eastern reg ion 
1 l . Srakaew province in the Eastern region 

Collaborating Organizations 
During the 2"d phase the following institutions collaborated in the project : 
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l. Field Crops Research Jnstitute ofthe Dept. of Agriculture (DOA) 
2. Rice and Field Crops Promotion Division ofthe Dept. of Agricultura( Extension 

(DOAE) 
3. Soil and Water Conservation Division ofthe Land Development Dept. (LDD) 
4. Kasetsart University (KU) 
5. Thai Tapioca Development Institute (TTDJ) 
6. The Centro Internacional de Agricultura Tropical (CIA T) 

Activities 

J. Se/ection of project areas 
The criteria of selection were the same as in Phase l . Each year the project 

expanded to 1-2 new provinces by selecting appropriate pilot sites in one or more districts. 

2. Training 
Field staff of new sites were trained in cassava production practices and FPR and 

RRA methodologies. 

3. Farmers meetings 
Farmers from the new sites that were interested in participating in the project took 

part in a one-day training course which had the objectivc of increasing the farmers ' 
knowledge and understanding of soil conservation in cassava growing areas, and to discuss 
with farmers how to conduct, with help of researchers and extensionists, FPR trials on their 
own fi elds. These farmers then visited demonstration plots with various management 
practices to reduce soil erosion. Farmers were asked to score the various soil erosion 
control treatments, considering their effect on soil loss by erosion, cassava yield and net 
income. Farmers then selected the most suitable 4-5 soil eros ion control treatments to test 
in FPR tri als on their own fields. 

4. Demonstration plots 
Each year demonstration plots were established by DOA, KU or TTDI at their 

research stations. These demonstrations had a large ( 18-24) number of treatments, 
including the application of chemica\ fertilizer or manures, green manures, closer plant 
spacing, intercropping with different crops and contour hedgerows of different grasses or 
legumes. These treatments tended to reduce soil erosion and gave farmers sorne ideas 
about altemativc ways of solving erosion problems. The demonstration plots were laid out 
along the contour of a uniform slope; ditches were dug along the lower ends of each plot 
and covered with plastic to catch the soil sediments eroded from each plot. Farmers from 
new sites visited these demonstration plots, scored the treatments and selected those they 
would like to try out in FPR erosion control tria ls on their own fields. 

5. FPR trials 
After farmers decided to conduct FPR trials, researchers and extensionists helped 

them to decide on the best treatments, provided the necessary materials and helped them to 
set out the trials. During the crop season, researchers and extens ionists visíted the trials 1-2 
times to discuss with the farmers and solve any problems. 
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At time of harvest, collaborating farmers and proj ect staff harvested a ll the tria ls in 
the plot si te, recorded all data and calculated average results of each type of tria!. Data on 
so il loss from every treatment was a lso presented to the participating farmers and others 
interested . The meeting then discussed the results of each tria ! and selected again the best 
treatments for next year 's tria ls (Howeler, 200 l ; Watananonta el al., 2002). 

6. Scaling-up and adoption 
After two years o f conducting FPR tria ls, farmers had usually selected the most 

suitable treatments to try in larger size plots (approximately 1,500-3,000 m2
) on their fie lds. 

Proj ect staff tried to help them, for instance, in setting out con tour lines to plant hedgerows 
for erosion control, or to obta in seed or vegetative plant ing materia l of the selected 
hedgerow species, intercrops or new cassava varieties. 

RESUL TS ANO DISC USSION 

Farmer Participatory Research in tbe Second Phase 
l. Demonstration plots 

The data in Table 1 show that most of the hedgerows treatments (T 1rT18) as well 
as contour ridging (T3) and closer plant spacing (T8) were very effecti ve in reducing soil 
loss by erosion. Sorne of the intercrops (T9 and T 11 ) and one o f the vetiver grass varieties 
(TJ 6) competed strongly with nearby cassava, causing a reduction in yield. Farrners from 
severa! new sites have visited these plots. Farrners evaluated the treatments and selected 3-
4 treatments that they considered most effective and wanted to try out in FPR erosion 
co ntro l trials on their own fie lds. Most farrners selected vetiver grass hedgerows as the 
most suitable practice, fo llowed by closer spacing, the combined application of fertilizers 
and chicken manure, contour ridging, and intercropping with pumpkin. 

2. FPR Trials 
Many results of the FPR trials conducted by farrners in Thailand ha ve already been 

published (Howeler, 2001 ; Howeler el al., 2002; Watananonta el al., 2002). Tables 2 and 
3 are a few examples of FPR tria ls conducted by farrners in Chayaphum and Nakhon 
Ratchasima provinces. Table 2 shows that both vetiver grass and lemon grass hedgerows 
were very effective in reducing soil loss by erosion, in sorne (but not a ll) cases they a lso 
increased yields and net income. Most farmers selected vetiver grass over lemon grass 
hedgerows because of the forrner 's tolerance to drought and poor soils, and for its ease of 
planting and maintenance. In addition, farrners observed that contour plowing and ridg ing, 
closer plant spacing and adequate fertil ization also contributed to reduced erosion and 
generally increased y ie lds. lntercropping practices are not widely adopted in Thailand 
because of the high cost of labor. Similar results were obta ined in many other si tes. Once 
farrners saw the benefits of the various soil conservation practices, they adopted closer 
plant spacing, more balanced fertilization and the planting of con tour hedgerows of vetiver 
grass; the latter in turn led to contour plowing and ridging in sorne areas. The FPR variety 
trial was similar to those conducted by farmers in various provinces. After conducting 
trials for two years farrners adopted Rayong 90, which produced the highest y ie ld and net 
income, fo llowed by Kasetsart 50 (Table 3). 
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Table l. Results of the FPR demonstration plots at TTDI, Huay Bong, Nakhon Ratchasima, Thailand, in 2001 /02. 

Dry soi l Cassava Intercrop Starch Gross Prod. Net 
loss yicld yicld content income21 costs incomc 

Treatments 11 (tlha) (tlha) (t/ha) (%) '000 B/ha) 
l.farmers'practice:up/downridges,nofertilizers 10.50 44.12 25.4 53.74 17.59 36. 15 
2. up/down ridgcs; 50 kg/rai 15-15-15 ferti lizers 37.68 43.51 30.9 57.78 20.93 36.85 
3. contour ridges; 50 kg/rai 15-15-15 fertilizers 5.86 40.28 28.0 51.16 20.06 13.1 O 
4.noridges;50kglrail 5-1 5-1 5fertilizers 12.06 48.68 25.5 59.39 21.51 37.88 
5. no ridges; 25 kglrai 15-15-15 fertilizers 12.70 46.96 28.7 60.30 19.42 40. 88 
6. no ridges; 25 kglrai fertilizer+ 125 kg/ rai chicken manure 10.83 45.36 24.5 54.43 19.85 34.58 
7. no ridges; 25 kglrai fertilizer+1,000 kg/rai compost 13.09 45.63 29.0 58.86 20.16 38.70 
8. no ridges; closer spacing (0.8 x 0.8 m) 4.52 49.27 3 1.6 66. 12 21.98 44.14 
9.noridges;peanutintercrop 11.70 27.00 2.00 26.1 53.26 18.66 34.60 

10. no ridges; pumpkin intercrop 5.53 40.41 3.80 23.5 85.68 23.28 62.40 
ll.noridges;sweetcomintercrop 16.70 17.8031 7.10 25.7 57.29 18. 18 39. 11 
12. no ridges; Leucaena /eucocephe/a hedgerows 5.28 33.80 25.4 41.17 18.50 22.67 
13. no ridges; sugarcane (for chewing) hedgerows 7.51 44.01 23 .0 51.49 2 1.25 30.24 
14. no ridges; lemon grass hedgerows 6.51 42.09 0.65 27.2 52.78 20.73 32.05 
15. no ridges; Paspa/um atratum hedgcrows 14.24 39.09 23.3 45.97 19 .92 26.05 
16. no ridges; vetiver (from TTDI) hedgerows 4.69 25.4641 22.0 29.28 16.24 13.04 
17. no ridges; vetiver Songkla-3 hedgerows 6.24 46 .1 0 - 26.0 56.70 2 1.82 34.88 
18. no ridge~vetiver from Vietnam hcdgcrows 8.25 41.68 - 24.6 50.1 O 20.62 29.48 

11 Variety KU-50; treatments 8- 18 werc all fert ilizcd with 50kg/rai of 15-15-15 fertilizers, and a ll treatments except T8 were plantcd at 0.8 x 1.25 m spacing; 
1 ha = 6.25 rai 

21 Prices: cassava baht 1.31 / kg fresh roots at 30% starch; 0.02 baht rcduction for every 1% lowcr starch contcnt 
peanut 10.0/ kg dry pods sweet corn 5.0/ kg 
pumpkin 10.0/ kg lemon grass 5.0/ kg 

31 Low yield due to strong intercrop competition and poor drainage 
41 Low yield duc to competition from very vigorous vetiver grass hcdgcrow 
51 1 US$ = 44 baht 
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Table 2. Average results of two FPR erosion control trials conducted by farmers 
in Khook Anu village, Thep Sathit district of Chayaphum province, 
ThaiJand, in 2001/02. 

Dry Root 
soil sta rch Gross Product. Net Farmers' 
loss Yield (t/ha) content income costs2

l income preference 
Treatments (tlha) Cassava lntercrop (%) ==:={bahtlha) --- (%) 
l. farmer'spractice 14.0 12.61 20.3 12,736 12,018 718 O 
2. contour plowing 10.2 8.4 1 20.0 8,410 11 ,471 -3,061 100 
3. up/down plowing 3 1. 1 12.34 18.3 11 ,970 JI ,974 -4 O 
4. mungbean intercrop 10.3 8. 70 0.306 24.0 15,5 16 15,392 124 82 
5. lemon grass hedgerows 4 .5 15.94 2 1.0 16,259 13,550 2,709 O 3l 

6. vetiver hedgerows 8.0 13.02 22.3 13,619 13,083 536 100 
¡¡ Prices: cassava baht 1.20/kg fresh roots at 30% starch 

mungbean 20/kg dry grain 
21 Cost of cassava production wi thout harvest 1 0,000/ha 

Cost of C+mungbean production 14,000/ha 
Extra cost of con tour plowing 125/ha 
Cost hedgerow planting + maintenance 1 ,000/ha 
Harvest + transport 160/tonne 

3
) Although lemon grass hedgerows produced the highest net income, farmers do not like this 

practice because lemon grass does not toleratc drought and it is difficult to se ll in large quantities 

Table 3. Results of a FPR variety trial conducted by farmers in Kut Dook village, 
Baan Kaw subdistrict of Daan Khun Thot district, Nakhon Ratchasima 
province of Thailand in 2001/02. 

Cassava Starch 
yield content 

Varieties (t/ha) (%) 
Kasetsart 50 29.6 26.5 
Rayong 5 28.3 26.5 
Rayong 90 32.7 26.0 
Rayong 72 28.4 23.2 
0 Prices: cassava US$ 23.84/tonne fresh roots 

Gross 
income11 

705.6 
674.2 
779.0 
676.6 

Production 
costs21 

'US$/ha) 
433 .8 
426.4 
451.5 
427.0 

Net 
m come 

27 1.8 
24 7.8 
327.5 
249.6 

21 Productions cost are based on data from the Office of Agricultura) Economics in 2000. 

Table 4 shows the total number and area o f the different types of FPR tria ls 
conducted by farmers in the proj ect pilot si tes during the second phase of the project ( 1998-
2003) 

3. Adoption 
After conducting their own FPR trials, or a fter a cross-visit to another village 

where trail s were being conducted, farmers often decided to adopt one or more 
technologies on their production fi e lds with the hope of increasing their yields or income 
and protecting the soil from further degradation. 

In Thailand, practically all the cassava area is now planted with new varieties and 
about 75 per cent of farmers apply sorne chemical fertilizers (TTDI, 2000), although 
usua lly not enough nor in the right proportion. As a result o f the FPR fertilizer trials, 
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Table 4. Number of various types of FPR trials conducted by farmers in the pilot sites of the Nippon Foundation project in 
Thailand in 2002/03. 

Types of FPR trials 
No. of Varíe- Org. Chem. Chem.+org. Herbi- Green lnter-

Province District Subdistrict Village11 farmers ties manures fcrtile. manures cides manures crops 
Nakbon Ratchasima Daan Khum Thot Baan Kaw Khut Dook 53 l l 1 1 

Prachinburi 

Kalasin 

Chachoengsao 

Kamphaengphet 

Chaiyaphuum 
Kanchanaburi 
Sra Kaew 

Total: 6 
1l * = initTatedln 2002 

Thephaarak 
Soeng Saang 

Khonburi 
Naadi i 

Mueang 

Nong Kungsri 
Sahatsakhan 

Naamon 
Don Chaan 
Huay Phueng 
Sanaam Chaikhet 
Thaa Takiab 
Khanuwaralakburi 

Thep Sathit 
Law Khwan 
Wang Sombuun 

9 

Total no. of FPR trials =72 

Bueng Prue 
Noon Sombujn 
Sra Takhian 
Tabaekbaan 
Kaeng Dinso 

Phuu Po 
Khamin 
Nong Bua 
Noonburi 
Noon Namkliang 

Naamon 
Dong Phayung 
Nikhom 
Thung Phrayaa 
Khlong Takraw 
Bo Tham 

Naayaang Klak 
Thung Krabam 
Wang Sombuun 

9 

Village 3 and 6 
Sapphong Phoot 
Sra Takhian 
Nong Phak Rai 
Aang Thong 
Khaw Khaat 
Noon Sawan 
Khamplaafaa 
Khamsri 
Noon Sawaat 
I-luay Suea Ten 
Paa Kluay 
Noon Thiang* 
Noon Thiang* 
Huay Faa* 
Thaa Chiwit Mai 
Nong Yai 
Si iyaek-
Ton Thoo 
Khook Anu 
Nong Kae 
Khlong Ruam 

9 

27 
34 

50 
50 
50 

30 

50 
42 

386 

4 3 
4 4 
4 4 

1 

2 2 
2 2 2 

19 4 18 

2 

5 

4 

7 5 

3 
3 
3 

2 

11 

3 
2 

8 
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fanners started to apply more K, due to the official fertilizcr recommendation for cassava 
being changed from an N-P20 5-K20 ratio of 1 : 1 : 1 to 2 : 1 : 2. After trying various ways 
of controlling erosion, most farmers selected the planting of vetiver grass contour 
hedgerows as the most suitable. By the end of 2003 , about 1.038 farmers had planted a 
total of 1.63 mi Ilion vetiver plants, corresponding to about 145 km of hedgerows (Wilawan 
Vongkasem et al., 2008). 

In August 2002 a participatory monitoring and evaluation (PM & E) was conducted 
in four pilot sites in Thailand where the project had been initiated at least four years 
previously. 

Using focus group discussions and participatory evaluation methodologies, data 
were collected on the extent of adoption of the various technologies and the reasons for the 
adoption or non-adoption. Table 5 shows that new varieties had been adopted in 100% of 
the cassava growing areas at all four sites. The application of chemical fertilizers varied 
from 79- 100%, vetiver grass hedgerows were planted on 20-55% of the cassava area. green 
manures on 0-50%, and intercropping was not adopted at a ll , mainly due to a lack of labor 
to manage the intercropping (Howeler el al., 2003; Yongkasem el al., 2003; Watananonta 
et al., 2003). 

Table 5. Extent of adoption 1
l of various cassava technology components in four pilot sites 

in Tbailand in 2002. 

Baan Khlong Ruam Thaa Chiwit Mai Sapphong Phoot Huay Suea Ten 
Sra Kaew Chachocngsao Nakhon Ratchasima Kalasin 

Technolog~ comEonent (ha} {%} ~ha2 (%2 ~ha2 {%} {ha2 {%2 
Varieties 480 100 469 100 396 100 228 100 
Chemical fertil izcrs 480 100 469 100 364 92 180 79 
Vetiver grass hedgcrows 139 29 94 20 218 55 89 39 
Green manures 72 15 o o o o 114 50 

o o o o o o o o lntcrcroEEin~ 

h Estimated by farmers in each s ite during Participatory Monitoring and Evaluation (PM&E) in 
Aug 2002. 

4. lmpact assessment 
In order to determine more precisely the effect of this project on the adoption of 

new technologies, an impact assessment was performed by an independent consultant. 
Figure 1 shows the cassava yields that farmers reported before and after the project 
corresponding more or less to the second phase of the projcct, or from 1999 to 2003. In 
Thailand the yields ofparticipating fanners increased from 19.4 to 25.8 t/ha (33%). 

Table 6 shows that during the past ten years the average cassava yields in Thailand 
increased from 13.81 to 19.43 tlha oran in crease of 5.62 tlha, and in Asia as a whole 3. 71 
t/ha. These increases in y ields correspond to annual increases in gross income received by 
Thai farmers of about US$ 14 7 mi Ilion, and by all cassava fanners in Asia of about US$ 
325 million. In addition, farmers in Thailand received higher prices due to the higher 
starch content of the new varieties. 
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Thailand 

o = project participants 

a = nonparticipants 

A =all country (1999-2003) 

Befo re 
project 

After 
project 

Figure l . Average cassava yie/ds afThai farmers participating in the Nippan Faundatian 
project, as we/1 as af nearby but non-participating farmers, befare the project started 
and at the end ofthe praject. Data ariginatesfram PRRA censusjorms callectedfrom 
41 7 househalds in Thailand. Far camparison the natiana/ average cassava y ields in 
1999 (befare) and 2003 (after) are a/sa shown. 
Source: Haweler. 2004. 

Table 6. Estimation of the annual increase in gross income dueto higher cassava 
yields in 2004 resulting from the adoption of new cassava varieties and 
improved practices in Thailand as well as in Asia as a whole as compared 
to 1994. 

Total 1ncreased gross 
cassava Cassava yield Yield Cassava income due to 

area {llha} 'l m crease pnce higher yicld 
Country {ha} 'l 1994 2004 ~t/ha} ($/tons} {mill ion US$} 
Thailand 1,050,000 13.81 19.43 5.62 25 147.52) 

Total Asia 3,508,103 12.93 16.64 3.71 25 324.4 
1) Data from FAOSTA T for 2004. 
2
¡ In addition, farmcrs also benefited from higher prices dueto a higher starch content in 
Thailand. 
Source: Hau-eler et al .. 2005. 

CO NCLUSIONS 
The use of a farmer parttctpatory approach for technology development and 

dissemination was very effective in enhancing the adoption of soil conservation practices. 
Participating farmer were enthusiastic to test and select the most suitable varieties and 
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cultural practices. They not only se lected vetiver grass hedgerows as the best way to 
control soil erosion but they also increased their cassava y ie lds and net income by se lecting 
the most suitable cassava varieties and cultural practices. The adoption of more susta inable 
cassava production is like ly to improve Thai farmers ' living s tandards. 
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WORKING TOGETHER FOR SUCCESS IN THAILAND: A CASE STUDY OF 
KHUT DOOK "CASSAVA DEVELOPMENT VILLAGE" 

Surapong Charoenrath 1
, Anura! Srisura1

, Kail•al Klakhaeni and Watana Watananonta4 

INTRODUCTION 
Cassava, Manihot escu/enta Crantz, belongs to the family Euphorbiaceae, which 

includes rubber (Hevea brasi/ensis) and castor bean (Ricinuts communis). There are two 
main centers of diversity - a major one in Brazil and a sccondary one in Central America. 
Dutch traders introduced cassava from Mexico to Southcast Asia during the 17 th century. 
The Thai agricultura! historical record indicates that in 1786 cassava was introduced to 
Thailand from Malaysia. In 1937, Mr. Tun Komkrit, an agricultura! rescarcher of the 
Dcpartmcnt of Agriculture, DOA, suggested that cassava be planted in more than 450 
hectares as an intercrop in rubber plantations in Songkla provincc in the southem part of 
Thailand, for producing starch and sago. At the end of the Second World War. due to 
increasing demand on the world starch market, many cassava plantations and their starch 
factories werc established in Chonburi province in the eastem part of Thailand. 

Thailand has been exporting cassava products for more than 50 years. In 1950. 
18,915 tonnes of cassava starch, 14,934 tonnes of sago, and 34 tonnes of cassava chips 
were exported, with a total valuc of 33 million baht. The export of cassava chips and 
pcllcts increased rapidly during the 1970s due to increasing demand for animal feed in the 
EEC. Cassava actually became the principal export products of the country in 1978, with a 
va lue of 10,89 1 mi Ilion bah t. At that time, more than 50% of thc cassava roots produced 
was used in thc pel lets and chips industries. The highest valuc of exported cassava products 
was 23 ,974 mi Ilion baht in 1989 corresponding to a vol u me of 9,826,220 tonnes of pellets, 
starch and chips. The EU was the major importer of cassava products for the animal feed 
industries (Tiraporn, 1994). 

Cassava Area, Yield and Production 
The agricultura! statistics for Thailand indica te that in 2000/01 the cassava planting 

arca was 995,818 ha and the harvesting area was 988,220 ha. Total production in 2001 was 
about 16.87 million tonncs of fresh roots. Thc average root yicld was 17.06 t/ha. The 
northeastem region accounted for 54% of the total planting area, followed by the eastem 
rcgion at 32 %, and the northem region at 14%. 

Besides the high efficiency of the Thai cassava industry in developing various 
products required by the market, thcrc are also good roads and modero seaports available 
for exporting cassava products. When we compare the world average yields of various field 
crops, such as rice, maize, sugarcane, soybean and cassava, to the average crop yields in 

1 Senior Agricultura) Researcher, Field Crops Rcsearch Institutc, Departmcnt of Agriculture, 
Chatuchack, Bangkok 10900, Thailand. sura52(a .doa.go.th 

2 Agricultura) Extension Agent, Nakhon Rahasima Agricultura) Extension Office, Department of 
Agricultura) Extension, Nakhon Rahasima Provincc, Thailand. 

3 Agricultura) Extension Agent, Field Crops Promotion Division, Department of Agricultura) 
Extension, Chatuchack, Bangkok 10900, Thailand. 

4 Senior Agricultura! Researcher, Field Crops Research Institute, Departmcnt of Agriculture, 
Chatuchack, Bangkok 10900, Thailand. 
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Thailand, we see that the average yield of other tield crops is generally lower than the 
world average, but the average yield of cassava in Thailand is always considerably above 
the average yield in the world (Oftice of Agríe. Economics, 2002). 

Cassava Soil Management 

The objective of the research was to develop general recommendations for all 
cassava growing areas. ln the high-rainfall and high-temperature tropical environment, 
continuous cultivation changes soil properties drastically, nutrients leach out of the root 
zone and the soil becomes compacted. This may lead to widesprcad deterioration of the 
soil 's productive capacity. From about 1985 to 2000, our research focussed on soi l ferti lity 
maintenance, erosion control, intercropping, crop rotation and land preparation, in 
collaboration with CIA T and Kasetsart University. 

Many people in Thailand incorrectly believe that the cultivation of cassava 
inevitably leads to a deterioration of the soil. This is partly beca use cassava can be grown 
in areas with low soil fertility where other crops can not be grown productively. Even 
without growing any crop in such areas, the soil fertility will naturally decline by nutrient 
leaching and erosion due to the sandy soil texture. In fact, cassava extracts and removes 
nutrients from soilless than many other crops such as sugarcane. 

Farmers of the northeast and eastem regions generally grow cassava on loamy 
Paleustults and sandy Quartzipsamment soils. The general characteristics of these soils are 
a sandy loam texture, fast draining, and a medium to low organic matter and phosphorus 
content. But, they are also very low in potassium. They are considered low soil fertility 
soils. Other economic crops such as maize, sorghum, cotton or beans can not be grown 
productively. 

To reduce soil erosion in cassava fields, farmers should use good soil management 
and soil conservation practices. Application of chemical fertilizers high in N and K, are 
generally required, while application of sorne micronutrients may be necessary in sorne 
soils. Animal manure and green manure applications will improve the soil's physical 
properties. Con tour plowing and planting con tour hedgerows of vetiver grass are effective 
in reducing erosion (Tongglum et al. , 1996). 

Farmer Participatory Research (FPR) and Extension (FPE) 
There are many effective ways to improve the cassava cropping system, in order to 

enhance plant nutrient conservation and reduce erosion. Each management practice has its 
advantagcs and disadvantages, which makes it difticult for researchers to make decisions 
on the most appropriate technologies to transfer. Therefore, from 1994 to 2003, CIAT, 
DOAE, DOA and the Thai Tapioca Development Institute have had a collaborative project 
to work with farrners using a farmer participatory research approach. 

KHUT DOOK "CASSAVA DEVELOPMENT VILLAGE" 
Located in the lower Northeastem region, Khut Dook vil lage in Daan Khun Thot 

district of Nakhon Ratchasima province is not favored agriculturally with its poor soils and 
erratic rainfall. The vil lage is part of the arid Khorat Plateau and is characterized by a 
roll ing topography. Sixty per cent of the village's agricultura! land has gentle slopes with 
sandy soils. Harsh climatic conditions - a short monsoon season and a long dry season -
often result in this region being subjected to both floods and droughts. The Northeastem 
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region is a slightly elevated plateau of 17 mi Ilion ha located at 100-300 masl. Rainfall 
varies from 900 to 2,000 mm, with an average of 1.250 mm per year; 85% of this rain fa lis 
from mid-April to mid-October. Average monthly high temperatures range from 30°C in 
December to 36°C in April. Principal crops in the region are rainfed paddy rice, upland 
fie1d crops, forest and grazing lands. A typical Northeastern househo1d cultivates 1-4 ha of 
upland crops (cassava, sugarcane, maize, horticultura! crops) and raises one to three 
buffalos for use as draft animals. Many households also own a few head of cattle for draft 
and/or commercial sale. 

Khut Dook village occupies 1 ,O 13 ha and has a population of 432. Sixty six per 
cent of the househo1ds ha ve grown cassava for more than 30 years. Rayong 5 and Kasetsart 
50 are now the most popular cassava varieties. Generally, land preparation in Khut Dook 
village is done by contract tractor plowing using 3- and 7-disk plows. Plant spacing of 60 x 
70 or 70 x 80 cm is commonly used. Normally two times hand weeding is practiced for 
weed control. About 130-190 kg/ha of 15-15-15 complete chemical fertilizer is applied to 
each crop. The average root yield was 18.78 t/ha in 200 l . 

The main problcms of cassava growers in Khut Dook are a lack of invcstment 
money, serious soil erosion, low soil fertility, and roots being damaged by white grubs. 

The Khut Dook "Cassava Development Village" was established on August 8, 
2000 with 23 members and a US$ 750 revolving fund . After participating in the FPR 
project for about two years, this cassava development village now has 53 members with a 
US$ 3,300 revolving fund. 

In 2001 and 2002, four FPR trials were conducted, i.e. a variety trial, fertilizcr trial, 
weed control trial and erosion control tria l. Sorne results for 200 l /02 were reported by 
Watana el al. (2007). Results from the cassava variety tria! indica te that sorne of thc high
yielding new cassava varieties can provide more net income for the farmers. For erosion 
control, the farmer prefcrences were l 00% for con tour plowing and planting con tour 
hedgerows of vetiver grass; this was followed by intercropping between the rows of 
cassava with mungbean (82%). 

In the same year, the district and provincial extension staff organized two farmer 
participatory extension activities: severa! cross-site visits and a provincial field day. These 
activities help other vi llagers to improve their cassava production and to establishc their 
own "Cassava Developmcnt Village". Vetiver grass was plantcd for erosion control in 
Khut Dook village in about 49.4 ha, equivalent to about 15 km of vetiver hedgerows. The 
key factor for success was the working together of the FPR and FPE teams as partners with 
the farmers, and using a bottom-up instead of top-down approach. 

CONCLUSION 
The best way to control soil erosion in cassava fie1ds is to use good agronomic 

practices, such as high-yielding varieties, timely weed control and adequate fertilization, 
combined with soil conservation practices such as contour plowing and planting vetiver 
grass contour hedgerows. The principal problems of cassava growers at Khut Dook are a 
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lack of investment money, crops damage by erosion, low so il ferti lity and root damage by 
white grubs. Results from farmer partic ipatory trials indicate that the planting of new high
yielding cassava varieties in combination with suitable agronomic practices can provide 
more net income, while contour plowing with vetiver grass hedgerows can markedly 
reduce erosion and improve root yields. The key factor for success was working together 
of the FPR and FPE teams as partners with the farmcrs and applying a bottom-up instead of 
top-down approach. 
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EVOLUTION OF FPR METHODOLOGIES USED ANO RESULTS OBTAINED 
IN VIETNAM 

Tran Ngoc Ngoan 1 

ABSTRACT 
In rccent ycars cassava has become the third most importan! food crop in Vietnam, after 

rice and ma ize. lts production, processed mainly into starch, is partially used for export. So. 
cassava has steadily developed in Vietnam. During the last ten years ( 1994-2003) the Nippon 
Foundation Project, cnti tled "Enhancing thc Sustainability of Cassava-based Cropping Systems in 
Asia", was implemcnted in four countries, including Vietnam. The main objective of the project is 
to encourage researchers, extension workers and farmers to participate in identifying new ways to 
improve cassava production by testing and selecting suitable technologies to apply in farmers' fields, 
so as to increase thc living standards of small farmers and to contributc to the sustainability of 
cassava-based cropping systems. 

Phasc 1 of the project ( 1994-1998) was used mainly to introduce and leam about the 
participatory approach by rcsearchers, extensionists and farmers, and to develop an effective FPR 
methodology by thc conducting of FPR trials. Thc second phase ( 1999-2003) aimed at 
disseminating widely the ncw selected technologics, in order to enhance adoption by fam1ers on a 
large scalc. Various aspects of this phase of the project wcre quite successful. First, in 2003, the 
number of FPR si tes in Vietnam reached more than 30 whilc more than 22,898 farmers adopted new 
technologies on about 9,228 ha, while 3,370 pigs werc raised using cassava-based diets. The 
estimated incrcasc in gross income was about 34,082 mil. dong or US$ 2.20 million. The most 
importan! contribution of the Nippon Foundation project was to show farmers, extension workers 
and local leaders the potential for higher cassava yields when using the right combination of 
varicties, fertilizers and intcrcropping, and to cnhance soi l conservation through different ways of 
reducing soil erosion when growing cassava on sloping land. Secondly, another contribution of the 
projcct was to introduce the participatory approach in doing research for development, and to 
encourage thc working togethcr of researchcrs, extension workers, local governments and farmers, in 
order to find the best way to solve farmers' problems. This approach is a good methodology for 
capacity building as well. 

INTRODUCTION 
During the last ten years ( 1993-2002) cassava cultivat ion in Vietnam has changed 

very much, both in tem1s of cassava area and cassava yield. lnitially the cassava area 
decreased from 278,000 ha in 1993 to 226,800 ha in 1999 while the fresh root yield also 
decreased from 8.81 t!ha to 7.96 tlha. But, subsequently the cassava area increased to 
329.900 ha, while yields increased to 13.5 t!ha in 2002. The main rcasons for this change 
are: 1) Cassava has changed from being a food crop to being mainly an industrial crop, 
used for animal feeding and production of starch; and 2) the increasing demand for cassava 
products in neighboring China. 

PROJECT OBJECTIVES 
The overall objcctive of the project is to increase the liv ing standards of 

smallholder farmers and to improve the agricultura( sustainability in less-favored areas of 
Vietnam by improving the productivity and stability of cassava-based cropping systems. 

1 Thai Nguycn Univcrsity of Agricu1ture and Forestry, Thai Nguyen city, Thai Nguyen, Vietnam. 



93 

The specific objectives are: 
1) To work with farmers in identifying their constraints, to conduct trials and to 

evaluate and then select the most suitable technologies for the farmers' conditions 
2) To develop and disseminate new technologies on a large scale that are best suited 

to farmers' needs and adapted to local conditions 
3) To increase cassava production and maintain the soil resources of small farmers 

living in less favored areas ofVietnam 
4) To strengthen the capacity of scientists, extensionists, local authorities and farmers 

in selecting the best options for development. 

METHODOLOGIES 
The first Phase ( 1994-1998) of the project focused on the following activities: 
To conduct participatory problem diagnosis and select potential solutions for 
testing in FPR trials at selected pilot sites. 
To conduct FPR trials in a limited number of si tes for learning and training 
To organize training courses on FPR methodologies for researchers and extension 
workers 

The second Phase (1999-2003) of the project focused on the following activities: 
To use various farmer participatory methodologies, such as participatory diagnosis 
of problems and the conducting of FPR trials in a number of pilot sites. In 2003, 
the project was working in a total of 31 si tes in different regions of Vietnam. 
To organize training courses on FPR methodologies for extension workers and 
farmers. 
To organize field days (on-fann workshops), and cross-visits at the time the trials 
were harvested. 
To facilitate the adoption of new technologies which had been selected by farmers. 
To analyze and evaluate the results, as well as the impacts of the project on 
farmers ' income and on soil conservation, as well as the ability of researchers, 
extension workers and farmers to adopt a more participatory approach in research 
for development. 

The various steps in the process used in this project are shown in Figure 1 and 
include the following activities: Participatory diagnosis~Participatory selection of 
potential solutions ~ Participatory trials~Participatory evaluation and selection of new 
technologies~ Participatory extension and adoption of new technologies. 

RESUL TS AND DISCUSSION 

l. Characterization of Cassava Production and Utilization in Pilot Sites 
The project has conducted Rapid Rural Appraisals (RRA) with fanner participation 

in 25 pilot sites; this helped farmers to diagnose their problems and to select severa! 
component technologies to be tested in FPR trials to solve those problems. The results of 
these RRAs indicate the main features of cassava production in selected pilot sites (Table 
1) as follows: 

U\I ~A;:~ r.-: :r ·· 
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Figure l. Steps in the farmer participatory research and extension activities. 

Table l. Main features of cassava production in Vietnam in selected FPR pilot sites, 
based on information obtained through RRAs conducted before starting the 
project in each site. 

Location eassava 
Village or yield Utilization lnputs 
communc Province Topography (t/ha) (%) Main variety used 1

> 

Tien Phong Thai Nguyen hilly 8.5 30%1);70%3) Vinh Pbu A; A+B 
Dong Rang Hoa Binh steep slope 11.0-12.0 30%; 70% Vinh Pbu A;B;e 
Kieu Tung Phu Tho steep slope 8.0-1 5.0 60%; 40% Vinh Pbu A; e 
Thuong Am Tuyen Quang steep slope 10.2 40%; 60% Se 205; V. Phu None 
Thong Nhat Phu Tho steep slope 8.0 30%; 70% se 205 ; v. Phu A; B; A+8 
Tran Phu Ha Tay flat 11.0 30%, 70% se 205; v. Phu A; 8 ; A+B 
Hong Ha Thua Thien-Hue steep slope 7.0 Human food Nep4> None 
DongTam Binh Phuoc steep slope 15.0 Feed, starch Local; KM60 e 

Human food KM94 
Suoi Rao Baria Vungtau hilly 15.0 70%; 30% Local; KM60 8 

KM94 
AveraGe 10.8 
1
> A = pig manure; 8 = unbalanced NPK fertilizers; e = urea 

2
> for sale; J) for animal feeding; 4> local variety 



95 

In Vietnam cassava is grown mainly on steep slopes with very low inputs. In sorne 
areas farmers did not apply any fertilizers. In most areas farmers grow local varieties, but 
in other areas, farmers started to grow new varieties (Dong Tam in Binh Phuoc and Suoi 
Rao in Baria-Vungtau). Therefore, cassava fresh root yields were still very low, ranging 
from 7.0 to 15.0 t/ha . About 70% of cassava roots were used for animal feeding and 30% 
for human consumption. 

The results of RRAs indicate that the main constraints to obtaining high cassava 
yields can be ranked in priority order as indicated in Table 2. 

Table 2. Main constraints to cassava production in Vietnam according to 
participatory diagnoses with farmers. 

l . Low yield and low starch content of local varieties 
2. Without, low levels, or unbalanced NPK fertilizers appl ied 
3. Serious soíl erosion 
4. Lack of knowledge on cultural practices 
5. Unstable prices 
6. Weed competition 
7. Lack of good varieties for fresh consumption 

2. FPR Trials 
Based on the needs of farmers and the constraints identified through discussion and 

the use of various participatory diagnosis methodologies, seven different technology 
components were selected for the FPR trials (Table 3). 

Table 3. Number of FPR pilot sites and type and number of FPR trials conducted in Vietnam 
from 1995 to 2003. 

Phase 1 Phase 2 
No. of FPR sites 
TyEe of trials 1995 1996 1997 1998 1999 2000 2001 2002 2003 Total 
No. of FPR sites 3 3 3 3 3 16 21 25 31 31 

Soil erosion control 16 15 15 15 15 25 29 30 23 183 
New varieties 7 17 25 22 22 26 36 47 34 236 
Ferti lization 5 13 13 15 15 25 36 24 24 170 
Intercropping 8 11 8 8 8 13 32 31 26 145 
Plant spacing 7 19 8 34 
Silage making 15 11 16 13 55 
Weed control 2 2 
Leaf harvest 2 3 5 

Total 36 56 61 60 60 104 153 169 131 830 
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The number of FPR sites increased from three sites in 1995 up to 31 sites in 2003. 
The number of FPR trials a lso increased from 36 trials in 1995 to 169 in 2002 and then 
decreased to 13 1 in 2003. Among these trials, those on new varieties were considered of 
highest priori ty by farmers (tota l of 236 trials), fo llowed by trials on soi1 erosion control, 
fertilization and intercropping (total of 183, 170 and 145 trials, respectively). Sorne other 
trials were conducted for specific needs, such as those on cassava leaf and root silage 
making, plant spacing, and cassava leaf production. 

Through their participation in FPR trials farmers have 1earned not on ly how to 
manage FPR trials, but they also evaluated and then selected the most suitable technologies 
for adoption (Table 4). To reduce soil erosion, farmers have adopted and disseminated the 
following types of hedgerows: planting eontour lines of Tephrosia candida, Paspalum 
atratum, vetiver grass and pineapple. They have selected and applied sorne fert ilizer 
formulas for cassava as follows: 40 kg N+ 40 kg P205 +40 kg K20/ha; 80 kg N + 40 kg P205 

+ 80 kg K20/ha; or pig manure + 40 kg N + 40 kg P205 + 80 kg K20/ha. New high-yielding 
cassava varieties were of particular interest to farmers, and after testing and evaluation they 
selected and adopted the following new varieties: KM 94, KM 98-7, KM 98-1, SM 937-26 
and KM 98-5; these were quickly disseminated on a large scale. Cassava intercropping with 
different kinds of leguminous species and other crops was also rapidly adopted by fanners, 
as the intercrops can help control weeds and reduce soil loss by erosion, while also giving a 
higher income compared to monocropping. Especially, after testing cassava root and leaf 
silage for pig raising at Huong Van commune in Huong Tra district of Hue, farmers have 
adopted and applied this technology in pig raising to replace sorne of their traditional 
technologies . 

The positive effects of apply ing these new technologies during implementation of 
the project are very encouraging (Table 5), and they have already caught the attention of 
both farmers and local leaders. In many areas, the leaders have reconsidered their 
development policies. Cassava is now being considered as a commercial crop, effectively 
contributing to the e limination of hunger and poverty, and to contribute to rural 
development and modernization through agro-industry. Van Yen district in Yen Bai 
province is a good example. Starting from the intercropping tria ls in 2001 and 2002, the 
area under cassava intercropped with peanut was en1arged to 6 ha in 2003. Similarly, the 
initial FPR variety trials were soon expanded to an area of 20 ha of new cassava varieties of 
high yie1d and starch content, such as KM 60 and KM 94. After the field days evaluating 
the results, the district and provincial officials decided to concentrate their efforts on 
enlarging the area under new cassava varieties; this reached a total area of 2,500 ha in 
2003. Van Yen district is a good example ofhow cassava production suddenly expanded in 
North Vietnam with the adoption of new varieties and improved agronomic practices. 

Having knowledge and understanding of the technologies, analyze the problems, 
determine the type of FPR trials to find solutions that would meet the farmers' needs, and 
evaluate and disseminate adopted technologies are very important to extension workers 
and fanners. So, training and farmer field days have a lways been important activities of 
the project, and these activities are combined with the tria! process. Field days were also 
organized at FPR sites at the time of harvesting the trials. Fanners and their neighbors 
participated in the harvest and evaluated the various treatments in each tria!; they finally 
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discussed, analyzed and selected the most appropriate technologies for the local conditions. 
Up to 2003 , six farmer training courses had been organized in three regions of Vietnam 
with a total of 186 extension workers and farmers participating (Table 6). 

Farmer field days and cross-site visits were organized yearly by all six 
collaborating institutions; a total of 1,055 farmers and local officials participated in these 
activities. This was a very effective extension method since farmers were directly involved 
and participated in the evaluation and the selection of those technologies that they 
preferred. 

Table 4. Types of cassava technologies adopted and disseminated by farmers in 
various Nippon Foundation project sites in Vietnam between 1999 and 2003. 

Technology component 
l. Soil conservation practices 

2. lmproved fertilizer practices 

3. New varieties 

4. lntercropping 

5. Ensil ing 

Type of technology 
Contour hedgerows of 
Tephrosia candida, 
Paspalum atratum, vetiver 
grass and pineapple 

40 N-40 P20 5-40 KzO 
80 N-40 P20 5-80 K20 
pig manure + 40-40-80 

KM94 

KM 98-7 
KM 98-1 

SM 937-26, KM 98-5 

Peanut (1-2 rows) 

Black bean 
Maize 

Cassava root and leaf 
silage for pig feeding 

District (province) 
Van Yen (Yen Bai); Son Duong 
(Tuyen Quang), Phu Ninh (Phu 
Tho); Luong Son (Hoa Binh) 

Van Yen; Son Duong; Pho Yen 
(Thai Nguyen); Thong Nhat (Dong 
Nai); Chau Duc (Baria-Vungtau) 

Van Yen; Son Duong; Phu Ninh; 
Thach That and Chuong My (Ha 
Tay) ; Lac Son (Hoa Binh); Nhu 
Xuan (Thanh Hoa); Phuoc Long 
(Binh Phuoc); Thong Nhat; Chau 
Duc 
Pho Yen; Thanh Ba (Phu Tho) 
A Luoi, Nam Dong and Huong Tra 
(Hue) 
Phuoc Long 

Pho Yen; Van Yen; Thanh Ba; 
Chuong My; Lac Son; Huong Tra ; 
Chau Duc 
Pho Y en; Thanh Ba 
Chau Duc 

Huong Tra, A Luoi and Nam Dong 
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Table 5. Estimated in crease in cassava fresh root yields due to the adoption of various 
new technology components in Vietnam in 2002/03 1!. 

Cassava yield (t/ha) New practice as 
Fam1ers' With adoption ofnew % of farrners' 

Tcchnology component practice21 tcchnology componen! practice21 

l. Ncw varictics 17.61 29.93 170 
2. lmprovcd tertilization 21.37 30.50 143 
3. Soi l conscrvation practices 20.60 25.48 124 
4. lntcrcropping 29.95 28.94 97 
l) Based on results from 15 FPR sites where ncw technologies have been adopted by farmers 
21 Farmers' pract ice usually includes most ncw technologics except the technology being testcd 

Table 6. Type and number of participants in FPR training courses, field days and 
cross-visits of the Nipon Foundation project in Vietnam (1995-2003). 

Type of FPR training course 
For rcsearchers and extensionists 
For farmers and extensionists 
Farmers in cross-site visits 
Farmers in field days 

3. Adoption of Soil Erosion Control Practices 

Phase 1 
30 

56 

Phase 2 
103 
186 
305 
694 

Most cassava in Vietnam is planted on sloping land. With the rainy season being 
concentrated during the summer time this may result in serious soil erosion in cassava 
fields. Soil loss due to erosion may be as high as 50- 11 O t of dry soil/ha. Therefore, soil 
erosion control is a very important practice that contributes to more sustainable cassava 
production. One of the ways to reduce erosion is to plant hedgerows along the contours 
wi th a distance between rows of 6 to 1 O m, depending on the s lope. Hedgerow species 
tested in this project were Tephrosia candida, vetiver grass, Paspalum atratum, Panicum 
maximum and pineapple. 

Depcnding on local conditions, farmers in each region selected the most 
appropriate hedgerow species. Farmers in the South liked vetiver grass or Paspalum 
atratum, farmers in the Central Coast prefcrred pineapple, while farmers in the North 
generally preferrcd Tephrosia candida and Paspa/um atratum 

By thc end of the project, these hedgcrow technologies had been adopted by 
households in an arca of 612 ha in thc FPR pilot si tes. By applying soil conservation 
practiccs fresh root yields also increased, ranging from 13.5% to 23.7% as compared to 
areas with no hedgerows; the gross income from cassava was estimated to be about 
1,208.146 mi Ilion VND (US$ 80,000) higher than that in areas using traditional practices 
without erosion control (Table 7). 
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Table 7. Extent of adoption of soil conservation practices and the estimated increase 
in yield and gross in come of farmers in the FPR pilot sites in Vietnam from 
2000 to 2003 as a result of the Nippon Foundation project. 

Number Area with Cassava ~ield {t/ha} Percent lncrease in gross income > 

of soil conser. Farmers' With soil yie ld {mil. VND} 
Year farmers {ha} 2ractice1

> conservation increase Per ha Total Per household 
2000 62 2 1.1 2 12. 11 13.75 13.5 0.574 12.123 0.196 
2001 200 59.87 16.50 19.95 20.9 1.112 66.596 0.333 
2002 222 88.85 20.60 25.48 23.7 1.952 173.728 0.782 
2003 831 612.00 20.603

) 25.483) 23.7 1.561 955.699 1.150 

Total 83 1 612.00 1,208.146 

l) Farmers' practice includes most new technologies except soil conservation 
2
> Fresh root price: in 2000 350 VND/kg 

in 200 1 350 VN D!kg in north, 300 in central and 290 in south 
in 2002 400 VND!kg 
in 2003 320 VND!kg 

3> Yields estimated from 2002 

4. Adoption of lmproved Fertilization Practices 
Results of RRAs conducted before the project started in each new site indicate that 

farmers were growing cassava either without or with very few inputs. Farmers generally 
apply on ly nitrogen fertilizers, whi le phosphorus and especially potassium are almost never 
applied to cassava. After testing various new fertilizer technologies the number of 
households that had adopted the use of balanced fertilizer application to cassava increased 
up to 1, 71 O with ferti lizers being applied in a total area of 607 ha. Use of a more balanced 
fertilizer application to cassava doubled cassava yields in many places. The average yield 
increase ranged from 25.47 to 30.50%. The value of additional income per ha ranged from 
2.228 to 3.398 mi Ilion VND as compared to the farmer's traditional practice of no fertilizer 
application. Therefore, total gross income increased 1,909 mil VND by the adoption of 
improved ferti lization practices in the pilot si tes over four years (Table 8). 

Table 8. Extent of adoption of improved fertilization practices and the estimated 
in crease in yield and gross income of farmers in the FPR pilot sites in 
Vietnam from 2000 to 2003 as a result of the Nippon Foundation project. 

Number Area with Cassava ~ield {t/ha} Increase in gross income1\ 
of balanced Farmers ' lmproved {mil VND} 

Year farmers fertilization {ha} 2ractice fertilization Per ha Total Per household 
2000 64 10.85 15.76 25.47 3.398 36.87 0.576 
2001 123 15.30 22.49 29.19 2.228 34.09 0.277 
2002 157 26.00 22.24 28.49 2.500 65.00 0.414 
2003 1,710 607.00 2 1.37 30.50 2.922 1,773.65 1.037 

607.00 1,909.01 
ee footnote Table 7. 
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5. Adoption of lntercropping Practices 
In sorne arcas farmers have traditionally intercropped cassava with short-duration 

crops like legumes or taro in between rows of cassava. Through the FPR intercropping 
trials, farmers in the notih and the central part of Vietnam selected intercropping with 
peanut, usually two rows of peanut in between rows of cassava. The use of th is 
intercropping pattem did not decrease cassava y ie lds very much, but produced an 
additional 0.8-1.2 tonnes of dry peanut podslha. Moreover, about ten tonnes of res idue 
wcrc retumed to the soil as green manure. In the Southeastem region , farmers preferred 
intercropping cassava with maize or mungbean. 

Since the advantages of intercropping are remarkable, 4,250 households applied the 
intcrcropping techno logy in 2003. Cassava yields were slightly reduced in 2002 and 2003, 
but on average they harvested 1.18 tonnes of dry peanut podslha. Therefore, the gross 
incomelha increased by 0.29 to 1.977 million VND. The total additional gross income over 
four years from cassava and the intercrops was 497.702 million VND as compared to the 
farmer's traditional practice of planting cassava in monoculture (Table 9). 

Table 9. Extent of adoption of intercropping and the estimated increase in yield and 
gross in come of farmers in the FPR pilot sites in Vietnam from 2000 to 2003 

as a result of the Nippon Foundation project. 

Cassava yield (tlha) lncrease in gross income11 

Number Area with (mil. VND) 
of inte rcropping Farmers' With 

Year far rners (ha) practice intercropping Per ha Total Per household 

2000 127 11.75 7.14-29.03 8.8-3 1.9 0.29-1.974 39.212 0.309 
200 1 360 27.77 5.0-29.4 9.8-31.9 0.385- 1.977 91.693 0.255 
2002 689 42.20 29.95 28.94 0.385-1.977 142.797 0.207 
2003 4,250 160.00 29.95 28.94 1.40021 224.000 0.053 

Total 4,250 160.00 497.702 

1 Prices: see footnote Tablc 7. 
21 Additional va lue of the intercrops per ha "' 1,720.000 VND 

6. Adoption of N ew Cassava Varieties 
In Vietnam, most local cassava varieties havc previously been imported from other 

countries and most of these were sweet varieties for human consumption. These varieties 
normally have low fresh root yields and low starch contents. They are, therefore, not 
suitable for starch processing. Farmers normally are mainly interested in se\ecting the most 
appropriate varieties. New high-yie ld varieties are usually more readily accepted than other 
new technologies as adopting these other technologies normally require additional 
investments. By changing the variety, production can be increased without much additional 
costs. Moreover, higher investment for obtaining higher y ie lds through the adoption of 
other technologies can be more easily accepted when using new varieties. Farmers will 
more readily accept to apply balanced ferti lizers if they a lready use new cassava varieties. 
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Therefore, after four years of conducting the project's activities, the number of househo1ds 
growing new varieties increased very quickly from 88 households (7.7 ha) in 2000 up to at 
least 14,820 households on an area of about 7,849 ha in 2003. The new variety now mainly 
grown in Vietnam is KM 94; beside KM 94, each region has selected sorne other varieties 
such as KM 98-5 and SM 937-26 in the Southeastern region; KM 98-1 in the Central 
region; and KM 98-7 in Thai Nguyen. By rapidly disseminating these new varieties in 
cassava production areas the fresh root yield increased between 7.54 and 12.83 tonnes/ha. 
Yields in many areas doubled as compared to the local varieties. Consequently, by 
growing new varieties the higher yields obtained resulted in an additional gross income of 
32,320 million VND over four years as compared to growing the local cassava varieties 
(Table 10). 

Table 10. Extent of adoption of new varieties and the estimated increase in yield and 
gross income of farmers in the FPR pilot si tes in Vietnam from 2000 to 2003 

as a result of the Nippon Foundation project. 

Cassava yield (t/ha) Increase in gross income1 

Number Area with (mil. VND) 
of new varieties Farmers' Improved 

Year farmers (ha) variety variety Per ha Total Per household 

2000 88 7.7 19.97 32.80 4.490 34.577 0.393 
2001 447 76.5 20.75 28.66 1.015-3.08 233.222 0.522 
2002 1,637 543.7 21.00 28.54 3.016 1,639.800 1.002 
2003 14,820 7,849 17.61 29.93 3.942 30,943.897 2.088 

Total 14,820 7,849 32,320.238 

J) Prices: see footnote Tab1e 7 

7. Adoption of the Use of Cassava Root and Leaf Silage for Pig Feeding. 
Results of research on using fresh cassava roots and leaf silage conducted at Huong 

Van commune, Huong Tra district in Hue province have shown the effective use of cassava 
roots and leaves for pig feeding. Moreover, these techno1ogies allow farmers to store the 
feed for 6-12 months. Learning about this technology through training courses and field 
days, many households in the central part of Vietnam adopted this technology in on-farm 
animal feeding. Our survey indicates that in 2003 there were 1, 1 72 households using the 
leaf and root silage technology for pig feeding, with the total number of pigs being 2,91 O. 
The total additional gross income over three years resulting from the use of this technology 
was 185.060 million VND (Table 11). 

8. Adoption ofVarious New Technologies and the Estimated Increase in Gross 
lncome of Farrners 

Summarizing the results of the dissemination of new technologies of our project, 
we estimate that about 22,898 households adopted new technologies in an area of about 
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9,228 ha, while 3,370 pigs were fed with cassava root or leaf silage. The total additional 
gross income obtained was estimated at 34,082 million VND, equal to 2.20 mil US $ 
(Table 12). These are very worthy and encouraging results of the project. 

Table 11. Extent of adoption of cassava silage in pig feeding and the estimated increase 
in gross income of farmers in the FPR pilot sites in Vietnam from 2000 to 
2003 as a result of the Nippon Foundation project. 

rncrease in Total increase 
Number of Number of gross mcome in gross income 

Year farmers pigs (VND/pig) (mi l. VND) 

Cassava leaf silage 
2001 28 96 86,000 8.256 
2002 60 290 86,000 24.940 
2003 11 5 460 86,000 39.560 

Cassava root silage 
2001 759 1,896 50,000 94.800 
2002 967 2,452 50,000 122.600 
2003 1,172 2,910 50,000 145.500 

Total in 2003 1,172 3,370 185.060 

Table 12. Adoption of new technologies and the estimated increase in gross income of 
farmers in the FPR pilot si tes in Vietnam in 2003 as a result of the Nippon 

Foundation project. 

Technology No. of Area (ha) or Increase in gross income 
componen! households no. ofpigs (mil. VND) 

New varieties 14,820 7.849 30,943.897 
lntercropping 4,250 160 224.000 
Erosion control 83 1 612 955.699 
Balanced ferti lization 1,7LO 607 1,773.650 
Root and leaf si lage for pig feeding 1,287 3,370 (pigs) 185.060 

Total 22,898 9,228 34,082.306 
31370{ ~igs} =2.20 mil US $ 

CONCLUSIONS 
- Phase 1 of the Nippon Foundation Project was considered a learning phase of our 

community on participatory approaches. The experiences drawn from the FPR activities 
in this phase were very useful in implementing the second phase. 

- Most successful adoption of new technologies was achieved during the second phase. lt 
is estimated that about 22,900 farmers in or near the FPR pilot sites adopted new 
technologies on about 9,228 ha, while 3,370 pigs were raised with cassava silage. These 
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technologies have increased farmers' gross mcome by about 34,000 million dong as 
compared to their traditional practices. 

- The widespread adoption of new technologies and their impact on farmers' income 
indicate the useful role of FPR methods as well as the value of the Nippon Foundation 
contribution in capacity building of researchers, extension workers and farmers. 

- The project has convinced not only scientists and extension workers, but also high 
officials at different levels of the effectiveness of the use of farmer participatory 
methodologies. As such, the full support of local leaders has played a very important part 
in the rapid dissemination and adoption of new technologies. 

- The experiences ga ined during the implementation of the project was a great contribution 
o n the part of the N ippon Foundation by introducing a new methodology for transferring 
new technologies to improve agricultura! production in Vietnam. 
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THE FPR CASSAVA PROJECT ANO ITS IMPACT IN THAI NGUYEN, TUYEN 

QUANG AND PHU THO PROVINCES OF NORTH VIETNAM 

Nguyen The Dang1
, Nguyen Viet Hung1

, Nguyen Duc Nhuan1
, Thai Phien1 

and Tran Minh Tien1 

ABSTRACT 
With the support of the Nippon Foundation and CIAT, a series of Farmer Participatory 

Research (FPR) trials were conducted by farmers in Thai Nguyen, Tuyen Quang and Phu Tho 
provinces of northern Vietnam. Four technological components were tested in 12 pilot sites in three 
provinces, such as soi l erosion control for better Iand management, balanced fertilization for 
cassava, intercropping with leguminous crops, and new cassava varieties. 

The FPR methodology not only improved the knowledge of farmers in the pilot sites but 
also in the surrounding areas. The FPR project affected cassava cultivation in the three provinces: 
yields of cassava increased significantly. New varieties were most widely and most rapidly adopted, 
followed by balanced fcrtilizer use, soil conservation practices and intercropping. 

INTRODUCTJON 
With the support of the Nippon Foundation and CIA T, a series of Fanner 

Participatory Research (FPR) trials have been conducted by fanners in three provinces of 
Nortb Vietnam, i.e. in Thai Nguyen, Tuyen Quang and Phu Tho provinces. These trials 
were coordinated by two institutions, namely Thai Nguyen University of Agricu lture and 
Forestry (TUAF) and the National lnstitute for Soils and Fertilizers (NISF). 

Four technological components were tested by farmers in 12 research sites in three 
provinces, such as soi l erosion control for more sustainable land management, balanced 
ferti lization for cassava, intercropping with leguminous crops, and new cassava varie ties. 

RESULTS 

Number of Farmers Participating in the Project 
From 1999 to 2002 a total of 1 ,56 1 fanners in the three provinces participated in 

the project, conducting FPR trials on four technological components, testing various 
erosion control practices, fertilizers, intercropping systems and new varieties. Table 1 
shows that most fanners wanted to test new varieties, while fewer fanners were interested 
in conducting erosion control trials. 

Research on SoiJ Erosion Control and lntercropping 
In order to identify the most suitable experimental treatments to test in FPR trials, 

all fanners participating in the project were invited to visit and evaluate FPR demonstration 
plots. After discussion, fanners selected mainly those treatments involving various types of 
contour hedgerows for their FPR trials to be conducted on their own land. 

In Minh Duc comrnune of Pho Yen district ofThai Nguyen province, two FPR soi l 

1 Thai Nguyen University of Agriculture and Forestry, Vietnam. 
2 National Inst. for Soils and Fertilizers, Vietnam. 
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erosion control trials with five treatmcnts were conducted for two years. The data in 
Figure 1 shows that when cassava was intercropped with peanut, the amount of eroded soil 
was reduced to 77% as compared to the farmers' traditional practice of monocropping. 
When hedgerows of Tephrosia candida anctlor vetiver grass were added, erosion declined 
to only 40-49% of the check treatment, and most farrners selected this treatment for 
adoption and dissemination. 

Table 1. Number of farmers that participated in the cassava FPR trials. 

Techno1ogica1 components 
No. Commune/villages Erosion contro l Fertilizers lntercropping New varieties 
Pho Yen district, Thai Nguyen province 
1 Dac Son 3 l 7 11 1 7 
2 Tien Phong 5 48 118 100 
3 Minh Duc 3 JO 27 68 
4 Hong Tien 4 44 
5 Nam Tien 18 
6 Van Phai 42 

Son Duong district, Tuyen Quang province 
7 Am Thang 2 1 
8 Hong Tien 22 
9 Dong Loi 

Phu Tho province 
1 O Phuong Linh 
11 Thong Nhat 
12 Bao Thanh 

Total 

28 
30 
70 

186 

17 
15 
l O 

20 
25 
60 

222 

2 
3 

28 
42 
24 

255 

23 
3 1 
20 

25 
400 
110 

898 

In Hong Tien commune in Son Duong d istrict of Tuyen Quang province, in 
addition to Tephrosia and vetiver grass, two grass species, i.e. Paspalum atratum and 
Panicum maximum, were also used as hedgerows for erosion control. The average results 
of two years indicate that the amount of eroded soil in treatments 3, 4 and 5 was on1y 
between 6 and 7 % of that in the check p1ot without hedgerows (Figur e 2). The treatment 
w ith Tephrosia candida hedgerows reduced the dry soi1 1oss to 14.1% of the check plot, 
and 63% of farrners participating in the fie1d day selected th is as the most suitable practice. 
The effectiveness of erosion control was ac tually better in those treatments wi th grass 
barriers, but only 0- 17% of farrners selected any of those treatments, mainly because they 
were not aware of the benefit that could be obtained from grass hedgerows. 

Rcsearch on Fertilizer Use 
Based on problem identification by fanners, researchers and farrners considered 

low yielding varieties, degraded 1and, inadequate and unbalanced fertilization as the majar 
constraints to obtaining high cassava yields. To overcome these problems a wide range of 
cxperiments on thc use of balanced fertilization ha ve been conducted by farmers. 
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In Am Thang and Hong Tien communes in Son Duong district of Tuyen Quang 
province, FPR tria ls on NPK fertilization were carried out by four households in 2000 and 
200 l. The results, shown in Figure 3, indicate that applying only 40 kg N and 40 K20 /ha 
increased cassava yields by 39%, while the applicat ion of 80 kg N, 40 P20 5 and 80 K20/ha 
(treatment 4) increased the yield by 77% compared to the check without fertilizers. On the 
field days at harvest, almost all farmers selected these two treatments for adoption and 
dissemination to other cassava growing areas. 

In Phuong Linh, Thong Nhat and Bao Thanh communes in Phu Tho province, a 
total of ten househo lds conducted two trials on the use of various combinations of FYM 
and NPK fertili zers (Tables 2 and 3). In Phuong Linh, application of 10 t/ha of FYM 
combined wi th 60 kg N, 40-60 P20 s and 80-120 K20iha increased cassava yields on 
average 21-30%. In Thong Nhat and Bao Thanh, using 10 t!ha ofFYM plus 80 kg N, 40 
P20 5 and 80 K20/ha resulted in the highest yield, which was 19% higher than that obtained 
with the traditional practice of applying 1 O tlha of FYM and 500 kg/ha of 5:10:3 fertilizers. 
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Figure l. Average results oftwo FPR soil erosion control trials conducted by farmers 
in Minh Duc village, Thai Nguyen. in 1999 and 2000. 

Treatments: 
1. Farmer practice (without hedgerows) + 12 tonnes FYM + 45 kg N + 30 P20 _Jha 
2. e + peanut (without hedgerows) + JO tonnes FYM + 80 kg N + 40 P20 5 + 80 K 20 /ha 
3. e + peanut + vetiver (hed.) + JO tonnes FYM + 80 kg N + 40 P20 5 + 80 K 20 /ha 
4. e + peanut + Tephrosia (hed.) + 1 O tonnes FYM + 80 kg N + 40 P20 5 + 80 K 20/ha 
5. e + peanut + Teph. and vetiver (hed.) + JO to1mes FYM + 80 kg N + 40 ? 20 5 + 80 

KzO/ha 
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Figure 2. Average results ofthree FPR soil erosion control trials conducted by farmers 
in Hong Tien commune, Tuyen Quang, in 1999 and 2000. 

Trea/ments: 
l. Farmer practice (without hedgerows) + 1,100 kg NPK (7: 4:7)/ha 
2. e+ Tephrosia hedgerows + 1,100 kg NPK (7:4:7)/ha 
3. e + veliver hedgerows + 1,100 kg NPK (7:4:7)/ha 
4. e + Paspalum atratum hedgerows + 1,100 kg NPK (7:4:7/ha) 
5. e + Panicum maximum hedgerows + 1,100 kg NPK (7:4: 7)/ha 
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~ 
45 • Farmers' preference (%) 

~ 40 Q) 

u 
e: 35 !::! 
~ 

30 ~ 
P.. 
:;:.,., 25 
"' ..<: 

?.. 20 
32 
.S! 15 
>. 

"' > 10 
"' Vl 
Vl 5 "' u 

o 
2 3 4 

Treatmcnts 

Figure 3. Combined resu/ts of four FPRfertilizer trials conducted by farmers in A m Thang 
and Hong Ti en communes in Son Duong district of Tuyen Quang, in 2000 and 
2001. 
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Treatments: 
l. Farmer practice (check without fertilizers) 
2. 40 kg N + 40 K20/ha 
3. 40 kg N + 20 P20 5 + 40 K"O/ha 
4. 80 kg N + 40 ? 20 5 + 80 K"O/ha 

Researcb on New Varieties 
Based on problem identification by farmers, researchers and farmers considered 

low yielding varieties as one of major constraints to obtaining high cassava yields. To 
overcome these problems a wide range of experiments regarding the use of new varieties 
have been conducted by farmers. 

Table 2. Average results offive FPR fertilizer trials conducted by farmers in Phuong 
Linh commune, Thanh Ba district of Phu Tho province from 1999 to 2001. 

Treatments 
l. 10 t/ha FYM (check plot) 
2. 1 O tlha FYM + 60N + 60P20 5 + 120K20 
3. lO tlha FYM + 60N + 60P20 5 + 80K20 
4. 10 t/ha FYM + 60N + 40P20 5 + 120K20 

Cassava yield (t/ha) 
1999 2000 2001 Average 
13.5 18.5 18.5 16.8 
19. 1 25.8 21.4 22.1 
18.9 28.5 20.7 22.6 
19.1 27.3 23.1 23.2 

Compared to 
check plot (%) 

100 
131 
134 
138 

Table 3. Average results offive FPR fertilizer trials conducted by farmers in Thong 
Nhat and Bao Thanh communes, Phu Ninh district of Phu Tho province in 
2001. 

Treatments 

l. lO t FYM + 500 kg NPK (5 :10 :3) 
2. lO t FYM + 40N + 20P205 + 40K20 
3. 1 O t FYM + 80N + 40P20 s + 80K20 
4. lO t FYM + 80N + 40P20 s + 120K20 
5. lO t FYM + 80N + 60P205 + 120K20 

Cassava yield (tlha) 
Thong Bao Average 
Nhat Thanh 
19.3 19.4 19.4 
21.0 21.8 21.4 
22.3 23 .7 23.0 
22.7 21.3 22.0 
21.3 19.4 20.4 

Compared 
to check 
plot (%) 

100 
111 
119 
113 
105 

From 1999 to 2002, seven new varieties were tested by farmers in two villages of 
Son Duong district of Tuyen Quang province. The average results, shown in Table 4, 
indicate that the root yields of KM 60, KM 94 and KM 95-3 were considerably higher than 
those of the local varieties. On the fie ld days at harvest, almost all farmers selected these 
varieties for adoption and dissemination to other cassava production areas. 
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In Phu Ninh district of Phu Tho province, six new varieties were tested by farmers 
in comparison with two local varieties. The result, shown in Table 5, indicate that most 
farmers selected KM 94 and KM 98-7 for adoption and dissemination to other cassava 
production areas. 

In Pho Yen district of Thai Nguyen province, after testing many new varieties 
almost all farmers adopted and disseminated two varieties, i.e. KM 95-3 and KM 98-7 in 
six communes (Table 6). 

IMPACT OF FPR PROJECT 
The impact of the FPR project was not confined to only the pilot si tes but extended 

also to other areas of these three provinces. The data shown in Figure 4 indicate that the 
yield of cassava improved significan ti y from 1998 to 2002 in all three provinces. 

Table 4. Average results of FPR variety trials conducted by farmers in two villages of 
Son Duong district in Tuyen Quang province from 1999 to 2002. 

No. Varieties Cassava yield (t!ha) Farmers' preference (%) 
1 Vinh Phu (local) 25.45 2 
2 La Tre (local) 24.70 17 
3 KM60 28.60 26 
4 KM94 33.80 65 
5 KM 95-3 23.60 2 
6 KM 98-7 25. 12 26 
7 OMR 38-72-12 26.41 o 
8 OMR 37-52-6 24.90 o 
9 OMR 37-52-8 22.70 o 

Table 5. Average results of FPR variety trials conducted by farmers in Phu Ninh 
district of Phu Tho province. 

No. Varieties 
1 Vinh Phu (local) 
2 La Tre (local) 
3 KM 94 
4 KM 95-3 
5 KM 98-7 
6 OMR 37-52-8 
7 OMR37-51 -26 
8 OMR 37-71-12 

Cassava yield (tlha) 
19.5 
23.0 
29.0 
17.0 
24.7 
20.5 
20.6 
20.0 

F armers' preference (%) 
50 
27 
80 
10 
76 

2 
3 
o 
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Table 6. Adoption of new varieties in six communes of Pho Yen district in Thai 
Nguyen province in 2002. 

Yarieties ltem Ti en Da e Minh Van Hong Na m Total 
Phong Son Duc Phai Ti en Ti en 

Vinh Phu No. households 18 6 34 9 12 9 88 
(local) Area (ha) 0.64 0.27 l.62 0.32 0.61 0 .40 3.86 

Yield (tlha) 25.38 25.1 1 23.49 23 .8 1 25.38 23.49 24.24 

KM 95-3 No. households 50 5 34 17 16 9 13 1 
Area (ha) 1.60 0.22 0.65 0.70 0.58 0.29 4.04 
Yield (tlha) 32.29 28.35 27.40 29. 16 31.05 28.08 30.27 

KM 98-7 No. households 50 ll 34 17 16 9 137 
Area (ha) 3.56 0.49 0.86 1.46 1.42 0.36 8.15 
Yield (tlha~ 34.29 30.5 1 28.05 3 1.32 32.26 30.24 32.24 

~ = 1998 0 "' 2000 m = 2002 

12 

JO 
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Figure 4. Average cassava yields in three provinces in 1998, 2000 and 2002. 

CONCLUSIONS 
• The FPR project not on1y improved the knowledge o f farmers in the pilot sites but 

also in other surrounding areas. 
• The FPR project markedly affected cassava culti vation in the three provinces, 

resulting in significan! increases in cassava yields. 
• The adoption of various technological components ranked as follows: new varieties 

> fertili zers > soil conservation > intcrcropping. 
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THE FPR CASSA V A PROJECT AND ITS IMPACT IN 
HA TAY, HOA BINH AND THANH HOA PROVINCES OF NORTH VIETNAM 
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ABSTRACT 
Since 1999, a Farmer Participatory Research (FPR) methodology has been used with the 

objective of enhancing the development and adoption of efficient cassava production practices to 
reduce soil eros ion, improve crop yields and increase the income of cassava farmers in Ha Tay, Hoa 
Binh and Thanh Hoa provinces. This FPR project was implemented by the Root Crops Research 
Center (RCRC) of the Vietnam Agricultura( Sciences lnstitute (VAS!) and by the National lnstitute 
for Soils and Fertilizers (NlSF), both in Hanoi. 

Rapid Rural Appraisals (RRAs) were conducted in cassava growing regions to select 
suitable pilot sites for the project in Ha Tay, Hoa Binh and Thanh Hoa provinces. 

The first FPR trials were conducted in Hoa Binh province in 1995 by farmers on their own 
fields with help from FPR team members from NlSF. Each trial tested one technology component, 
usually with 3-5 treatments. Many ofthese trials continued until 2003. 

Similar FPR trials were started in Ha Tay in 2000 and in Thanh Hoa province in 2002, both 
by staff of RCRC ofVASI, which continued until 2003. 

During a field da y at the end of each year, farmers and FPR tea m members jointly harvested 
all the plots and calculated cassava and intercrop yields as well as the amount of soil loss in each 
treatment of the eros ion control trials. These results were discussed with the participating farmers in 
order to select the best treatments for next year; farmers generally selected 1-2 treatments that were 
considered most useful for their own conditions in order to try these in larger plots on their 
production fields. 

This paper summarizes the results as well as the impacts ofthe project in Ha Tay, Hao Binh 
and Thanh Hoa provinces. 

INTRODUCTION 
Vietnam has a high potential for domestic consumption and export of cassava 

products. 1n the north of Vietnam, cassava is a significant source of food and animal feed 
for sma ll-scale farm households. 

Cassava is a suitable crop for farmers in remote areas and for rural development 
programs in mounta inous areas. In the food security policies of Yietnam's government, 
cassava is an important staple food in mountainous areas. 

At present, in the northern mountainous regions, the role o f cassava is rapidly 
changing from a food crop to an industrial crop. Cassava roots are now an important raw 
materia l for production of starch by many factories in north Vietnam. 

Problems of cassava production in the northem mountainous region are as follows: 
Low cassava yields in remo te areas (1 0-15 tlha on average) due to 1 imited adoption 

1 Root Crop Research Center (RCRC), Vietnam Agricultura! Sciences Institute (VAS!), Thanh Tri, 
Hanoi, Vietnam. 

2 National !nstitute for Soils and Fertilizers (NISF), Vietnam. 
3 Hong Duc College ofThanh Hoa, Vietnam. 
4 CIAT Regional Cassava Office for Asia, Department of Agriculture, Chatuchak, Bangkok, 10900 

Thailand 
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of new varieties and appropriate production technologies. 
Serious soil erosion 
Low soi l ferti lity 
Limited diversification of processed products 
Unstable price and lack of markets 

Enhancing the adoption of more productive agronomic practices, reducing soil 
erosion, maintaining soi l fertility and increasing the income of cassava farmers are very 
important and necessary. 

The use of a fanner participatory research and extension methodology in the 
development and transfer of new technologies to cassava households has been quite 
successful in the mountainous and hilly areas of the north. 

PILOT SlTE SELECTION ANO METHODS USED 
Four villages in three provinces (Ha Tay, Hoa Binh and Thanh Hoa) were selected 

as the most suitable pilot si tes for implementing the FPR project. The following activities 
were carried out: 

J. Diagnostic surveys: these were conducted in the pilot sites using RRA and PRA methods 
in order to better understand the existing farming practices and to know the farrners' 
opinions about how to solve their limiting factors. These were conducted in 1999 in Thach 
Hoa commune in Thach That district and in Tran Phu commune of Chuong My district, 
both in Hay Tay province; in 1999 in Dong Rang vi llage of Dong Xuan commune in Luong 
Son district of Hoa Binh province; and in 2002 in Nhu Xuan commune in Thanh Hoa 
provmce. 

2. Conduct FPR tria/s: Four types of FPR trials were conducted by farrners on their own 
fields, i.e. on soil erosion control, fertilization, cassava intercropping with peanuts, 
mungbean or soybean, and on new cassava varieties. 

3. Farmer meetings and field days: Meetings with farmers and farmer field days were 
organized many times during the year in each pilot site, to discuss and evaluate the results 
of the FPR trials, as well as to identify the most promising treatments to be tested next year. 

RESULTS 

l. Pilot Site Selection 
The criteria for the selection of appropriate areas were: 
Cassava is an important crop in the area, both at present and in the future. 
Cassava is planted on slopes with serious soil erosion problems and low yields. 

Four villages, namely Thach Hoa in Thach That district and Tran Phu in Chuong 
My district in Ha Tay province; Dong Rang village in Dong Xuan commune in Luong Son 
district of Hoa Binh province; and Yen Cat commune in Nhu Xuan district of Thanh Hoa 
province, were explored by conducting preliminary Rapid Rural Appraisals (RRAs). These 
were selected as suitable sites for the project (Table 1). 
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Table l. Main problems in cassava production and the farmers' solutions in the four 
pilot sites in Ha Tay, Hoa Bính and Thanh Hoa provinces. 

Vi llage, district, province 

Thach Hoa, Thach That, Ha Tay 
and Dong Rang, Luong Son, 
Hoa Binh 

Tran Phu, Chuong My, Ha Tay 

Yen Cat, Nhu Xuan, Thanh Hoa 

Problems 

-Soil erosion 
-Decreasing yield 
-Lack ofknowledge about 
production and processing 
-Lack of capital 

-Low yield and low price 
-Oid variety 
-Poor knowledge about 
production and processing 

-Lack of capital 
-Decreasing yield 

-Soil erosion 
-Low yield and low price 
-Oid variety 
-Decreasing yield 

2. Farmer Participatory Research (FPR) Trials. 

2.1 Results of FPR variety trials 

Solutions 

-Soil erosion control 
-Intercropping wi th peanut/soybean 
- lncreasing ferti lizer use 

-Testing ofnew varieties 
-Cassava intercropping with peanut, 

mungbean and soybean 
-Need to apply fertilizers 

-Soil erosion control 
-New varieties 
-Cassava intercropping with peanut 
-lncreasing fertilizer use 

Tables 2, 3 and 4 summarise the results of promising clones in three si tes in Ha Tay 
and Thanh Hoa provinces. 

Table 2. Average results of FPR variety trials conducted by five farmers in Tran Phu 
village, Chuong My district, Ha Tay provínce from 2000 to 2002. 

Cassava yield (t/ha) Average Relative Farmers' 
yield yield preference 

Varieties 2000 200 1 2002 {tlha2 {%2 {%2 
Du (control) 26.35 24. 15 25.92 25.47 100.0 43 
KM 98-7 30.10 28.56 29.33 11 5.2 82 
KM94 33.30 27.60 32.52 31.14 122.3 100 
KM60 30.30 28.43 33.90 30.88 121 .2 100 
KM 99-9 35.75 24.86 3 1.30 122.3 
KM 95-3 27.0 26.25 26.63 104.6 
Hainan 124 22.5 22.50 88.3 
KM 21-10 30.00 30.00 11 7.8 
KM 21-12 31.75 31.75 124.7 
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Table 3. Average results of FPR variety trials conducted by farmers in Thach 
Hoa village, Thach That district, Ha Tay province in 2002. 

Cassava yield Rclative Fanners' 
Varieties (tlha) yield (%) preference (%) 
Vinh Phu (control) 19.70 100 o 
KM94 26.26 133 100 
KM 60 25.30 128 50 
KM 21-10 25 .20 128 60 
KM 21-12 32.20 163 100 
KM 98-7 27.90 142 80 

Table 4. Results of FPR variety trials conducted by farmers in Nhu Xuan district, 
Thanh Hoa province in 2002. 

Cassava yicfd 
Varieties (tfha) 
Vinh Phu (control) 22 .0 
KM 140-2 26.0 
KM 98-7 24.0 
KM94 27.2 
KM 108-2 40.2 
SM 937-26 31.0 
KM 60 20.6 
KM 99-9 2 1.5 
Local cultivar 19.2 

The results show that: 

Rclativc 
yield (%) 

100 
11 8 
109 
123 
183 
14 1 
94 
98 
87 

Farmers' 
prefercnce (%) 

100 

KM 94 and KM 60 continue to be the best varieties for cassava production in north 
Vietnam. 
New promising clones like KM 98-7, KM 21-10, KM 21- 12 etc. will be further 
tested and may be selected in the future. 

Dissemination o(new cassava varieties 
The dissemination of new cassava varieties in North Vietnam was evaluated by Dr. 

Kazuo Kawano (CIAT) and Vietnamese cassava breeders in 1997 as follows: in the north of 
Vietnam farmers grow new cassava varieties only on small pieccs of land (360-500 m2

) and 
they raise pigs using rhis cassava. The dissemination of new cassava varieties is not as fast 
as in the south. However, at present cassava production in the mountainous and hilly areas 
of the north is changing very fast. The role of cassava in the North is rapidly changing 
from being an important food crop to an industrial crop, so the new cassava varieties are 
now rapidly being disseminated in the North as well as in thc South (Table 5). 
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Table 5. Area (ha) planted to new cassava varieties in sorne provinces in North 
Vietnam. 

Year 

2001 
2002 
2003 

Yen Bai 

20 
1,050 
4,000 

Thanh Hoa 

0.5 
1,000 
3,500 

2.2 Results of FPR soil erosion control trials 

Hoa Binh 

0.2 
0.5 

750 

Ha Tay 

100 
200 
400 

Bac Can 

o 
0.5 

500 

Based on the information obtained through the RRA, a set of soil management 
technologies was tested in the FPR erosion control trials estab lished in Thach That district 
of Ha Tay province, in Dong Rang village, Dong Xuan commune in Hoa Binh province, 
and in Nhu Xuan district ofThanh Hoa province (Tables 6, 7, 8 and 9). 

Table 6. Results of an FPR erosion control trial conducted by a farmer in Thach That 
district of Ha Tay province from 2000 to 2002. 

Dry Relative Fresh cassava Farmers' 
soil loss dry so il root yield preference 

Year Treatments {t/ha) loss {%2 (tlha2 {%2 

2000 l. e without hedgerows (control) 9.3 100.0 25.5 o 
2. C+lemon grass hedgerows 3.9 22.5 25.5 o 
3. C+vetiver grass hedgerows 3.4 36.6 26.9 20 
4. C+pineapple hedgerows 6.7 72.0 25.6 20 
5. C+Tephrosia candida hedgerows 6.7 72.0 30.3 90 

200 1 l. e without hedgerows (control) 8.3 100.0 24.5 o 
2. C+Paspalum atratum hedgerows 6.8 8 1.9 22.4 o 
3. C+vetiver grass hedgerows 1.5 18. 1 18.4 62 
4. C+pineapple hedgerows 2.4 28.9 16.0 16 
5. C+Tephrosia candida hedgerows 2.7 32.5 27.2 100 

2002 l . e without hedgerows (control) 5 1.0 100.0 22.0 o 
2. C+Paspalum atratum hedgerows 2.0 3.9 23.7 38 
3. C+vetiver grass hedgerows 2.1 4. 1 28.0 42 
4. C+pineapple hedgerows 2 1.0 41.2 23.3 35 
5. C+Tephrosia candida hedgerows 3.5 6.9 23.3 60 

The results clearly show that contour hedgerows can significantly reduce soil 
erosion in cassava fields while also increas\ng cassava yields. Best results were obtained 
with con tour hedgerows of vetiver grass. However, the selection by farmers are different: 
in Thach That, Ha Tay the farmers preferred contour hedgerow of Tephrosia candida; in 
Van Yen district, Yen Bai province the farmers preferred hedgerows of Paspa/um atratum; 
in Nhu Xuan, Thanh Hoa province the farmers preferred hedgerows of pineapple; and in 
Dong Rang village, Luong Son district of Hoa Binh province, farmers preferred hedgerows 
of vetiver grass. 
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Table 7. Results of an FPR soil erosion control trial conducted by a farmer, 
Mr. Nguyen Van Chanh, in Dong Rang village, Hoa Binh. Data are 
average values for 2000 to 2002. 

Dry soilloss Cassava yield 

Treatments 
l. Cassava (C)without hedgerows 
2. C+ Tephrosia candida hedgerows 
3. C+Flemingia congesta hedgerows 
4. C+vetiver grass hedgerows 
5. C+pineapple hedgerows 

(t/ha) 
48.58 
29.82 
35.90 
24.31 
22.73 

(%) 
100 
62 
74 
50 
47 

(t/ha) 
9.95 

11.99 
12.48 
12.44 
12.00 

(%) 
100 
120 
125 
125 
121 

Table 8. Results of an FPR soil erosion control trial conducted by a farmer, 
Mr. Nguyen Van Tho, in Dong Rang village, Hoa Binh. Data are average 
values for 1996 to 2002. 

Dry soil loss Cassava yield Gross Production Net 
income costs income 1

) 

Treatments {tlha) % {tlha} ~%2 -{'000 VND!ha) 
l . C+taro; no hedgerows 18.4 100.0 17.59 100 6,282 5,039 1,243 
2. C+taro; vetiver hedgerows 3.2 17.4 2 1.80 124 7,701 5,809 1,892 
3. C+taro; Tephrosia hedgerows 2.9 16.0 22.97 13 1 8,188 5,809 2,302 
4 . C+peanut; vetiver hedgerows 0.4 2.2 22.89 131 8,256 6,277 1,979 
5. C+Eeanut; Tee_hrosia hedgerows 0.8 4.5 23.03 131 8,28 1 6,277 2,004 

IJ Net income = Gross income- Production costs 

Dissemination ofsoi/ erosion control technologies 

B/C 
1.25 
1.33 
1.41 
1.32 
1.32 

It is rather difficult to disseminate contour hedgerow technologies to a large 
number of households; although farmers realize their importance, they don 't like to actually 
do it. However, Table 10 shows how this technology was adopted in sorne locations. 

2.3 Results of FPR intercropping trials 
Results of FPR intercropping trials conducted by farmers in Thach That and 

Chuong My districts in Ha Tay province and in Dong Rang, Hoa Binh province (Tables 11 
and 12) show that the net income obtained from intercropping was higher than from 
cassava monoculture. Cassava intercropping with peanut gave the highest total gross and 
net income in all 1ocations. Cassava was p1anted with 1 m in between rows and 1 m in 
between plants. The intercrops were planted a long the si des of the cassava rows with either 
one or two rows between cassava rows. The data show that intercropping cassava with 
peanut increased net income between 50 and 1 00% as compared to cassava monocu1ture. 

Dissemination ofintercropping systems 
Table 13 indicates that in 2000 cassava was basically grown only in monoculture. 

However, as a result of the positive resu1ts obtained in the FPR intercropping trials, the 
number of households practicing intercropping and the area under intercrops increased 
dramatically, reaching 999 households and 92.2 ha in 2003. 
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Table 9. The results of an FPR erosion control trial conducted by a farmer, Mr. Bui 
Thanb Mai, in Dong Rang, Luong Son, Hoa Binh from 1997 to 2001. For 

each treatment the top row indicates the cassava yicld and the bottom row 
the peanut yield, both in t/ha. 

Year 

Treatment 1 
l 1997 1998 1999 2000 2001 Average 

l . C+P, no fertilizers, no hedgerows 10.75 10.90 13.90 14.17 14. 17 12.78 
0.66 0.46 0.46 1.20 0.83 0.72 

2. C+P. with fertilizcrs, no hedgerows 15.63 14.14 19.94 16.25 15.63 16.32 
0.82 0.49 0.43 0.90 1.00 0.73 

3. C+P, with ferti lizers, Tephrosia hedgerows 14.19 14.19 17.22 18.24 14.44 15.66 
0.74 0.47 0.46 0.91 1.02 0.72 

4. C+P. with ferti1izers, Flemingia hedgerows 14. 19 14. 14 18.30 18.59 13.57 15.76 
0.74 0.47 0.43 0.88 1.01 0.7 1 

5. C+P, with ferti1izers vetiver hedgerows 15.63 14. 14 19.06 17.76 14.65 16.25 
0 .69 0.67 0.46 0.71 0.83 0.67 

) e = cassava; p = intercroppcd pcanut 

Table 10. Number of households that adopted contour hedgerows for erosion control. 

Thach That Nhu Xuan Van Yen Luong Son 
Year Ha Tay Thanh Hoa Yen Bai Hoa Binh 
1999 o o o 15 
2000 3 o o 40 
2001 14 o 3 40 
2002 24 2 50 45 
2003 30 10 >1000 45 

2.4 Results of FPR ferti/izer trials 
Various FPR fertilizer trials, each with severa( combinations of N, P and K togcther 

with pig manure wcre conducted in Ha Tay and Hoa Binh provinccs. 
Results shown in Tables 14, 15 and 16 indicate that a lmost all farmers preferred 

using medium levels of ferti lizer for cassava, such as 40-60 kg N, 40 P20 5 and 80 K20/ha. 
The results of these trials indicate that NPK fertilizers play a very important role 

for cassava in Thach That, Ha Tay. lt is highly economic to apply 40-60 kg N, 40 P20 5 and 
60-80 K20/ha if farmcrs want to get higher cassava y ields. These are the rates that farmcrs 
also preferred {Table 14). 
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Dissemination of balanced fertilization practices 
Up to now (2003) there are about l 00 households in Thach Hoa, Thach That, Ha 

Tay and 50 households in Dong Rang, Luong Son, Hoa Binh who have adopted the use of 
improved fertil ization practices su eh as 60 kg N + 40 P20 5 + 80 K 20/ha plus 5-l O t/ha of 
ptg manurc. 

Table 11. Average results ofthree FPR intercropping trials with cassava conducted by 
farmers in Tran Phu, Chuong My, Ha Tay, in 2001 and 2002. 

eassava Intercrop Gross Production Nct Farmer 
yicld yield income'l costs2

> income Preference 
Year e rOQQing S}'Stem (t/ha} (t/ha} --{'000 VND/ha} (%} 

2001 l. e monoculture 29.46 8.838 o 8,838 o 
2. e+ peanut ( 1 row) 22.37 0.975 11.586 486 11 ' 100 o 
3. e+ peanut (2 rows) 31.96 2. 125 20,213 972 19,24 1 100 
4. e + mungbcan (2 rows) 33.45 0.400 13 ,235 500 12,700 12 
5. e + watermclon 32.09 9,627 200 9,427 o 

2002 l. e monoculture 22.2 7,700 o 7,700 o 
2. e+peanut ( 1 row) 25.0 0.884 13, 170 486 12,684 35 
3. e + peanut (2 rows) 24.0 1.9 16 17,982 972 17,054 85 
4 . C+mung bean 22.9 o 8,001 500 7,501 10 
5. C+ so~bcan 25.7 0.400 10,981 500 10,481 10 

1\ Priccs: cassava roots 300 dong/kg frcsh roots 
peanuts 5,000 dong/kg dry pods 
mungbean 8,000 donglkg dry grain 
soybean 9,000 dong/kg dry grain 

2
¡ Costs: ferti lizers 859,500 donglha 

peanut secd 12.000 dong/kg dry pods 
soybean seed 11 ,000 donglkg 
mungbcan secd 1 0,000 dong/kg 
labor from household is not includcd 

Table 12. Average results of four FPR intercropping trials conducted by farmers in 
Thanh Hoa village, Thach That district, Ha Tay province io 2001. 

Cassava 
yield 

ero22ing systems'l (tJha} 
l. e monoculture 24.9 

lntercrop 
yield 
(tJha) 

2.e+pcanut(lrow) 23. 1 1.29 
3. e +peanut (2 rows) 27.8 1.87 
4. e +peanut (3 rows) 29.9 2.22 

Gross 
income2l 

7.470 
13,395 
17,690 
20,070 

Production 
costs3

l 

('000 VND/ha) 

486 
972 

1,458 
l) eassava is planted 2 weeks after peanut 
2
> Prices: cassava 300 dong/kg fresh roots 

peanuts 5,000 dong/kg dry pods 
2
> eosts: peanut seed 12,000 dong/kg dry pods 

ferti lizers 859,500 dong/ha 
labor from household not included 

Net Farmers ' 
in come preferencc 

(%) 
7,470 o 

12,940 o 
16,715 lOO 
18,627 o 
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Table 13. Increase in the adoption of cassava intercropping systems in FPR pilot sites 
in five provinces of north Vietnam from 2000-2003. 

2000 200 1 2002 2003 
Provinces Are a No. Area No. Are a No. Area No. 

{ha} households {ha} households {ha} households {ha} households 
Ha Tay 0.2 5 60 12 250 20.0 400 
Thanh Hoa o o o o o o 0.2 4 
Hoa binh o o o o o o 10.0 50 
Yen Bai o o 0.5 4 6 65 55.0 500 
Son La o o o o o o 7.0 40 

Total 0.2 5 0.5 64 12 3 15 92.2 994 

Table 14. Results of three FPR fertilizer trials conducted by farmers in Thach That 
district, Ha Tay province, in 2000 to 2002. 

Treatmcnts Cassava Gross Fertilizer Net Fanners' 
N-P20 5-K20 yield income3

) costs income preference 
Year {kg/ha} {t/ha} {'OOOVND/ha} {%} 
2000 l. 40-20-20

2
' 27.1 8, 130 409 4,821 10 

2. 40-40-0 30.7 9,2 10 462 5,848 o 
3. 40-0-40 29.3 8,790 356 5,534 o 
4. 60-40-80 32.5 9,750 880 5,910 90 
5. 80-40-120 32.3 9,690 1, 138 o 

2001 l. 40-20-20 23.0 6,900 409 3,591 o 
2. 40-40-40 25.0 7,500 622 3,978 60 
3. 60-40-80 27.2 8,160 880 4,380 LOO 
4. 80-40-120 27.6 8,280 1,138 4,242 o 

2002 l . 60-0-60 21.7 6,510 533 3,077 o 
2. 60-40-60 24.3 7,290 800 3,590 75 
3. 60-80-60 26.3 7,890 1,066 3,924 55 
4. 60-120-60 31.8 9,540 1,333 5,307 60 

Net income "" gross income-fertilizer costs 
2>Fanners' practice 
3> Prices; cassava dong 300 /kg fresh roots 

urea (45% N) 2,200 /kg 
fused Mg-phos ( 15% P20s) 1,000 /kg 
KCI (60% K20) 2,400 lkg 
labor for monoculture without fertilizers = 2.8 mil. dong/ha 
labor for fertilizer application "" 0.1 mil. donglha 
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Table 15. Effect of various combinations of N, P and K fertilizers on cassava yields 
and gross and net income in Dong Rang, Luong Son, Hoa Binh. Data are 
average values for 2000 to 2002. 

Cassava Gross Fertilizer Production Net 
yield income2

l costs2
l costs in come 

Treatments (tlha) ''000 VND/ha) B/C 
!.No. ferti li zers 13.07 4,574 o 2,800 1,774 1.63 
2. NPK1

, 21.21 7,424 809 3,709 3,715 2.00 
3. NP 18 .37 6,430 489 3,389 3,041 1.90 
4. NK 17.76 6,2 16 542 3,442 2,774 1.8 1 
5. PK 16.84 5,894 587 3,487 2,407 1.69 
6. N 16.23 5,680 222 3,122 2,558 1.82 
7. p 15.50 5,425 267 3, 167 2,258 1.71 
8. K 15.38 5,383 320 3,220 2,163 1.67 

40 kg N+40P20 s+80K20 /ha 
2, Prices: cassava dong 350/kg fresh roots 

urea (45% N) 2,500/kg 
fu sed Mg- phos. (1 5% P20 5) 1,000 
KCI (60% K20) 2,400 

Table 16. Effect of various combinations of N, P and K fertilizers on the yields of hvo 
cassava varieties in Dong Rang, Luong Son, Hoa Binh. Data are average 

values for 2000 to 2002. 

Cassava Increasc compared with TI lncrease in net 
yield incomc due to fcrt. 

(tlha) (t/ha) % ( '000 VND/ha) B/C 
Treatments 

N-P20s-K20 Vinh KM Vinh KM Vinh KM Vinh KM Vinh KM 
(k¡[ha) Phu 98-7 Phu 98-7 Phu 98-7 Phu 98-7 Phu 98-7 
1. no fertilizers 12.39 13.98 1.78 1.87 
2. 40-40-80 18.34 22.55 5.95 8.58 48.0 61.4 1.849 2,498 2 .09 2.33 
3. 40-60-80 19.07 22.68 6.68 8.70 36.4 38.6 2, 192 2.444 2.15 2.28 
4. 60-40-80 16.88 20.64 4.49 6.66 23.6 29.4 1,267 1,71 8 1.9 1 2 .10 
5. 60-60-120 16.60 20.98 4 .21 7.00 24.9 33.9 950 1,595 1.78 2.00 

2.5 Training andfarmer field days 
Every year we have conducted farmer training sessions on "cassava production 

practices" during the field days in four s ites of the project. Farmers and technicians 
participated in these training activities. Table 17 shows the number of training sessions 
and the number offarmers participating. 

The farmer field days were held in all the sites at the times of harvest of the 
intercrops and of the harvest of cassava. Those days, farmers, researchers, extensionists 
and localleaders worked together during the harvest, evaluation and discussion to select the 
best options to be tested again in the next season, and to select those technologies that were 
considered most useful for their own conditions. These were then later tried on their own 
farms. 
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Table 17. Farmers ' field days and training in four sites. 

Year 

Commune, district, ~rovince W of training 2000 200 1 2002 2003 Total 
Thach Hoa, Thach That, Ha Tay No. oftraining times 2 2 2 2 8 

No. of fanners 52 95 75 87 309 

Tran Phu, Chuong My, !la Tay No. oftraining times 1 1 2 2 6 
No. of farmers 42 35 102 44 223 

Nhu Xuan, Thanh !loa. No. of training times 1 1 2 
No. of farmers 35 70 105 

Dong Rang, Luong Son, Hoa Binh No. oftraining times 1 1 o 2 4 
No. of fanncrs 45 38 o 124 207 

CONCLUSIONS 
FPR is a vcry useful methodology, both for the scicntists and for the farmers, 
because the farmers knOW why WC need lO WOrk together wi th them, and WC Can 
get feedback information about what farmers want to do. So, the researchers and 
extension workers can improve the ir skills in working with farmers. 
Using the various FPR methodologies can increase thc adoption of new varieties 
and new tcchnologies for improving cassava production. 
New cassava varieties and new tcchnologies have been disscminated and havc been 
adopted by a large number of households in the northem mountainous and hilly 
areas. So, farmers' incomes ha ve increased. 
The followi ng technologies werc considered most uscful and were adopted most 
wide ly by farmers in Ha Tay, Hoa Binh and Thanh Hoa provinces: 
- KM 94, KM 60 continue to be the most popular varieties for obtaining high 

yields. There are now sorne new promising clones like KM 98-7, KM 21-20 and 
KM 21- 12. 

- Cassava intercropping with two rows of peanut betwccn cassava rows. 
- Applying a medium leve! of fertilizcrs such as 5-I O t/ha of pig manure plus 40-60 

kg N, 40 P10 5 and 80 K20/ha. 
- Planting con tour hedgerows of vetiver grass, Paspalum atratum, Tephrosia 
candida, or pineapple to control soil erosion in cassava ficlds. 
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THE FPR CASSAVA PROJECT IN THUA THIEN-HUE PROVINCE 
OF CENTRAL VIETNAM 

Nguyen Thi Cach 1 

ABSTRACT 
From FPR trials conducted in Hong Ha commune of A Luoi district, and in Thuong Long 

commune of Na m Dong district, it was found that the cassava varieties KM 98-1, KM 94, KM 140-2 
and KM 108-2 grow well in Thua Thicn-Hue province, with higher root yields, starch contents and 
economic benetits than the local varicties. lt is recommcnded that these varieties be planted to 
supply the raw material for the cassava processing factories in Hue. The variety KM 98-1 can be 
planted for both food and industrial purpose as it has a low content of HCN. 

KM 94 generally has the highest fresh lea f yield, dry leaf yield and protein content of the 
lea ves, fo llowed by KM 98- 1; these two varietics tend to ha ve higher yields than othcrs such as SM 
1447-7 and the local variety Nep. 

Farmers selected red or black bcan as the most suitable intercrops with cassava in upland 
arcas, but prc fe rred peanut or red bean for intercropping at lower elevations. 

Ethnie minority people who are living in upland arcas and tend to have low living standards 
selected the use of a mixture of 30 kg N, 30 P20~ and 90 K~O/ha to apply to their local cassava 
variety, in accordance to their limited investment potentia l. 

Planting eontour hedgerows ofvetiver or Paspalum grass + pincapple or Tephrosia candida 
+ pineapple on 2 1% slope was shown lo be very effective in decreasing soil loss by eros ion, and 
increasing cassava yields and income, as comparcd to planting cassava wi thout hedgerows. 

INTROOUCTION 
Thua Thien-Hue province has mainly sloping land, corresponding to around 

73.29% of the natural land area. Over time, soils in this tropical regían have weathcred, 
nutrients have leached out and soils on slopes have been lost by erosion resulting in poor 
soil physical and chemical characteristics. This has led to low cassava y iclds. Moreover, 
hcavy rainfall and frequent typhoons have caused serious soil erosion. Thus, the soils used 
for growing cassava have to be improved by intercropping with legumes, by applying 
animal manures, compost, green manures and chemical fertilizers, espec ially potassium, 
and by the use of effecti ve soil erosion control measures. Also, most farmers still plant 
local varieties which have low yie lds. By planting new cassava varieties which have higher 
fresh root yields and starch contents, farmers' income can be increased. 

However, farmcrs should decide for themselves what is thc best way to improve 
cassava. For that reason, partic ipatory rescarch (FPR) and action (FPA) is a good way to 
enhance the adoption of more sustainable cassava production practices. 

In this paper we present the results of farmer partic ipatory research, evaluation and 
selection of the most suitable new cassava varieties, which are adapted to the local soil and 
climate, and are suitable for current markets; similarly, we present the results of FPR trials 
on intercropping, fertilizer application and soi l erosion control. 

1 Hue University of Agriculture and Forestry, Huc city, Thua Thien-Hue, Vietnam. 
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METHODOLOGY 
Hue University of Agriculture and Forestry (HUAF) evaluated and selected good 

cassava cultivars with farrner participation in Hong Ha, Thuong Long and Huong Van 
communes in Thua Thien-Hue province, in the central part ofVietnam. 

The following farrner participatory methodologies were used: 
Establish groups of farrners interested in conducting FPR cassava trials 
Organize visits of these farmers to demonstration plots and train farrners and local 
extensionists 
Help farmers establish FPR trials on their own fields 
Monitor and evaluate the trials and treatments at field days/workshops 
Ask farrners to select new varieties or improved intercropping, fertilizer application 
or erosion control practices 

RESUL TS ANO DISCUSSION 

Results of Research on Cassava Varieties 
The results of the FPR variety trials are shown in Table l . The following varieties 

produced both high fresh root yields and starch yields: KM 98- 1, KM 94, SM 1447-7, SM 
937-26, KM 108-2 and KM 140-2. KM 98- 1 had an average root yield of 31.2 tlha and 
starch yield of 8.6 tlha, while KM 94 had a root yield of 27.5 t/ha and starch yield of 8. 1 
tlha. These two varieties have been tested for many years, from 1998 to 2002. In 2002 
farrners a1so liked sorne of the other new varieties like KM 108-2 and KM 140-2. KM 98- 1 
produced especially high root yields and starch yields in upland areas; this variety was 
preferred by 100% of the farrners, because it not only produced high yields but a lso had a 
low cyanogenic potential, making this variety very suitable for both industrial use and for 
human consumption by ethnic minority people living in upland areas. 

In another tria!, four cassava varieties were evaluated for their production potential 
of both roots and lea ves. Table 2 shows that KM 94 produced the highest fresh leaf yield, 
dry leaf yield and protein yield. KM 98- 1 had a higher fresh root yield, dry root yield and 
starch yield than KM 94 in this tria!, but had a lower fresh leaf yield, dry leaf yield and 
protein yield. The other two varieties, SM 1447-7 and the local variety Nep, were not as 
productive in any of the root or leaf yield parameters. 

Results of Research on Intercropping Cassava with Grain Legumes 
Table 3, shows that 100% of farrners in Hong Ha commune of A Luoi district 

selected the intercropping of cassava with red or black beans beca use of the higher cassava 
root yields and net income obtained with these two intercropping systems. In Thuong Long 
commune of Nam Dong district farrners pre ferred intercropping with peanut or mungbean. 
At lower elevation in Huong Van commune of Huong Tra district, farrners prefcrred 
intercropping with peanut followed by mungbean, red bean and black bean. 

Results of Research on Fertitization 
In Hong Ha commune of A Luoi district. farrners conducted an FPR fertilizer tria! 

with two different levels of N, P and K compared with a check without fert ilizer using the 
local cassava variety Nep. Table 4 shows that using the mixture of 60 kg N, 60 P10 5 and 
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120 K10/ha doubled the yield and increased thc net incomc 2.3 times as compared to the 
check. 

Table l. Fresh root yield (FRY) and starch yield (SY) of cassava varieties tested in FPR trials 
conducted by farmers in two communes and at an experiment station in Thua 
Thien-H u e province of Central Vietnam from 1999-2003. 

llong Ha Thuong Long ll uong Tra" 

- ---

1999 00 2000/01 2001 02 2002 03 Average 

Farmers 

FRY SY FRY SY FRY SY FRY SY IICN FRY SY preference Polcnual 

Vancltc' (Lha) (tha) (Lha) (L'ha) (llha) (Lha) (Lha) (t-ba) (tba) (llha) (•o) usage 

Ncp local 26.9 R.O 15.6 5.0 17.9 5.3 166 4.2 85 19.3 5.6 50-67 food. feed 

Vtnh Phu 28.3 8.5 24.2 7.4 21.7 5.7 21.5 5.8 111 239 6.9 35-37 food. fccd 

KM94 29.2 8.8 24.9 7.9 28.0 8.0 27.8 7.7 202 27.5 8.1 40-91 s1arch 

KM 98-1 31.8 9.5 34.8 8.8 29. 1 8.2 28.9 7.8 115 31.2 8.6 100 food. fccd. slarch 

SM 1447-7 32.1 8.2 24.0 7.2 28 .1 7.7 37-51 feed. slarch 

SM 937·26 30.3 9.2 26.4 7.3 25.5 6.8 165 27.4 7.8 37-68 fccd, slarch 

KM 98-5 29.0 8.1 234 6.1 179 26.2 7. 1 36-50 fecd. s1arch 

KM 21-12 26.1 6.7 140 26.1 6.7 o feed, slarch 

KM 111·1 21.2 5.1 138 21.2 5. 1 o feed. slarch 

KM 108-2 29.3 7.9 141 29.3 7.9 60-86 feed. starch 

KM 140-2 29.6 7.6 143 29.6 7.6 60-86 fecd, slarch 

KM 98-7 26.7 6.8 135 26.7 6.8 30 feed. slarch 

1
' llue Um,crstly Expenmcnl SLalion m Huong Tra dislncl. 

Table 2. Results of the cassava leaf cutting tria! conducted in Huong Hoa commune in ~am 
Dong district, Tbua Thien Hue province in 2002. 

Yield parameters Nep (local) KM94 KM 98-1 SM 1447-7 
Fresh leaf yie1d (kglha) 1,074.1 1,555.6 1,333.3 1.111.1 
Lcaf DM content (%) 25.5 27.5 26.0 26.5 
Dry 1eaf yie1d (kglha) 273.9 427.8 346.7 294.1 
Leaf pro te in content (%) 25.8 26.2 26.9 25.3 
Leaf protein yie1d (kg/ha) 70.7 11 2.2 93. 1 74.4 
Frcsh root yie1d (t/ha) 20.7 27.8 29. 1 22.7 
Root DM content (%) 30.3 32. 1 30.9 30.2 
Dry root yic1d (tfha) 6.2 8.9 8.9 6.8 
Root starch content (%) 24.3 25.6 24.9 24.4 
Root starch yie1d (t/ha) 5.0 7.1 7.3 5.6 
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Table 3. Result of FPR cassava intercropping trials with peanut and various t)•pes of beans 
in Hong Ha, Thuong Long and Huong Van communes in Thua Thien-Hue in 
2001102. 

Hong Ha Thuong Long Huong Van F am1crs prcfcrcncc 

Net 
FRY SY mcome 

Trcatmentsn (t/ha) (t/ha) (mi l. d/ha) 

l.C monoculture 20.4 5.5 6.5 
2.C+ red bean 22.0 6.0 9.4 
3.C+ peanut 21.9 6.1 7.3 
4.C+ black bean 22.1 6.2 7.6 
S.C -r- mungbean 21.8 6.0 6.6 

1) cassava varicty: KM 98-1 
fcrtilizers: 30N+ 30P10~+90K~O 

11 Pnces: cassava 
peanut 
red beans 
black beans 
mungbeans 

31 Cost: peanut seed 
redlblack bean seed 
mungbean secd 
labor 
labor for cassava monoculture: 
labor for intcrcropping: 

, et Net 
FRY SY mcome FRY SY mcome 
(t/ha) (t/ha) (mi l. dlha) (t ha) (t/ha) (mil. dlha) 

24.0 6.7 9.7 21.1 6.0 
25.7 7.2 10. 1 24.7 6.9 
25.1 7.0 10.2 25.0 6.9 
24.9 6.9 9.6 24.5 6.R 
25.0 7.0 9.9 24.7 6.9 

dong 500/kg frcsh roots 
4,000/kg dry pods 
3,500/kg dry grain 
3,500/kg dry grain 
6,000/kg dry grain 
8.500/kg (nccd 160/kg/ha) 
6,000/kg (nccd 40 kglha) 

12.000'kg (nccd 40 kglha) 
15.000/man-day 

1.8 mil. donglha ( 120 man-days) 
0.9 mil. donglha (60 man-days) 

5.2 
8.2 
9.8 
7.9 
8.2 

(%) 

------
Hong Thuong Huong 
Ha Long Van 

o o o 
100 100 50 

o 100 100 
100 10 42 
54 75 56 

Table 4. Average results ofthree FPR fertilizer trials conducted by farmers in Thuong 
Long and Hong Ha commune, A Luoi district, Thua Thien-Hue in 2000. 

Treatments 
(N, P and K in kg!ha) 
O N+{) P+O K 
30 N+ 30 P20 5+90 K20 
60 N+60 P20 5+ 120 KzO 
11 Priccs: cassava dong 

urea (45°o ) 
SSP ( 15°o P20 5) 
KCl (SO• o K20) 

11 Cost of cassava cultivation: 
Cost of fertilizcr application: 

Cassava 
root yield 

(t/ha) 

Gross Production 
income11 costs21 

('000 dong/ha) 
7.5 

12.5 
15.6 

3,750 
6,250 
7.800 

500 kg frcsh roots 
2,500/ kg 
1.100/ kg 
2.200/ kg 

1.8 mil. donglha ( 120 man-days) 
0.03 mil. dong/ha (2 man-days) 

1,800 
2,6 13 
3.13 1 

et 

m come 

1,950 
3,637 
4.669 

Fanners' 
prcfercnce 

(%) 
o 

66 
34 
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Results of Research on Soil Erosion Control 
Results of an FPR eros ion control tria! conductcd by a farmer on 18% slope in 

Hong Ha commune is shown in Table 5. All types ofhedgerows planted along contour 
lines decreased soil loss by erosion, and markedly increased cassava yields and income 
as compared to the check without hcdgerows. Soil losses decreascd dramatically with 
hedgerows of vetiver/ Paspalum grass + pineapple, from 41.2 tlha in 2001 down to 14.7 
t/ha, in 2003; and with Tephrosia candida + pineapple from 49.6 down to 10.8 t/ha. 
The nct income also increased markedly from 7.3 mil. donglha in 2001 to 14.6 mil. 
dong in 2003 using hedgerows of Tephrosia candida plus pineapple. All farmers 
preferred the use of Tephrosia candida + pineapple, while 76% preferred 
vetiver!Paspalum grass + pineapple as hedgerows for erosion control in Hong Ha 
commune. 

Table S. Results of an FPR erosion control trial with cassava conducted by a farmer on 
18% slope in Hong Ha commune, A Luoi district, Thua Thien Hue, in 2001 and 
2003. 

Dry Cassava Fanners 
soilloss yield Gross Product. Nct prcfcrence 
(t/ha) (tlha) income21 COSts31 income (%) 

'000 donglha 
Hedgerow trcatments11 2001 2003 2001 2003 2001 2003 2001 2003 2001 2003 2001 2003 

Vetiver Paspa/um+pineapple 41.2 14.7 25.6 26.1 13.3 16.9 6.8 3.8 6.5 13.1 74 76 
Sesbania cananabira+pincapplc 57.5 54.8 26.8 27.5 12.9 16.1 6.8 3.8 6. 1 12.3 o o 
Crota/aria usaramoeses+pineapple 63.3 49.3 27.2 27.9 13.6 16.5 6.8 3.8 6.8 12.7 o o 
Tephrosw candida+pineapple 49.6 10.8 28.0 30.2 14.1 18.4 6.8 3.8 7.3 14.6 100 100 
Phaseolus calcaratus+pincapplc 55.6 42.5 24.9 24.8 12.5 15.2 6.8 3.8 5.7 11.4 o o 
No hedgcrows 91.2 89.4 17.5 16.0 8.8 8.2 6.8 3.8 2.0 4.4 o o 

n Fertilizcrs: 30 kg N + 30 P20 5 + 90 K20/ha 
21 Pricc: cassava dong 500/kg frcsh roots 
n cost: urca (45°o N) 2.500 kg 

SSP ( l7°o P20~) 1.000/ kg 
KCI (SO% K20) 2,200/ kg 
total fertilizers = 0.74 mil. dong/ha 
labor = 15.000 dong¡man-day 
labor for cassava cultivation ( 120 mdays.íha) = 1.8 mil. dong/ha 
labor for ferti lizcr application (20 mdays/ha) = 0.3 mil. donglha 
labor hedgerow planting + maintenancc ( 1 O mdays/ha) = 0.15 mil. donglha 
hcdgerow seed = 0.25 mil. donglha 
pincapple planting material: 500 donglshoot (need 6.000 shoots/ha) = 3.0 mil.donglha 
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CONCLUSIONS 
l. In the central part of Vietnam, many new cassava vanehes were evaluated by 

researchers at Hue University, and the best ones were tested by farmers on their 
own fields. KM 98-1 was the variety preferred by 100% of farrners, because of its 
high yield and low cyanogenic potential, so it can be used for both starch 
production and human consumption. Besides KM 98-1 , farrners also liked KM 94, 
KM 108-2 and KM 140-2. 

2. In a leaf production trial, KM 98-1 produced a higher fresh root yield, dry root 
yield and starch yield than KM 94, but had a lower fresh leaf yield, dry leaf yield 
and leafprotein yield. The other varieties, SM 1447-7 and the local variety Nep, 
were less productive in terrns of both root and leaf yields. So, KM 94 is probably 
the best variety for production of both roots for starch production and leaves for 
animal feeding, followed by KM 98-1. 

3. In upland areas of A Luoi and Nam Dong districts, the best cassava intercropping 
system was found to be that of red or black bean; but also peanut in Nam Dong in 
an area nearby a stream which had good soil. In lowland areas such as Huong Tra 
district farrners preferred intercropping with peanut. 

4. In Hong Ha commune, farrners selected the application of 30 kg N, 30 P20 5 and 90 
kg K20/ha as the most suitable fertilizer mixture for cassava, since this produced 
nearly double the yield as compared with the check without fertilizer, while it is 
still affordable for ethnic minority people who have a low living standard in the 
uplands. 

5. Hedgerows of Tephrosia candida + pineapple or vetiver/Paspalum atratum + 
pineapple planted along contour lines were very effective in reducing soil losses by 
erosion in Hong Ha commune. Because soi l loss decreased, both cassava yields 
and income increased. For that reason, most farrners preferred these two types of 
hedgerows. 
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THE FPR CASSAVA PROJECT AND ITS IMPACT ON THE USE OF ENSILED 
CASSAVA ROOTS AN D LEA VES FOR ON-FARM PIG FEEDING IN CENTRAL 

VIETNAM 

ABSTRACT 

Nguyen Thi Hoa L/.Dao Thi Phuong1, Le Van Phuoc1
• Le Van An1 

and Reinhardt Howele1.: 

Cassava ( Manihot ese u lenta Crantz) is thc third most importan! food crop in Vietnam, after 
rice and maizc. In 2002 root production was about 3.145 million tonncs. much ofwhich was used for 
on-fann anima l fecd ing. 

Making silagc is an appropriatc mcthod to preserve cassava roots and leaves in order to reduce 
thc toxicity of HC ; it is also casy to use under vi llage conditions. Processing cassava roots and !caves 
by ensiling may be casier than sun-drying, espccially during thc wct season. Two communes. i.e. 
Huong Van communc in Huong Tra district and Hong Ha communc in A Luoi district ofThua Thien
lluc provincc werc sclccted as pilo! si tes for conducting FPR pig fccding trials. 

In Iríais conducted in Hong Ha, thc inclusion of 20% as dry matter (DM) of cnsi led cassava 
roots (ECR) in thc dict of pigs increascd the dai ly weight gain 4% and decreased thc fced cost. In 
Huong Van communc the inclusion of 30°·o ECR (as DM) in thc pigs' diet also improvcd thc dai ly 
wcight gain and decrcased the feed cost by 7.3%. 

Undcr villagc conditions. ensilcd cassava roots can be uscd up to 45 to 60% of DM in the diet 
of pigs without affecting the animals' hcalth or overall performance; it also rcsulted in a 15.5-18.3°·o 
rcduct ion in fccd cost when the diet was carcfully balanced. 

Using various additives for cnsiling cassava leavcs. it was found that the inclusion of rice 
bran or cassava root meal at levels of 5 or 10% and fresh cassava roots at levels of up to 50% ( on fresh 
cassava leavcs basis) produces good qua lity s ilagc that could be storcd for at least fivc months. The 
HCN content of ensi lcd cassava lea ves (ECL) dccreased very quickly during the first 30 days, and thc 
HCN content was on ly about 20-28% ofthc initiallevel at 90 days after cnsi ling. 

In dicts for growing pigs, thc inclusion of 15% (as DM) of ensi led cassava !caves improved 
thc daily wcight ga in and the feed conversion ratio. and reduced thc fccd cost by 25%. 

Substituting 45°o DM with cnsi lcd cassava (13% ECL + 32°o ECR) in the dict of growmg 
pigs increascd the daily wcight gain by 9.32% and s ignificantly rcduced the feed cost!kg gain by 
26.83%. 

In Huong Van commune the use of 16% cnsi led cassava lcavcs or dry cassava leafmcal in the 
dict of growing pigs (as DM) had no statistically significan! cffcct on the live weight gain or feed 
conversion ratio, but rcduced the feed cost by 12- 16% as comparcd to pigs fed a diet containing 16% 
cnsi led swect potato vines (ESP). 

Additionally. supplementation with O.l 0
1o DL-meth ioninc in diets of pigs containing 45°o (as 

DM) ensi lcd cassava (15% ECL and 30% ECR) increascd the daily weight gain and rcduced the feed 
cost. 

In conclusion. ensi led cassava roots and leaves wcre uscd cffectively for fecding pigs, and 
rcsulted in increascd incomes for fanners. 

Ensiling is thc best mcthod of prcscrving cassava when thc harvest of cassava coincides with 
the rainy season: thc techniquc is simple, cheap and suitable for farm conditions in Central Vietnam. 

1 llue University of Agriculture and Forcstry. Hue city. Thua Thien-Hue, Vietnam. 
2 ClA T Regional Cassava O ffice for Asia, Dcpt. of Agríe., Chatuchak, Bangkok, Thailand. 
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Farmer Participalory Research (FPR) is 1he best melhod lo dcvclop lechnologies and lransfer 
lhese lo farmers. 

INTRODUCTION 
Cassava (Manihot esculenta Crantz) is the third most important food crop in 

Vietnam, after rice and maize. In 2002 root production was about 3.145 million tonnes 
(Pham Van Bien et al .. 2007), much of which was used for animal feeding. In 2001 /02 the 
cassava area was more than 288,000 ha of which about 94,500 ha were planted with new 
varieties such as KM 60, KM 94, KM 95, KM 95-3 and KM 98- 1. This corresponds to about 
33% of the total cassava area in the country (Pham Van Bien et al., 2007). These new high
y ield cassava varieties usually have higher HCN contents than the local varieties. 

At root harvesting time, the fresh leaf yield is about 5 tlha and the yield of total green 
fo liage is about 7 tlha (Duong and Ngoan, 1993). Because of their high protein content of 
21 -28% (Nguyen Thi Hoa Ly et al. , 200 1; 2002) with a lmost 85% of the crude pro te in 
fraction as true protein (Ravindran, 1993), cassava leaves are a good source of protein for 
pigs. Supplementation with DL-methionine has been reported necessary for the detox ification 
of cyanide and to improve the uti lization of protein in pigs (Job, 1975; Portela and Maner, 
1973). 

Cassava roots contain high levels of energy and have been used as an energy source 
for animals, while cassava leaves contain high leve! of crude protein and are a good source of 
protein for animals. However, their high contents of cyanide limits their use as an animal 
feed . 

The most common procedures for reducing the cyanide content are sun-drying and 
ensiling (Duong Thanh Liem et al., 2000; Nguyen Thi Hoa Ly and Nguyen Thi Loe, 2000; 
Nguyen Thi Hoa Ly et al., 1999, 2001 ; Nguyen Thi Loe, 200 1; Bui Huy Nhu Phuc et al. , 
2001; Wanapat, 200 1). 

When the root harvest corresponds with the rainy season it is difficult to sun-dry, so 
making silage is an appropriate method to preserve cassava roots and leaves and to reduce the 
toxicity of HCN; it is also applicable under vi llage conditions. Processing cassava roots and 
!caves by ensil ing is simpler than sun-drying, especially during the wet season. 

Farmer Participatory Research in Thua Thien-Hue started in 2000 as part of the 
Nippon Foundation Cassava Project. This is a collaborative project between Hue University 
of Agriculture and Forestry (HUAF) and the Centro Internacional de Agricultura Tropical 
(CIA T). Two communes, Huong Van commune in Huong Tra district and Hong Ha commune 
in A Luoi district in Thua Thien Hue province, were selected as pilot sites for the FPR 
project. 

Sorne treatments, evaluated on-station of the effect of additives on the quality of 
ensiled cassava leaves (ECL), were tested in FPR trials conducted in Huong Van and Hong 
Ha communes to identify the effects of using ensiled cassava roots (ECR) and ensi led cassava 
!caves (ECL) in d iets of pigs from 2000 to 2003. 

The project aimed: 
To introduce preservation methods of cassava roots and leaves by ensiling. 
To evaluate the use of ensiled cassava roots and leaves for pig feeding on the pigs' 
performance under real farm conditions in centra l Vietnam. · 
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RESULTS 

l. Ensiled Cassava Roots (EC R) for Feeding Growing Pigs 
In Central Vietnam making s ilage is an appropriate mcthod to preserve cassava roots 

to be uscd for pig fccding and is applicable under village conditions. After harvesting, roots 
(local or KM 94 variety) were cleaned, grated and mixed with 0.5°o salt. The mixture was put 
into largc plastic bags of 20-30 litcrs, the wet mass was compactcd to expel a ll air and the 
bags wcre tied. Thc roots were left to ferment naturally. The mixture could already be used 
after 2-3 wceks of cnsiling, or could be stored for 6-8 months. 

An FPR trial was carried out in four households of Hong Ha commune in 2001 to 
determine the effect on pig performance of using en si led cassava roots (ECR) in the die t. Thc 
results ind icate that thc daily weight gain of pigs fed 20% ECR (as DM) in the diet was 4°o 
higher than that ofpigs fed the control diet. Using a 20% ofDM inc lusion ofECR in the pigs' 
ration incrcased the growth rate and rcduced fccd costfkg gain by 3.9%. A similar tria! 
conductcd in Huong Van communc, using a 30°o of DM inclusion of ECR in thc pigs' ration 
imprO\cd both the daily weight gain and feed cost by 7.3%. Thc cffect of evcn higher levels 
of ensilcd cassava roots (ECR) in thc dicts of growing pigs is shown in Table l . 

Table l. Effect of increasing levels of ensiled cassava r oots in the diets of growing pigs 
on the pigs' performance in Huong Van commune, Huong Tra district of 
T hua T hien-Hue provincc, Vietnam, in 2002/03. 

Treatments Control 1
, 45% ECR 1

, 

Livc wcight (kg) 
- initial 27.7 27.6 
- final 76.0 78.0 
Livc wcight gain (g/day) 536.0 560.0 

(%) 100.0 104.5 
Dai ly fecd intakc (kg DM/day) 1.58 1.55 
Feed conversion ratio (kg DM/kg gain) 2.89 2.73 

(%) 100.0 94.5 
Fecd cost (YND)/kg gain 7.057.0 5,960.0 

(%) 100.0 84 .5 

ncontrol: Control diet with rice bran. maize. fish mcal and sweet potato vines. 
45 EC R: Diet containing 45 % ensiled cassava roots (as DM) 
60 ECR : Diet containing 60 % ensi led cassava roots (as DM) 

60% ECRn 

28.4 
80.3 

577.0 
107.6 

1.63 
2.76 

95.5 
5,763.0 

8 1.7 

Thc data in Tablc 1 indicatc that there wcrc no statistica lly significan! differences in 
li ve weight gain (L WG), daily fccd intake (DFI) as well as fecd conversion ratio (FCR) 
between the pigs fed the 45 and 60% ECR and the control diet (P>0.05). Howcver, the daily 
weight gain of pigs fed 45 and 60% ECR in the dict were 4.5 and 7.6% higher, respectively, 
than thc control diet (Figure 1). Thc feed conversion ratio (FC R) of pigs fed 45 and 60% 
ECR in the diet were 5.5 and 4.5% lower, respcctively, while the feed costs per kg gain wcrc 
15.5 and 18.3% lower, respectively, than those ofpigs fed the control diet (Figure 2) . 
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The present study has shown that under vi llage condit ions, ensiled cassava roots 
(ECR) can be used up to 45 to 60% of DM in the diet of pigs without affecting the animals' 
health or overall performance. lt also resulted in a 15.5- 18.3% reduction in fecd cost when thc 
diet was carefully balanced. 
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Figure l . Effect of increasing levels of ensi/ed cassava roots in the diets o.f 
growing pigs on live weight gain in Huong Van commune in 2002/03. 
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Figure 2: E.ffect o.f increasing levels o.f ensiled cassava roots in the diets o.f 
growing pigs on.feed cost in Huong Van commune in 2002103. 



134 

2. Ensiled Cassava Leaves (ECL) for Fceding Growing Pigs 
Fresh !caves of cassava (Ba Trang variety) were collected at time of root harvest and 

spread out on the floor sorne hours or overnight for wilting. The leaves were separated from 
thc stems and petio les, chopped into small pieces (2-3 cm), mixed with 0.5% salt and 
additives: rice bran, cassava root meal at 5 and 10% levels, and fresh cassava grated roots at 
four different levels: 20, 30, 40 and 50% (frcsh basis). The eight treatments were: 
l . Cassava leaves + 5 % rice bran 
2. Cassava lea ves + 1 O % rice bran 
3. Cassava leaves + 5% cassava root meal 
4. Cassava !caves + 1 O % cassava root mea) 
5. Cassava )caves + 20% fresh cassava roots (fresh basis) 
6. Cassava !caves + 30 % fresh cassava roots (fresh basis) 
7. Cassava leaves + 40 % fresh cassava roots (fresh basis) 
8. Cassava Jeaves + 50 % fresh cassava roots (frcsh basis) 

The ensi led cassava leaves (ECL) were analyzed for dry matter (DM), crude protein 
(CP) and hydrogen cyanide (HCN) at 30, 60 and 90 days after ensili ng. The analysis was 
done in the University laboratories from 12/2002 to 3/2003 . 

The inclusion of the additives such as rice bran or cassava root meal at levels o f 5 and 
10%, or fresh cassava roots at 20, 30, 40 and 50% (on fresh weight basis) is meant to 
mainta in good quali ty s ilage for at Jeast tive months. The DM content of the silage using 
diffcrcnt additives varied from 26.4-33%, while the CP content varied from 19.8-27.5% (as 
DM) at 90 days after ensiling (Table 2). The HCN content of ECL decreased very quickly 
from the first day to 30 days and then continued to decrease from 30 to 90 days; the HCN 
content was on ly about 20-28% of the initiallevel at 90 days after ensil ing. 

Table 2. The effcct of adding various a mounts of rice bran, cassava root meal a nd 
fresh (grated) cassava roots to cassava leavcs during ensiling on the dry 
matter, crude protein and hydrogen cyanide content of the silage l , 30 
and 90 d ays after ensiling at Hu e Univ. of Agríe. and Forestry, in 2002/03. 

0!1: mattcr ~%~ Cn1de Erotcin ~% DM} HCN (mg!kg frcsh~ 
Trcatmcnts 1 da~ 30 da~s 90 da;ts 1 da;t 30 da~s 90 da~s 1 da~ 30 da~s 90 da~s 
Frcsh cassava leaves (CL) 25.5 29.8 323 
l. C L +-5" o rice bran 33.8 30.8 30. 1 29.8 27.2 26.9 283 137 75 
2. C L - 1 O" o rice bran 34.8 32.9 3 1.9 28.0 25.8 24.6 269 130 78 
3. C L+5°o root mea! 31.7 32.3 3 1.5 29.2 28.3 27.5 287 143 89 
4. C L + 10% root mea! 34.7 33.8 33.0 26.8 24.9 25. 1 274 125 70 
5. C L+20% fresh cassava roots 26.8 25.7 26.4 27.0 26.4 25. 1 292 146 80 
6. C L+30% fresh cassava roots 28.2 26.7 27.8 24.5 24.2 22.6 272 141 7 1 
7. C L +40% fresh cassava roots 29.6 27.4 28.3 22.5 2 1.6 21.7 252 148 71 
8. C L+50% fresh cassava roots 29.4 28.6 28.4 2 1.4 20.8 19.8 232 11 2 65 

An FPR trial on the effect of using 15% (as DM) of ensiled cassava leaves in the diet 
of growing pigs on performance conducted by farmers in Huong Van commune in 2001 
showed that using a 15% of DM inclusion of ECL in the pigs ' ration did not affect the growth 
ratc but reduced feed costlkg gain by 25 .62% (P<O.OO l ). 
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A similar FPR tria! using ensiled cassava roots (ECR) and ensiled cassava leaves 
(ECL) in the diet of growing pigs at Hong Ha commune in 2002 showed that daily weight 
gain was 9.32% higher and the feed conversion was 9. 73% lower with the use of 45% of DM 
as ensiled cassava ( 13% ECL + 32% ECR) in the diet of growing pigs. The feed cost was 
26.83% lower using ECR and ECL in the diet (P < 0.05). The inclusion of 45% of DM as 
ensiled cassava ( 13% ECL and 32% ECR) in the pigs ' diet increased the daily weight gain 
and reduced the feed cost by 26.83 %. 

Another FPR trial on the effect of using cassava leaves after either ensiling or sun 
drying in the diet of growing pigs was carried out by five families at Huong Van commune in 
2002. These five families raised a total of 30 pigs, all cross-breeds between Mong Cai and 
Large White, with initial live weight of around 22-26 kg. Each farmer raised six randomly 
assigned pigs, distributed into three treatrnents with two pigs per pen for each treatrnent. 

The basal diet (traditional diet) consisted of rice bran + fermented fish + ensiled 
cassava roots (25% as DM) + sweet potato vines, combined with the following treatrnents: 

Treat. 1: pigs fed 84 % basal diet + 16 % (as DM) ensiled sweet potato vines (ESP) 
Treat. 2: pigs fed 84 % basal diet + 16 % (as DM) ensiled cassava leaves (ECL) 
Treat. 3: pigs fed 84% basal diet + 16 % (as DM) cassava leaf meal (CLM) 

The experiment !asted for 92 days. The effect of using ESP, ECL and CLM m 
growing pigs ration is shown in Table 3. 

Table 3. Average results of five FPR pig feeding trials on adding ensiled cassava and 
sweet potato leaves or cassava leaf meal to the diet, conducted by farmers in 
Huong Van commune, Huong Tra, Thua Thien-Hue, Vietnam in 2002. 

No. of Life weight {kg} Lwol1 FCR21 Feed cost31 

Treatments Eigs initia l 3 months {~da;r} {kg DM/kg gain} {mglkg fresh} 
84% control diet+ 16% ESP 10 25.70 74.04 525.1 3.92 8,41 9 
84% control diet+ 16% ECL 10 23.70 71.6 1 520.8 3.86 7,416 
84% control diet+ 16% CLM 10 22.20 67.00 486.9 3.85 7,076 

F test NS NS 
L WG = live weight gain 

2
> FCR = feed conversion ratio 
Control diet of rice bran 56%, fermented tish 6%, ensiled cassava root 30%, and sweet potato 
vine 8% (as DM) 
16% ESP = 16% ensiled sweet potato vines on DM basis 
16% ECL = 16% ensiled cassava leaves on DM basis 
16% CLM = 16% dry cassava leaf mea! on DM basis 

Note: price offeed in Huong Van: rice bran : 2000 VND/kg; fermented fish: 2200 VND/kg; ECR: 400 
VND!kg; fresh SP vine 400 VND/kg; plastic bag 3000 VND; cassava leaves at harvest considered free. 

There were no statistically signi ficant differences in Ji ve weight gain (L WG) or in 
feed conversion ratio (FCR) between the pigs fed 16% ESP in the diet ( as DM) and the 
ECL or CLM diet ( P>0.05). However daily weigh gain of pigs fed 16% ESP and ECL in diet 
were 7.8 and 6.3% higher, respectively, than the CLM diet (Figure 3). 
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Using 16% ensiled cassava leaves (ECL) or dry cassava leaf mea! (CLM) in the diet 
of growing pigs (as DM) had no statistically significan! effect on live weight gain (L WG) or 
feed conversion ratio (FCR), but reduced the feed cost by 12-1 6%, as compared to pigs fed a 
diet containing 16% ensiled sweet patato vines (ESP). 
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Figure 3: Dai~v live weight gain (L WG) ofgrowing pigs in three treatments using 
ensiled sweetpotato vines (ESP).ensiled cassava leaves ( ECL) or cassava 
leafmeal (CLM) in the pigs' diet in Huong Van commune in 2002. 

Results of another FPR tria! on the effect of methionine supplementation in the diet of 
growing pigs containing 45% of DM from cassava (30% DM from ECR and 15% from ECL) 
is shown in Table 4. 

Table 4. Results of an FPR trial on methionine supplementation of pig feed containing 
ensiled cassava root (ECR) and lea ves (ECL) in diets of growing pigs 
conducted by farmers in Huong Van commune, Huong Tra district ofThua 
Thien-Hue ,Vietnam in 2003. 

Treatrnents Control 1 ¡ 0.05% Met' ' 0.1 % Met0 

Live weight, (kg) 
- initial 20.1 20.8 20.6 
-final 69.9 71 .5 74.2 
L WG (g/day) 553.3 563.0 595.6 

% 100.0 101.8 107.6 
FCR (kg DM!kg gain) 2.85 2.83 2.66 

% 100.0 99.3 93.3 
Feed costlkg gain (VND 5,270.0 5,326.0 5,038.0 
l) 0.05% Met and 0. 1% Met: diets supplemented with 0.05 and 0.1 % Methionine (as DM), respectively. 

The data in Table 4 indicate that supplementing with 0.05 or 0.1% DL-methionine in 
diets containing 45% ensiled cassava (30% ECR+ 15% ECL) increased the daily weight gain 
and reduced the feed cost. Supplementation with 0.1% methionine in the diet of these pigs 
was highly economic. 
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Similar findings were also reported by Nguyen Thi Loe and Le Khac Huy (2003) who 
found that supplementation with DL-methionine at 0.2% level in ensiled cassava roots-based 
diets of F 1 (MC x L W) fattening pigs improved the 1ive weight gain, daily gain, feed 
conversion ratio and feed cost. 

3. Adoption of the Use of ECR and ECL in Pig Feed in Huong Van and Hong Ha 
Communes 

Ensiling is a convenient way of preserving the nutritional value and reducing the 
toxicity of fresh cassava roots and lea ves. In Central Vietnam, ensiling is the best method 
of preserving cassava, as the harvest of cassava roots coincides with the rainy season. The 
technique is simple, cbeap and suitable for the conditions of farmers. FPR is the best method 
to develop and transfer tecbnologies with farmers. The number of farmers that adopted the 
use of ECR and ECL in the diets of pigs increased in Hong Ha and Huong Van communes 
from 2000/01 to 2003/04, indicating the effectiveness of the farmer participatory approach in 
Central Vietnam. 

Table 5: Adoption trends of the use of ensiled cassava roots and lea ves as weU as 
cassava root meal in pig feeding diets in Hong Ha and Huong Van 
communes in Thua Thien-Hue province from 2000 to 2003. 

Number of No hh. No hh. Nohh. No hh. 
Commune - Y ear households {hh} keeEing eigs using ECR using ECL using CLM 
Hong Ha - 2000/0 1 187 66 3 1 8 o 

-2001/02 229 89 48 20 o 
-2002/03 244 86 53 28 o 
-2003/04 246 134 65 27 o 

Huong Van -2000/01 1281 1041 728 20 o 
-2001/02 1300 1171 819 40 5 
-2002/03 1302 1205 964 190 10 

CONCLUSIONS AND RECOMMENDA TI ONS 
• Ensiling cassava lea ves with either rice bran or cassava root meal at 5 or 10%, or with 

fresh grated cassava roots at levels of 20-50% (on fresh weight basis) produced good 
quality silage that could be stored for up to five months. 

• Under village conditions using 20-60% ECR in the diets (as DM) of growing pigs 
increased the live weight gain (L WG), decreased the feed conversion ratio (FCR), 
and reduced feed cost by 7.3-18.3%. 

• Using a 13-15% of DM inclusion ofECL in the pigs' rat ion containing 30% ECR (as 
DM) as replacement for sweet patato vines and partial replacement of fish meal in 
diets of growing pigs did not significantly effect the growth rate, but reduced feed 
costlkg gain by 12-26.83%. 

• Supplementation with 0.1 % methionine in diets containing 30% ECR and 15% ECL 
of growing pigs improved the performance of these pigs. 

• Ensiled cassava leaves can be used as a supplemental source for feeding pigs. 
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• The use of diets based on ensiled cassava roots (ECR) and ensiled cassava leaves 
(ECL) can bring economic benefits to farmers, cspecially those raising pigs in Central 
Vietnam. 

• Conducting FPR trials with farmers to identify the most appropriate preservation 
methods of cassava roots and leaves by ensi ling, is the best method to dcvclop and 
trans fer thcsc technologies to farmers. 
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THE FPR CASSAVA PROJECT ANO ITS IMPACT IN SOUTH VIETNAM 
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Vo Van Tuan 1and Tong Quoc An1 

ABSTRACT 
Farmer Participatory Research (FPR) in South Vietnam has been carried out since 1998 in 

collaboration with CIAT and with fmancial support from the Nippon Foundation in Japan. The main 
objective was to increase the adoption of better agronomic practiccs and improved varieties of 
cassava in farmers fields. The pilot sites for implementing the FPR methodology were as follows: 
onc village in Thong Nhat district, Dong Nai province; two villages in Dong Phu and Binh Long 
districts, Binh Phuoc province; two villages in Chau Duc district, Ba Ria-Vung Tau province; and 
onc village in Chau Thanh district. Tay Ninh province. 

Using RRA and PRA methods we first conducted a diagnostic survey. Some main limiting 
factors in cassava production were identificd, such as lack of new cassava varieties with high yield 
and high starch content, and lack of new technologies for wecd control, fcrt ilization, intercropping 
and control of soil eros ion. 

Demonstration plots and farmer ficld days were held in each pilot site for d iscussion and 
se\ection of the most promising treatments. Farmers a lso discussed how to organize, manage and 
evaluate the FPR trials in their own fields. Since then, many FPR trials have been conducted by 
farmers on their own fie lds, while new technologies were disseminated to other cassava farmers in 
the region of the pilot si tes. This research produced the following results: 

- Results of 17 erosion control trials, conducted by fam1ers in Dong Tam village, Dong 
Phu district, Binh Phuoc province, and in Suoi Rao vi llage, Chau Duc district, Ba Ria-Vung Tau 
province, indicate that planting contour hedgerows of vetiver grass or Paspalum atratum markedly 
reduced soil losses by erosion and produced high cassava yields and net income. 

- Results of 20 FPR cassava intercropping trials, conducted by farmers in An Vien, Dong 
Tam and Suoi Rao villages indicate that cassava intercropping with peanut and mungbean gave the 
highest yields and nct income. The cropping pattem of cassava intercropped with one row of peanut 
was more suitable than the cropping pattem with two rows ofpeanut between cassava rows. 

- The results of 26 cassava fertilizer trials using chemical fertil izers and bio-fertilizers 
indicate that in cassava fields the application of 80 kg N+40 P20 5+80 K20 /ha or 40 kg N+40 P20 5+ 
80 K20 + 5 t!ha manure, and the use of 1 t/ha bio-fertilizerlha gave high economic returns. 

- For controlling weeds in cassava fi elds, the results in most of the trials conducted by 
farmers showed that the application of the pre-emergence herbicidc Dual or the use of plastic to 
cover the soil could control most of the weeds and gave high economic returns. And also, it is more 
convenient than the traditional method of controling weeds by hand using a hoe. 

- 22 FPR cassava variety trials were conducted by farmers. Five varieties, i.e. KM 94, KM 
98-5, KM 140-4, KM 146 and KM 9123 have a lready been selected as the most suitablc in most of 
the pi lot si tes, as thcsc varieties gave the highest yields and economic returns. 

- The project in South Vietnam organized one training course for trainers, ten training 
courses for farmers, and held 12 field days wi th tota l participation of750 farmers. 

- From 1 999 to 2003 the project has been working with 431 households and the tota l arca of 
adoption of new technologies was 286.4 ha. Beside that, the project had a marked effect on cassava 

1 Hung Loe Agricultura! Research Center (HARC), Thong Nhat, Dong Nai, Vietnam. 
2 University of Agriculture and Forestry (UAF), Tu Duc, Ho Chi Minh city, Vietnam. 
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production in South Vietnam, wherc an cstimated 600 ha are now planted with new cassava 
varieties, use ba lanced fertilizer application and good weed contro l. 

lNTRODUCTION 
In South Vietnam, cassava (Manihot esculenta Crantz) was an importan! food crop, 

which occupied about the fifth position in tenns of area planted, after rice, maize, sweet 
pa tato and vegetables. It was mainly grown by fanners in marginal arcas, characterized by 
poor soil quality, especially in sloping areas and in tropical climates with mean monthly 
temperatures of about 26.3-28.9°C, and rainfal l ranging from 3.3 mm to 384.4 mm in a 
month (Figure 1 ). 
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Figure l. Month~v rainfa/1 and temperature distribution in South Vietnam. 
Source: Vietnam Government Statistics in 2000-2002. 

Cassava is produced throughout the country but is more importan! in southem 
Vietnam than in the north. In 2001 the total cassava planted arca was about 163 ,600 ha and 
the average yield was 11.30 t/ha (Vietnam Govemment Statistics). Recently, cassava in 
South Vietnam has become a cash crop because the region now has more than 30 starch 
factories, while it is estimated that more than 500 households are also processing cassava 
into starch and other products. 

Results of the nation-wide cassava survey conducted in 199 1-1 992 showcd that the 
majar constraints were low cassava yie lds and low economic retums in cassava production 
arcas of South Vietnam. This is due to lack of new technologies to improve soil ferti lity 
and reduce soil losses by erosion, which has resulted in serious soil degradation; and lack 
of new cassava varieties with high y ield and high starch content (Pham Van Bien el al., 
1996). 

From 1998 till 2003, Fam1er Partic ipatory Research (FPR) in South Vietnam was 
carried out in collaboration with CIA T and with financ ia( support from thc N ippon 
Foundation in Japan. In South Vietnam the FPR project was implemented by Hung Loe 
Agricultura! Research Center (HARC) and by the University of Agriculture and Forestry 
(UAF). 

The objectives of the research are to develop appropriately crop and soi1 
management practices for more sustainable cassava-based cropping systems in South 
Vietnam. 
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Therefore, the research was focused on: 
1) Developing new technologies for the sustainable production of cassava grown 

on sloping and nutrient poor soil by rcducing erosion and preventing soil degradation. 
2) Selection, introduction and dissemination of new cassava varieties with high 

yield, high starch content and adapted to the environments in South Vietnam. 

FPR METHODOLOGIES USED 
In early 1999, the project started by preselccting sorne villages in Dong Nai, Tay 

Ninh and Binh Phuoc provinces, as wcll as in Ba Ría-Vung Tau province as the pilot si tes 
for implementing thc FPR methodology. Sorne villagcs in Binh Long district of Binh 
Phuoc province and in Quang Ngai province were a lso selected as additiona l sites. 

To implemcnt the FPR methodology the following activities were carried out: 
l. Diagnostic surveys were conducted in the pilot si tes using RRA and PRA methods, in 

order to find out the problems, limiting factors and solutions. The tools uscd included 
villagc transects, bio-resources mapping, stakeho lder analysis, gender analysis, village 
mapping, crop calendars ... etc. 

2. Demonstration plots and on-farm research were established at Tay Hoa and An Vien 
villages of Dong Nai province; Hao Duoc vi llage of Tay Ni nh province and in Dong 
Xoai town ofBinh Phuoc prov ince. 

3. Fivc types of FPR trials were conducted by fanners on their own fields: 
- Eros ion control: so il eros ion control by using different types of soil and crop 

management practices. 
- Cassava intercropping: to select the cropping pattem giving the highest yields and 

cconomic retums, to enhancc soil fertility, and to reduce soil degradation. 
- Cassava weed control by herbicide application and the use ofplastic mulch: to select 

the kind of herbicide and plastic, the best time and quantity to apply for controlling 
wccds in cassava fields in the rainy season. 

- Fertilization: to determine thc bcst rates ofNPK to obtain high yields and economic 
benefits on Haplic Acrisol and Ferrasol soils. 

- Cassava varietal selection: to select new cassava varieties with high yield and high 
starch content, short duration and for multi-purpose use, and adapted to the conditions 
of farmers in South Vietnam. 

4. Farmers, technicians and extension workers received training before conducting the 
trials. Farmer ficld days werc also organized to visit the demonstration plots for 
selecting good treatments, and at harvesting time to discuss and evaluate the results of 
thc FPR trials and to identif)r the most promising treatments for the next year. 

RESULTS 
l. Erosion Control 

Based on the results of previous research on erosion control we established an 
experimcnt wi th various soil and crop management practices at Hung Loe Agricultura) 
Research Center, while two demonstration plots with 16 treatments were cstablished on 
about 8-20% slope in Tay Hoa vi llage, Thong Nhat district, Dong Nai province, and in 
Dong Xoai town, Binh Phuoc province. These plots showed various altematives for 
growing cassava on slopes, and farmers could select the most promising treatments during 
the farmers' field day at harvest. After conducting these demonstrations, 17 FPR erosion 
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contro l tria ls were conducted by farmers in Dong Tam village, Dong Phu district, Binh 
Phuoc province, and in Suoi Rao village, Chau Duc distr ict, Ba Ria-Vung Tau province 
from 2000 to 2003. The results ofthese trials, shown in Table 1, indicate that in Dong Tam 
village of Binh Phuoc province, planting cassava with hedgerows of Paspalum atratum or 
vetiver grass reduced the soil loss by erosion and gave the highest cassava y ields and net 
income. Similarly, Table 2 shows that in Suoi Rao villagc of Ba Ria-Vung Tau provi nce 
planting cassava with con tour hedgerows of vetiver grass or Paspalum atratum reduced the 
soil loss and produced high yields and net income. In both locations these two treatments 
had the highest farrners' preference. 

Table l. Average results of nine FPR erosion control trials conducted by farmers in 
Dong Tam village, Dong Phu district, Binh Phuoc province, Viet nam, in 
2000/03. 

Dry soil e assava Gross Production Net Farmers· 
loss yield income' > costs2, income preference 

Treatment (t/ha) (tlha) ('000 donglha)--- (%) 
l . eassava monoculture 34.97 19.89 6,962 3,85 1 3,111 16.7 
2. e + vetiver hedgerows 15.90 22.50 7,875 3,984 3,891 26.7 
3. e + Leucaena hedgerows 24.73 2 1.07 7,375 3,9 17 3,458 6.7 
4 . e + Cliricidia hedgerows 26.87 2 1.37 7,479 3,9 17 3,562 8.3 
5. e + Paspa/um hedgerows 15.70 23.1 7 8,109 3,984 4,125 41.7 

n Prices: cassava: 
21 Costs: urea (46"oN) 

SSP ( 17% P20s ) 

dong 290fkg fresh roots (to be harvested) 
2.300fkg 

KCI (60% K20 ) 
fertilizers (80N+ 40P20 5+ 80K~0) 
land prcparation 
planting 
wecding + cutting hedgcs 
hedgerow planting material 

1,000/kg 
2,300fkg 

942.000/ha 
900,000'ha 
300.000/ha 

l . 709.000/ha 
66,000- 127 ,000/ha 

2. lntercropping Cassava with Legume Crops 
In South Vietnam cassava is genera lly intercropped with legumes and other 

economic crops; th is is practiced in about 30-40% of the tota l area of cassava production 
(Pham Van Bien et al., 1996). 

Cassava intercropping trials with leguminous crops havc been conducted in Hung 
Loe Agricultura! Research Center s ince J 992. The results of ten years indicatc that cassava 
intercropped with peanut and cassava grown with hedgerows of Leucaena /eucocephala 
and Gliricidia sepium as alley crops gave the higher cassava root yie lds and net income. 
These cropping systems a lso retumed the highest amount of grcen man ure for improving 
soil ferti lity and reduc ing soil degradation ((Nguycn Huu Hy et al., 1995; 1998; 2000; and 
2007). 

The RRAs and PRAs conducted in the pilot s ites indicatc that the most common 
systems of cassava intercropping in South Vietnam are interplanting cassava with peanut, 
mungbean, maize and cowpea. 

Based on the results of previous research in Hung Loe Agricultura! Research 
Center and the constraints identifíced for cassava intercropp ing in farmers' fí clds by RRA, 
farmers conducted 20 intercropping tria ls in An Vien village, Thong hat district, Dong 
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Nai province; in Dong Tam village, Dong Phu district, Binh Phuoc province; and in Suoi 
Rao and Son Binh villages, Cbau Duc district, Ba Ria-Yung Tau province. 

Table 2. Average results of eight FPR erosion control trials conducted by farmers in 
Suoi Rao village, Chau Duc district, Ba Ria-Yung Tau, Vietnam, in 2000/03. 

Dry soil Cassava Maize Gross Production Net Farmers' 
loss yield yield income11 costs 11 income preference 

Treatments (t/ha) (t/ha) (t/ha) --('000 dong/ha>-=----= (%) 
l. Cassava monoculture 64.89 41 .82 18,526 7,210 11,316 6.7 
2. C+pineapple hedgerows 15.56 37.6 1 16,66 1 7,226 9,435 5.5 
3. C+Paspa/um hedgerows 12.72 39.12 10.3 1 17,333 7,429 9,904 60.0 
4. C+vetiver hedgerows 18.97 39.24 6.90 17,383 7,309 10,074 54.4 
5. C+maize intercrop 7.96 28.64 3.82 12,687 8,435 4,252 10.7 

11 Prices: cassava: dong 443/kg fresh roots 
maize 1,000/kg dry grain 

~~ Costs: cassava fertilizers 1,143.600/ha 
maize fertilizers 556,000/ha 
cassava stakes SOO,OOO!ha 
maize seed 373,000/ha 
labor for cassava production (200 man-days) 4,426,000/ha 
labor for maize production (21.4 man-days) 533,000/ha 
labor in hedgerow planting (8 man-days) 200,000/ha 

Note: hedgerows of Paspalum atratum and vetiver grass also produced 10.31 and 6.90 t!ha of cut forages, 
respective! y. 

The results, shown in Tables 3 to 7, indicatc that in most of the pilot si tes cassava 
intercropping with grain legumes such as peanut was tbe most suitable cropping system, 
while this also gave a higher net income than other treatments. The results of intercropping 
trials conducted on grey sandy loam soil in Suoi Rao of BaRia-Yung Tau province indicate 
that intercropping cassava with maize gave the lowest net income (Tables 5 and 6). 

Intercropping trials conducted on grey podzolic soil of An Vien vi llage, Tbong 
Nbat district, Dong Nai province, showed that the planting of one row of peanut grown 
between two rows of cassava gave the highest net income as compared with cassava 
monoculturc or the inter-planting of two rows of peanut between two rows of cassava 
(Table 7). 

3. Fertilization 
Two on-farm ferti lizer trials were conducted in An Yien village, Thong Nhat 

district, Dong Nai province, and in Hao Duoc vi llage, Chau Thanh district, Tay Ninh 
province in 1999. The results of these trials gave farmers sorne ideas about the response of 
cassava to fertilizers. In both si tes the response of cassava to different levels of N, P and K 
was not clear in the first year. The application of 120 kg N, 20 P20 s and 120 K20/ha or 60 
kg N, 40 P20 5 and 120 K20/ha gave the highest cassava root yields and economic returns 
(Nguyen Huu Hy el al., 2007). 

From 2000 to 2003, 26 FPR fertilizer trials were conducted by farmers in An Vien 
village, Thong Nhat district, Dong Nai province; in Dong Tam village, Dong Phu district, 
Binh Phuoc province as well as in Suoi Rao village, Cbau Duc district, Ba Ria-Yung Tau 
province. The results of these trials, shown in Tables 8 to 12, indicate that the response of 
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cassava to fertilizers on the fanners' fields depend on thc type of soil and the rates of the 
applied fertilizer. On poor soils in An Yien village the application of 80 kg N+ 40 PzOs+ 
80 K20/ha and 40 kg N+ 40 P20 5+ 80 K20 /ha + 5 t/ha manure gave the highest yields and 
economic retums. But in the rather fertile soil in Suoi Rao village the application o f 40 kg 
N+ 40 P20 5+ 80 K20/ha with and without farm-yard manure gave the highest cassava root 
yields and net income. In most si tes the farmers' preference was higher for treatments 2 or 
3 than for treatment 1 . 

Table 3. Average results of three FPR intercropping trials conducted by farmers in 
An Vicn villagc, Thong Nhat district, Dong Nai province, Vietnam, in 
2000/01. 

Yield (t/ha) Gross Production Net 
income11 costs11 m come 

Treatments eassava lntercrop -------=<'000 dong/ha)--
eassava monoculture 
e + peanut intercrop 
e + mungbean intercrop 
e + cowpea intercrop 

30.60 
30.28 
23.89 
29.74 

8,885 3,448 
0.20 9,781 4,148 
o 6,928 3,948 
o 8,624 3,648 

1) Prices: cassava: 
peanut 

dong 290/kg !Tesh roots (to be harvested) 

21 Costs: urea ( 46% ) 
SSP ( 17% P20 ;) 
KC1 (60% K20) 
land preparation 
planting cassava 
p1anting intercrops 
weeding 
ferti1izers 
intercrop seeds 
harvesting intercrops 

4. Wccd Control 

5.000/kg dry pods 
2.300/kg 
1,000/kg 
2,000/kg 

600,000/ha 
300,000/ha 
200,000/ha 

1 ,600,000/ha 
948,000/ha 
200,000/ha 
300,000/ha 

5.437 
5,633 
2,980 
4,976 

Farmcrs' 
preference 

(%) 
60 
70 
o 

20 

Based on the results of previous rcsearch on the use of herbicides and plastic mulch 
for weed control at Hung Loe Center, and on-fann research conducted in An Vien village, 
Thong Nhat district, Dong Nai province, and in Hao Duoc vil lage, Chau Thanh district, Tay 
Ninh province in 1999, nine FPR weed control trials were conducted by farmers in An Vien, 
vi llage, Thong Nhat district, Dong Nai province. The results of these trials (Tables 13 to 
15) show that the pre-emergence herbicide Dual (metolachlor) could control most of the 
weeds in cassava fields and gave higher economic retums. This is also more convenient in 
places where there is a lack of labor. Also, weed control by using plastic mulch to cover 
the soil gave higher cassava yields and made harvesting easier even in the grey podzolic 
soil, but it markedly increased the cost of production. 

5. Cassava Varieties 
In 1999 five national cassava variety trials (NVT) were conducted in An Vien and 

Xa Doi 6 1 villages, Thong Nhat district , Dong Nai province. The results of these trials 
indicate that most of the new varieties, i.c. KM 98-5 , KM 98-1, SM 93.7-26, KM 94 and 
KM 99-4, had higher root yie1ds and starch contents than the local varieties. 
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Tablc 4. A vcragc rcsults of three FPR intercropping trials conducted by farmers in 
Dong Tam village, Dong Phu district, Binh Phuoc province, Vietnam, in 
2000/01. 

Yield (t/ ha) Gross Production Net 
income 11 costs2

l mcome 
Trcatments Cassava lntcrcrop --('000 dong/ha)--
eassava monoculturc 
e + cowpca intcrcrop 
e + peanut intercrop 
e + mungbean intercrop 
h Prices: cassava 

pcanut and cowpca 
mungbean 

~ ~ Costs: urea (46°o N) 
SSP ( 17"o P20 1) 
KCI (60% K20) 
fcrti 1 izcrs 
cowpea sccds 
peanut seeds 
mungbean seeds 
land prcparation 
planting cassava 
weeding 

30.23 
29.33 
30.22 
29.70 

dong 

planting + managing intercrops 
harvesting peanut 

o 
0.22 
o 

8,766 3,467 5,299 
8.505 4,343 4.162 
9,863 4,787 5,076 
8,613 4,367 4.246 

290/kg fresh roots (to be harvcstcd) 
5.000/kg dry pods 
6.000/kg dry pods 
2.300/kg 
1.000/kg 
2.300/kg 

967.000/ha 
376.000/ha 
320.000/ha 
400.000/ha 
600,000/ha 
300,000/ha 

1 ,600.000/ha 
500,000/ha 
500.000/ha 

Farmers' 
preference 

(%) 
60 
o 

60 
o 

Ta ble 5. Average results of two FPR intercropping trials conducted by farmers in 
Suoi Rao villagc, Chau Duc district, Ba Ria-Vung Tau, Vietnam, in 2000/01. 

Cassava S tarch lntercrop Gross Product. Net Fam1ers' 
y ield content yie ld income ll costs1) income prefcrcnce 

Trcatmcnts (t/ha) (%) (t/ha) --('000 dong/ha)-- (%) 
Cassava monoculture 35.75 31.2 13,942 6,897 7,045 15 
e + pcanut intercrop 37.93 30.8 0.616 14,793 8,705 6,088 35 
e+ mungbean intercrop 37.61 30.4 0.555 14,668 7.785 6,883 o 
e + maize interc rop 24.76 27.4 2.327 9,656 8,414 1,242 o 
11 Prices: cassava dong 390/kg fresh roots 

peanut 5.700/kg dry pods 
mungbcan 6,500/kg dry grain 
ma1ze 1 ,060/kg dry grai n 

In order to sclcct the best varicties for release, new cassava varieties werc selccted 
from these NVT trials and tested in 22 FPR trials conducted by fam1ers: 14 trials in Dong 
Tam and Minh Lap vi llages in Dong Phu and Binh Long districts, Binh Phuoc province, 
and eight trials in Suoi Rao and Son Binh villages, Chau Duc district, Ba Ria-Vung Tau 
province. The results of these trials, shown in Tables 16 to 21 , indicate that in Dong Tam 
and Minh Lap villages two varieties, i.e. KM 98-5 and KM 94, gave high yields and had 
high levels of farmcrs' preference. But in eight FPR trials in Suoi Rao and Son Binh 
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villages five varieties, i.e. KM 94, KM 98-5, KM 140-4, KM 146 and KM 9 123 gave high 
yields and had high levels of farmers' prefercnce. In genera l, s ix new varieties and KM 94 
were widely adopted in these sites. 

Table 6. Average results of three FPR intercropping trials conducted by farmers in 
Suoi Rao and Son Binb viJJages, Chau Duc district, Ba Ria-Vu ng Ta u, 
Vietnam in 2001/02. 

eassava Starch lntercrop Gross Production Net Farmers' 
yield content yie ld income 1

> costs1
> meo me preference 

Treatments {tlha~ {%} {tfha} '000 dong!ha}- {%} 
e + peanut intercrop 30.74a 27.66 1.483 25,805 10,071 15,734 48 
e + mungbean intercrop 29.8 1a 26.66 0.570 20,383 8,640 11 ,743 42 
e+ soybean intercrop 34 .54a 27.50 o 18,997 8,620 10,377 6 
e+ maize intercrop 2 1.00b 24.30 3.643 15,557 8,588 6,900 35 
eassava monoculture 3 1.88a 27.93 17,534 7, 116 10,418 29 

e v % 2.16% 
LSD 0.05 = 6.872 

Prices: cassava dong 550/kg fresh roots 
peanut 6,000/kg dry pods 
mungbean 7,000/kg dry grain 
maize 900/kg dry grain 

Table 7. Average results of nine cassa va intercropping trials con~ucted by farmers on 
Haplic Acrisol in An Vien village, Thong Nhat district, Nong Nai, Vietnam, 
in 1999/00. 

Yield (t!ha) Gross Production 
income11 costs21 

Treatments eassava lntercrop ====<'OOO dong/ha) 
eassava monoculturc 
e+ 1 row of peanut 
e+ 2 rows ofpeaut 
1 ¡ Prices: cassava 

peanut 
~> Costs: urea (46% ) 

SSP ( 17% P20 5) 

KC1 (60% K20) 

29.46 
31.47 
28.79 

0 .66 
0 .28 

dong 

dong 

fertilizer (80 N+ 40 P20 5+ 80 K20) 
labor 
intercrop sceds + managemcnt 1 row 
intercrop secds + management 2 rows 
iand preparation 
p1anting cassava 

9,604 3,282 
10 ,259 4,049 
9,386 4,280 

326/kg fresh roots 
4,660/kg dry pods 
2,200/kg 
1,000/kg 
2,266/kg 

962,000/ha 
20,000/man-day 

767,000/ha 
998,000/ha 
600,000/ha 
220,000/ha 

weeding 1.500,000/ha 

Net 
m come 

6,322 
6,2 10 
5,106 

Farmers' 
prefcrence 

(%) 
33 
53 
13 
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Table 8. Average results of three FPR fertilizer trials conducted by farmers in An 
Vien village ofThong Nhat district, Dong Nai province, Vietnam, in 2000/01. 

Cassava Gross Production Net 
yield income11 costs21 income 

Treatments (kg/ha) (t/ha) ====---( '000 dong/ha)--
l. ON+ OP"0 5+ OK20 19.66 5,701 2,500 3,201 
2. 80 + 40P2o,~ 80K20 28.37 8,227 3,448 4.779 
3. 40N+40P20 5+ 80K20 + 5 t!ha manure 31.96 9,268 3,848 5,420 
11 Prices: cassava dong 
~~ Costs: urca (46°o N) 

SSP ( 17° o P~05) 
KCI (60"'o K~O) 
fcrtilizer and labor ( T2) 

fertilizer and labor (T, ) 
land preparation 
planting 
wccding 

290/kg frcsh roots ( to be harvcstcd) 
2.300/kg 
1.000/kg 
2.300 kg 

948.000/ha 
1 .34&,000/ha 

600.000/ha 
300,000/ha 

1 ,600.000/ha 

Farmers' 
preference 

(%} 
10 
50 
40 

Table 9. Average results of six FPR fertilizer trials conducted by farmers in An Vien 
village ofThong Nhat District, Dong Nai, Vietnam from 2001 to 2003. 

Treatments (kg/ha) 
l . 120N+ 20P20 5+ 120K20 
2. 80N+ 40P20 5+ 80K20 
3. 60N+ 40P20 5+ 120K20 
11 Prices: cassava 
21 Costs: urea (46% N) 

SSP ( 17% P205) 

KCI (60% K 20) 
fcnil izer ( 1) 
fcrtilizc r (2) 
fcnilizer (3) 
land preparation 
planting 
wccding 
labor 

dong 

Cassava 
yield 
( t!ha) 
34.80 
3 1.82 
32.83 

Gross Production Net 
income 1

J costs21 income 
====---(' 000 dong/ha>----= 

12,066 3,681 8,235 
10,978 3,448 7,530 
11,326 3,500 7,826 

345/kg fresh roots (to be harvested) 
2,300/kg. 
1,000/kg. 
2,300/kg. 

1, 18 1 ,000/ha 
948,000/ha 

1 ,000,000/ha 
600.000/ha 
300.000/ha 

1 ,600.000fha 
2.500/man-day 

6. Farmcr Field Days, Seminars and Trainíng 

Farmers' 
preference 

(%} 
20 
40 
40 

• In 1999: the FPR project held one field day with 63 fanners participating, and 
organized training for 80 researchers, extension workers and farmers. 

• In 2000: The FPR project organized fivc field days with a total of 150 farmers 
participating; in addition, the FP R project, together with CIA T and VEDAN, 
organized the 61

h Regional Workshop, includ ing a one day field trip, with 80 people 
participating. 

• In 2001: The FPR project trained 140 farmers in four villages (An Vien, Dong 
Tam. Minh Lap, Suoi Rao ), and organized a fanners field da y at the time of harvest 
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in the pilot sites with 80 people participating. The project also organized one 
seminar and a farmers field day in Binh Phuoc province with 60 delegates 
participating. 

• In 2002: The FPR project trained 140 fam1ers in five villages (An Vien, M inh Lap, 
Dong Tam, Suoi Rao and Son Binh), whilc it organized a farmers fie ld day at time 
of harvest in the pilot sites with lOO people participating. A seminar and farmers 
field day were also held in Chau Duc district, Ba Ría-Vung Tau province, with 50 
delega tes partic ipating at the time of harvest. 

• In 2003: The FPR project trained 120 farmers in five villages (An Vien, Minh Lap, 
Dong Tam, Suoi Rao and Son Binh); a seminar and field day will also be held at 
time of harvest. 

Table 1 O. Average results of six FPR fertilizer trials conducted by farmers in 
Dong Tam and Minh Lap villages, Dong Phu and Binh Long districts in 
Binh Phuoc province, Vietnam, in 2000/01. 

Cassava Gross Production Net 
yield incomc11 costs11 income 

Trcatments (kg/ha) (tlha) ::::::::COOO dong/ha)--
l. ON+OP20 5+0K20 16.30 5,542 2,200 3,343 
2. 80N+40P20 5+80K20 23.55 8,00 1 3,285 4,7 16 
3. 80N+40P20 5+80K20 +5 t!ha manure 29.1 O 9,894 3,960 5,934 
11 Prices: cassava dong 290/kg fresh roots (to be harvested) 
2
l Costs: urea (46% N) dong 2,300/kg 

SSP ( 1 7% P20 5 ) 1 ,000/kg 
KCI (60% K20) 2,300/kg 
manure 1 00,000/tonne 
land preparation 400,000/ha 
planting material 1 00,000/ha 
planting 200,000/ha 
weeding 1.200,000/ha 
labor 25,000/man-day 
harvesting 500,000/ha 

Farmers' 
preference 

(%) 
15 
50 
50 
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Table 11. Average results of three FPR bio-fertilizer trials conducted in Minh Lap 
village, Binh Long district, Binh Phuoc province of Vietnam in 2002/03. 

Treatments (kglha) 
l. Bio-fertilizer ( 1.0 t/ha) 
2. Bio-fertilizer ( 1.5 t/ha) 
3. 80N+40P205+80K20 

Variety: KM 98-5 
21 Prices: cassava dong 
Jl Costs: urea (46% N) 

SSP ( 17% P205) 

KC I (60% K20) 
bio-fenilizer 
land preparation 
p\anting cassava 
weeding 
chemical feni lizers 

Cassava 
yield 
(t/ha) 

28.6 
31.5 
27.6 

Gross Production Net 
income2

l costs3> income 
--('000 donglha)-

3,450 8,580 5,130 
3,950 9,450 5,500 
3,493 8,280 4,787 

300/kg fresh roots (to be harvcsted) 
2.300/kg 
1,100/kg 
2,300/kg 
1 ,000/kg 

600,000/ha 
300,000/ha 

1,5 50.000/ha 
1 ,043,000/ha 

Farmers' 
preference 

(%) 
40 
30 
30 

Table 12. Average results of 11 FPR fertilizer trials conducted by farmers in Suoi 
Rao and Son Binh villages, Chau Duc district, Ba Ria-Vung Tau, Vietnam, 
from 2000/01 to 2003/04. 

Treatments (kglha) 
ON+OP+OK 
80N+40Pz05+80K20 
40N+40Pz0 5+80K20 
40N+40P20 5+40K20 +5 t FYM/ha 

Cassava 
yield 
(t/ha) 
28.54 
38. 17 
39.35 
46.27 

Gross Production Net 
income'l costs2l income 
====fOOO dong/ha}-----
12,643 5,247 7,396 
16,909 6,333 10,576 
17,432 6, 136 11,296 
20,498 6,970 13,528 

Prices: cassava dong 
21 Costs: urea ( 46% N) 

SSP ( 17% P20s) 
KCI (60% K20) 
FYM 

443/kg fresh roots 
2,267/kg 

fertilizer appl ication 

1,100/kg 
2,500/kg 

200/kg 
100,000/ha 

Farmers' 
preference 

(%) 
o 

15 
54 
39 
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Table 13. Effect of various weed control practices on cassava yields, economic returns 
and farmers' preference when cassava, KM 94 variety, was grown on grey 
podzolic soil of An Vien, Thong Nhat, Dong Nai (A) and Hao Duoc, Chau 
Thanh, Tay Ninh (B) in 1999/00. 

Cassava yie ld Net income Farmers' 
(tfha) ('000) preference (%) 

Weed control treatments A B A 8 A 8 
l. by hoe (3 times) 28.44 29. 13 5,354 4,222 10 30 
2. by Dual (2.4 L/ha) 31.95 29.33 6,306 4,942 70 50 
3. by Dual ( 1.5 L/ha) 25.85 28.80 4,858 4,570 20 
4. by Roundup (2 Lfha) 29.79 28.67 5,901 4,377 10 
5. by Dual (1.5 L/ha)+Roundup ( 1.5 Liba) 25.78 27.00 4 ,778 4,160 
6. by Dual ( 1.5 L/ha)+Gramoxone (2 L/ha) 28.91 26.89 5,674 4,172 10 

NS NS 

Table 14. Average results of tbree FPR weed control trials conducted by farmers in 
An Vien village ofTbong Nhat district, Dong Nai province, Vietnam, in 
2000/01. 

Weed control treatments 
l. by hoe (3 times) 
2. by Dual (2.4 L/ha) 
1) Prices: ca ssava dong 
21 Costs: urea ( 46% N) dong 

SSP ( 17% P20 5) 

KCI (60% K20) 
herbicide+ appiication 
fertiiizer 
p1anting 
1and preparation 

Cassava 
yie ld 
(t/ha) 
26.66 
29.40 

Gross Production Net 
income1

> costs2
l income 

--(' 000 dong!ha)-~ 
7,73 1 3,448 4,173 
8,526 2,728 5,798 

290/kg fresh roots . (to be harvested) 
2,300/kg 
1,000/kg 
2,000/kg 

380,000/ha 
948,000/ha 
200,000/ha 
600,000/ha 

Farmers ' 
preference 

(%) 
30 
70 
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Table 15. Average results of six FPR weed control trials conducted by farmers in 
An Vien village of Thong Nhat district, Dong N ai province, Vietnam, 
from 2000 to 2002. 

Weed control treatments 
l. by hand (3 times) 
2. by Dual (2.4 L/ha) 
3. by plastic mulch 
!) Prices: cassava 
2) Costs: urea ( 46% N) 

SSP ( 17% P205) 

KC1 (60% K20) 
herbicide+app1ication 
ferti1izer 
p1astic mu1ch 
p1anting 
1and preparation 

Cassava 
root yield 

(tlha) 
32.39 
27.95 
39.44 
dong 

Gross Production l Net 
income2

l costs11 income 
~·ooo dong/ha}-

11,175 3,488 7,727 
9,643 2,368 7,275 

13,607 6,848 6,759 
345/kg fresh roots (to be harvested) 

2,300/kg 
1,000/kg 
2,300/kg 

380,000/ha 
948,000/ha 

4,850,000/ha 
200,000/ha 
600,000/ha 

Farmers' 
preference 

(%) 
50 
30 
20 

Table 16. Average results of three FPR cassava variety trials conducted by farmers 
in Dong Tam village of Dong Phu district, Binh Phuoc province, Vietnam 
in 2000/01. 

Varieties 
l. KM 98-5 
2. KM 98-1 
3. KM 99-4 
4. SM 937-26 
5. KM 94 
¡¡ Prices: cassa va 
21 Costs: urea (46% N) 

SSP ( 17% P20s ) 
KC1 (60% K20) 
land preparation 
planting 
weeding 
fertilizers 

Cassava 
root yield 

(tlha) 

Gross Production Net 
income1

l costs2
l income 

~·ooo dong/ha)--
39.7 
33.7 
24.3 
32.4 
32.8 

11 ,5 13 3,467 8,046 
9,773 3,467 6,306 
7,047 3,467 3,580 
9,396 3,467 5,929 
9,5 12 3,467 6,045 

dong 290/kg fresh roots (to be harvestcd) 
2,300/kg 
1,000/kg 
2,300!kg 

600,000/ha 
300,000/ha 

1 ,500,000/ha 
1,067,000/ha 

Farmers' 
preference 

(%) 
50 
20 
o 

10 
50 



!53 

Table 17. Average results or three cassava variety trials conducted by farmers in Dong 
Tam village, Dong Phu district, Binh Phuoc province, Vietnam, in 2001102. 

Cassava 
root yield 

Varieties {tlha) 
KM 98-1 29.5 
KM 98-5 28. 1 
SM 937-26 27.1 
KM94 24.2 

Prices: cassava dong 
21 Costs: fertilizers (!10 N+40 P205+ 80 K20) 

land prcparation 
planting 
weeding 

Gross Production Net 
income 11 costs21 m come 

--{'000 don~ha)--
JI ,2JO 3,293 
10,678 3,293 
J0,298 3,293 
9,196 3,293 

380/kg fresh root 
1 ,043.000/ha 
600,000/ha 
200,000/ha 

1,450,000/ha 

7,917 
7,385 
7,005 
5,903 

Fanners' 
preference 

{%) 
10 
40 
JO 
30 

Table 18. Average results of five FPR cassava variety trials conducted in Dong Tam 
village, Dong Phu district of Binh Phuoc province, Vietnam, in 2002/03. 

Cassava Starch Gross Production Net 
root yield content income 11 costs2

) income 
Varieties {tlha) (%) - - {'000 dong/ha)- -
l. KM 98-1 20.70 27.5 6,200 3,493 2,707 
2. KM 98-5 23.00 30.0 6,900 3,493 3,470 
3. SM 937-26 16.00 28.5 4 ,800 3,493 1,370 
4. KM 94 21.70 29.5 6,510 3,493 3,0J7 
1 ¡ Prices: cassava dong 300/kg fresh roots (to be haravested) 

2,300/kg 21 Costs: urea (46% N) 
SSP ( 17% P20 s) 
KCL (60% K20) 
fe1tilizers (80N+40P20s+ 80K20) 
land preparation 
planting 
wecding 

1 '100/kg 
2.300/kg 

1.043,000/ha 
600,000/ha 
250,000/ha 

1 ,600,000/ha 

Fanners' 
preference 

(%) 
JO 
50 

70 

Table 19. Average results of three FPR cassava variety trails conducted by farmers 
in Minh Lap viiJage, Binh Long district, Binh Phuoc province, Vietnam, 
in 2001102. 

Cassava Gross Production Net Fanners' 
root yield income1l costs2

l in come preference 
Varieties (tlha) e 000 dong/ha' {%) 
KM98-l 26.40 10,296 3,093 7,023 20 
KM98-5 29.60 11 ,544 3.093 8,45 1 40 
SM937-26 24.80 9,672 3,093 6,579 10 
KM94(C) 23.30 9,087 3,093 5,994 30 
Prices: cassava dong 390/kg fresh roots 

21 Costs: urea (46% N) 2.300/kg 
SSP ( 17% P20 s) 1 ,100/kg planting dong 200,000/ha 
KCL (60% K20) 2,300/kg weeding 1,350.000/ha 
land preparation 500,000/ha ferti lizers (80N+40P20 5+80K¡O) 1 ,043.000/ha 
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Table 20. Average results of two FPR variety trials conducted by farmers in Suoi 
Rao village, Chau Duc district, Ba Ria-Vung Tau province, Vietnam, in 
2000/0l. 

Cassava Fanners' 
root y ie ld preference 

Varieties (t/ha) (%) 
l. HL 20 42.46 o 
2. SM 937-26 38.77 o 
3. KM 94 57.57 !00 
4 . KM 98-1 42.34 71 
5. KM 98-5 48.65 7 1 
6. KM 99-2 55 .78 o 
7. KM 99-4 47.89 o 

Table 21. Average results of three FPR variety trials conducted by farmers in Suoi 
Rao and Son Binh villages, Chau Duc district, Ba Ria-Vung Tau province, 
Vietnam, in 2001/02. 

Cassava 
root yield 

Varieties (t/ha) 
1 KM l l ll-1 27.3 7 be 
2. KM 108-2 28. 10 b 
3. KM 140-2 33 .47 ab 
4. KM 94 35.88 a 
5. KM 98- 1 29.85 ab 
6. KM 98-5 30.57 ab 
7. KM 104-4 33.23 ab 
8. KM 140-4 34.79 a 
9. Local variety 19.96 e 

cv (%) 14.86 
LSD 0.05 7.8 15 

7. Dissemination of New Technologies 

Starch 
content 

(%) 
26. 15 
26.40 
27.05 
27.60 
26.50 
27. 16 
26.08 
27.06 
23.76 

Farmers' 
preferenee 

(%) 

51 

23 

51 

From 1999 to 2003, the project was working together with 43 1 households in South 
Vietnam and released five types of new technologies; these were adopted in the FPR pilot 
sites in a total area of 296.4 ha (Table 23). Among the new technologies, new cassava 
varieties with high yield and starch content were adopted in most of the sites. Beside that, 
the project had a significant effect on cassava production in South Vietnam, where the new 
technologies on soil erosion control, intercropping cassava with legumes, chemical 
fertilizer application, chemical weed control and new varieties were adopted in an 
estimated 600 ha. 
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Table 22. Average results of three FPR variety trials conducted by farmers in Suoi 
Rao and Son Binh villages, Chau Duc district, Ba Ria-Vuog Tau province, 
Vietnam, in 2002/03. 

Cassava Starch Gross Production 
root yield content income1

l costs2l 

Varieties (t/ha) (%) ('000 dong/ha) 
l. SM 937-26 40.90 abe 26.8 19,632 8,240 
2. KM 163 38.30 abe 27.4 18,384 7,980 
3. KM 98-5 33.40 e 27. 1 16,032 7,490 
4. KM 140 37.00 be 28. 1 17,760 7,850 
S. KM 146 52. 10 a 25 .4 25,008 9,360 
6. K M 9 123 49.60 ab 28.0 23,808 9, 11 0 
7. KM 94 3 1.80 e 29.5 15,264 7,330 

cv (%) 14.94 
¡¡ Prices: cassava dong 480/kg fresh roots 
~1 Costs: urea (45% N) 2,500/kg 

SSP ( 17% P20 s) 1,100/kg 
KCI (60% K20) 2,500fkg 

LESSONS LEARNED FROM THE FPR PROJECT 

Net 
m come 

11 ,392 
10,404 
8,542 
9,910 

15,648 
14,698 
7,934 

Farmers' 
preference 

(%) 
20 

40 
40 

l . To conduct fanner participatory research it is important to select the right villages (pilol 
sites) where the main cropping system is based on cassava, and where the net income of 
most of the households in the village come mainly from cassava production. 

2. To work with farmers, to encourage lhem to test various technologies and select those 
that are most suitable for their own conditions; this will enhance adoption and increase 
their cassava yields. 

3. To achieve the adoption of new technologies requires that researchers, extension 
workers, local govemment officials, traders and farmers work together to strengthen the 
project. 

4. By working together, researchers and farmers leam from each other, and also leam by 
themselves. 

Table 23. Adoption of new tecbnologies in cassava-based cropping systems in FPR 
pilot sites in South Vietnam (2000-2004). 

Number of Are a 
Technologies households (ha) 
l . New varieties 302 2 19.5 
2. lntercropping 25 10. 1 
3. Erosion control 52 33.7 
4. Fertil izers 30 24.2 
5. Weed control 22 8.9 

Total 431 296.4 
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INTEGRATION OF NORTHERN UPLAND PROGRAM WITH FARMER 
PARTICIPATORY RESEARCH FOR SUSTAINABLE CASSAVA PRODUCTION 

IN NORTH VIETNAM 

L.Q. Doanh, T. T. O. Loan, T.N. Ngoan, H. D. Tuan, N. V. Hung, D.H. Chien, H. V Tat, 
L. Q. Thanh and D. Q. Minh 

GENERALINTRODUCTION 

• Dramatic progress in cassava production in Vietnam since establishment of 
cooperation with CIA T and participation in Asían Cassava Project in 1988 

• Technology transfer became effective only after starting to work with different 
programs and stakeholders (scientists-farmers-processors-government officials). 

• Cooperation between National Science and Technology Program for Northern 
Mountainous Region (NSTPNMR), Farmer Participatory Research (FPR) for 
cassava (FPR) of CIA T, V ASI scientists, Vietnam Cassava Program, different 
provincial departments of Y en Bai and other provinces, farmers and processing 
factories has brought about note-worthy results. 

RESULTS 
• 

• 

Integration of in-country cassava research programs with the CIA T FPR project in 
1999-2003: Promotion and application of sustainable technologies for cassava 
production, preventing soil erosion, improving soil fertility and increasing farmers' 
income. 
Farmers' groups were established to participate in Cassava R & D 

Tecbno1ogies applied: 
• lncorporation of contour hedgerows (Tephrosia candida, vetiver grass, Paspalum 

atratum, pineapple .... ) for erosion control 
• Cassava-peanut intercropping 
• Development ofnew cassava varieties: KM 94, KM 60, KM 98-7, etc. 
• Silage making from cassava leaves and roots for pig feeding 

Effects of applied tecbnologies on soil erosion and cassava yield in Ha Tay province 
• Soil loss reduced 90% 
• 
• 

• 
• 

Yields increased in all treatments up to 22% 
The most effective was the combination of cassava and groundnut (the income 
increased by 50 to 100%) 
KM 94 and KM 60 gave highest yields 
Other promising varieties were KM 98-7, KM 95-3, KM 21-10, KM 21-12 . 

Lessons Iearned from multi-lateral cooperation 
• Cooperation between scientists, producers, processors and government officials can 

promote cassava production very fast (from self-supply to commercia1 production); 
the yield may increase by 1 00% or more; the production area of new varieties 
increased many-fold ; farmers' income from cassava production also increased. 
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lntegration of national programs with international projects is very effective in 
scaling up cassava production in more sustainable ways by applying diversified 
techniques and making most use of the know-how and resources of all partners 
Multi-lateral cooperation provides conditions for multi-location testing, which is a 
very useful too! in technology transfer. 

Problems remained 
• 

• 

Cassava starch processing factories seem not to have a long-term and integrated 
plan in terms of raw material supply, so there is no plan to invest in the application 
of more sustainable technologies for cassava, and the links between processors and 
scientists are still weak 
Cassava producers (farmers) benefit a little, but most ofthe added value is obtained 
from the processed commodity 

• The cassava starch price is not stable in intemational markets; that reduces the 
processor' s willingness to sign contracts with farmers, and the farmers hesitate to 
invest in cassava production 

• Govemment officials should pay more attention to support cassava producers; for 
example, by taking necessary measures to reduce risks and to harmonize cassava 
production so as to keep demand and supply in balance. 

Conclusions and suggestions 
• Sustainable technologies for cassava production (high yielding varieties, balanced 

ferti lization, intercropping, erosion control, etc.) have brought about economic and 
environmental benefits, and should be promoted 

• Integration of national programs with international projects can mobilize more 
know-how and resources of all partners, hence providing more opportunities for 
rapid progress and greater success 

• Participation of four groups (scientists, farmers, processors and governrnent 
officials) proved to be very effective, and their cooperation should be further 
promoted 

• lt is requested that the government pay more attention to helping salve the 
remaining constraints to promote sustainable cassava production in Vietnam. 

Table l. Effects of hedgerows on soil erosion and cassava yield in Ha Tay. 

Yield Dry soil Percent of Farmers ' 
Treatment {tfha) loss (t/ha) control ~reference {%) 

Cassava without hedgerows (control) 22.2 51.0 100.0 o 
Cassava + vetiver grass hedgerows 23.3 3.5 6.9 60 
Cassava + Tephrosia candida hedgerows 28.0 2. 1 4.1 42 
Cassava + Paspalum atratum hedgerows 23.7 2.0 3.9 38 

Cassava + I>ineaE!:!le hedgerows 23.3 2 1.0 41.2 35 
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Table 2. lncome from different cassava intercroppjng combinations. 

Cassava lntercrops Gross Net Fanners' 
yie ld yield m come meo me preference 

Province Treatment (t/ha) (tlha) ---{ 'OOOVND/ha )- (%) 
Ha Tay Cassava monoculture 29.46 8.84 8.84 o 

Cassava + 1 row of peanut 22.37 0.98 11 .59 11.1 o o 
Cassava + 2 rows of peanut 3 1.96 2. 13 20.2 1 19.24 100 
Cassava + mungbean 33.45 0.40 9.62 9.42 o 

Tuyen Quang Cassava monoculture 23.60 11.86 10.38 11 
Cassava + maize 26.30 1.08 14.77 12.14 o 
Cassava + peanut 29.10 0.76 18.35 15.62 50 

Table 3. Yield (t/ha) of different cassava varieties in four provinces of north Vietnam. 

Tu yen Thai Rel. yie ld 
Varie!:}: Ha Ta~ Yen Bai Quang Ngu~en Average {%) 
Vinh Phu (control) 22.0 15.0 20.2 14.0 17.8 100 
HL23 15.3 24.4 14.0 17.9 10 1 
KM 111-1 23.0 21.7 22.5 22.0 22.3 125 
KM 104-4 26. 1 17.8 26.2 27.0 24.3 136 
KM 21- 10 27.2 21.8 22.5 3 1.0 25.6 144 
KM 95-3 26.2 26.2 147 
KM 140-2 29.2 24.3 25.7 27.0 26.6 149 
KM 98-7 29.7 22. 7 28.8 31.0 28.1 158 
KM94 33.0 26.8 26.6 29.0 28.8 162 
KM 21- 12 3 1.9 27.6 28.3 25.0 30.7 172 

Table 4. Results of cassava-peanut intercropping in Van Yen district of Yen Bai 
province in 2001. 

Cassava Peanut Gross Production Net Farmers' 
yie1d yield in come costs income preference 

Treatments (tlha} (t/ha) {'000 VND/ha' (%) 
Cassava monoculture 4 1.5 12,450 4,162 8,288 
Cassava + 1 row of peanut 39.2 0.97 16,610 6,567 10,043 30 
Cassava + 2 rows of peanut 38.5 1.66 19,850 7,587 12,263 
Cassava + 1 row of peanut 39.6 0.89 16,330 6,567 9,763 70 
Cassava + 2 rows of peanut 39.0 1.53 19,350 7,587 11,763 
Cassava + 1 row of peanut 40.8 0.69 15,690 6,567 9,123 o 
Cassava + 2 rows of peanut 40.0 0.96 16,800 7,587 9,2 13 
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Table 5. Results of cassava intercropping in Yen Bai province. 

Yield (tfha) 

Cassava 

Commune Area (ha) Peanut KM60 KM94 
DongAn 2.0 1.33 36.6 
An Binh 2.0 1.25 33.3 36.0 
Mau Dong 2.0 1.38 50.0 47.0 

Average 2.0 1.32 40.0 41.2 

Table 6. Results of cassava intercropping in some provinces of north Vietnam. 

Province 
Yen Bai 
Son La 
Ha Tay 
Hoa Binh 

Are a 
(ha) 
55 

7 
20 
10 

Peanut 
1.0-2.0 
1.5- 1. 7 
1.5-2.5 
0.5-1 .5 

Yield (tlha) 

Cassava 
-30-40 
40-50 
25-35 
30-40 

Table7. Scaling up (ha) of new cassava varieties in northern provinces of Vietnam. 

Year 
2001 
2002 
2003 

Yen Bai 
20 

1,050 
4,000 

Thanh Hoa 
0.5 

1,000 
3,500 

Hoa Binh 
0.2 
0.5 

750 

Ha Tay 
100 
200 
400 

Bac Kan 
o 
o 

500 
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RESULTS, ACHIEVEMENTS ANO IMPACT OF THE NIPPON FOUNDA TION 
CASSA V A PROJECT1 

Reinhardt H. Howe!e/ 

ABSTRACTS 
During the 5-year second phase of the project, farmers in 99 pilot si tes in the three countries 

conducted a total of 1, 154 FPR trials, mostly testing new varieties, eros ion control measures, 
fertilization, intercropping, weed control, plant spacing and pig feeding. 

From the FPR variety trials farmers selected the most suitable variety for their particular 
location. The most commonly adopted variety in both Thailand and Vietnam was KU-50, in 
Vietnam called KM 94. Sorne other improved varieties were also selected because of better 
adaptation to specific local soil or climatic conditions, or for different end uses, such as eating 
varieties versus industrial varieties. 

With respect to erosion control measures, farmers in Thailand overwhelmingly selected the 
planting of vetiver grass contour hedgerows, while in Vietnam farmers often selected vetiver grass 
as the most effective measure, but adopted the planting of Tephrosia candida. Paspalum atratum or 
pineapple, because these were easier to plant and had secondary uses. About 30% of farmers also 
adopted contour ridging, which can be quite good for erosion control (if slopes are not too steep) and 
may also increase yields or facilitate planting and harvesting. 

From FPR fertilizer trials farmers realized the beneficia! effect of applying modest amounts 
of animal manure (5-10 t/ha) in combination with chemical fertilizers high in N and K, such as 80N-
80K20 or 80N-40P20 5-80K20. In Thailand where farmers use mostly compound fertilizers, there 
was a shift away from 15-15-15 to fertilizers like 15-7-18, if and when those were available on the 
local market. 

Cassava farmers in Thailand also became interested in trying out different green manures 
and different ways ofmanaging these within their cassava cropping system, either by planting before 
cassava and incorporating the green manure into the soil before planting cassava, or planting cassava 
first, interplanting the green manure between cassava rows and pulling up and mulching the green 
manure after 1 \4-2 months. These practices have sofar been adopted in only a few places. 

By the end of the project in late 2003, farmers in 24 villages in Thailand had planted a total 
of 145 km ofvetiver grass hedgerows, practically al! had adopted one or more ofthe recommended 
new varieties, about 80- 100% were using chemica1 ferti1izers, but almost none had adopted 
intercropping, mainly beca use of limitations of labor and frequent crop failures of intercrops. 

In Vietnam the number of households adopting various new technology components 
increased year by year, reaching a total of 15,000-20,000 households in or near 15 of the o1der pi lot 
sites. New varieties were adopted by the greatest number of households and over the largest area, 
covering at 1east 7,000 ha in or near those pilot si tes. A nation-wide survey indicated that new 
varieties were being planted in about 92,500 ha corresponding to 35-40% of the tota l cassava area in 
2002. Better fertilization and erosion control measures had been adopted in about 600 ha each, 
while intercropping was practiced by many farmers but covering only a total of 160 ha. In the pi1ot 
sites ofthree districts ofHue province over one thousand households had raised about 3,370 pigs fed 
with si1age of cassava roots and leaves. The increase in cassava yield and additional pig meat 
resulting from the adoption of these new technologies was valued at 2.2 million US dollars per year 
in those 15 pilot sites. 

1 This paper is a modified and shortened version of part of the End-of-Project Report submitted to 
the Nippon Foundation in April 2004. 

2 C IA T Cassava Office for Asia, Department of Agriculture, Chatuchak, Bangkok, 10900 Thailand. 
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In China farmers tested mainly new varieties. Out of many prom1smg breeding lines 
farmers in one vi llage in Hainan selected two lines and these were later re1eased as recommended 
variet ies under the names of SC 5 and SC 6. Once released these two varieties spread rapidly and 
now cover about l ,300 ha in Hainan. In the majar cassava growing province of Guangxi, two 
recently released variet ies, GR 911 and GR 891, as well as two o\dcr ones, SC 124 and Nanzhi 199, 
are now planted in about 16,000 ha. lt is estimated that in all of China new varieties are now planted 
in o ver 30,000 ha covering about 8% of the total cassava area. Soil conserva !ion practices ha ve been 
tested extensively in FPR tria ls in Hainan, but have been adopted in only very small areas. 
lnterestingly, many farmers, especially in sorne areas of Guangxi, are now planting cassava on 
plastic mulch, whích not only increases yields and income but also seems cffective in reducing 
erosion. This nccds further research. 

In arder to estímate the economic benefit of all cassava research and extension activities 
(not only of this project) in China, Thailand and Vietnam, we can look at the overall effect of the 
adoption of new varieties and production practiccs on yield. According to FAO data, cassava yields 
in China over the past ten years increased 0.79 t/ha with an approximate value of 5.4 million US 
do llars; in Thailand yields increased 5.49 t/ha (40%) with a total value of 123 million US dollars; 
while in Vietnam yields increased 5.84 tlha (69%) resulting in an additional income for cassava 
farmers in the country valued at 54.3 million US dollars per year. For a ll of Asia yields increased 
3.68 t/ha (28%), resulting in additional income for cassava farmers valued at 318 million US dollars 
per year. By far the greatest yield increases occurred in Thailand and Vietnam where the project 
was most actively involved. Although it is impossible to say for certain how much the Nippon 
Foundation project has contributed to these yield increases, there is no doubt that the direct 
involvement of severa] thousand farmers in testing, selecting and adopting Iocally-su itable varieties 
and practices, and their participation in field days and training courses have made a significan! 
contribution. 

Thc lmpact Assessment conducted at the end of 2003 concluded that new varieties would 
probably have been disseminated equally well without the partic ipatory approach, and that fertilizer 
adoption is highly dependen! on each farmer' s purchasing power. The adoption of more balanced 
fertilization, of soi l conscrvation practices and intercropping, whilc notas widespread as that of new 
varieties, was significantly higher for those farmers that had participated in the project as compared 
to non-participants. The use of a fam1er participatory approach as a novel new way of deve loping 
and disseminating new technologies together with farmers, was enthusiastically embraced by those 
participating directly in the project; this may eventually become more accepted as a useful approach 
in mainstream national programs with hopefully a long-lasting and positive effect. The working 
together of researchers and extensionists from various national and intemational institutions, and the 
opportunities provided by the project to participate in national and intemational training courses, 
workshops or scientific meetings havc enriched the capacities of many individua ls, and this will 
undoubtedly lead to improved effic iency in their institutions to the benefit of poor farmers and to the 
sustainable development of their countries. 

l. RESEARCH ON NEW SOIL/CROP MANAGEMENT OPTIONS 
Farmers are inte rested in testing new techno logies only if those technologies 

promise substantial econo mic benefits over the ir traditional practices. Thus, strategic and 
applied research need to continue to produce and select s till better varie ties, better 
production practices and new uti lization options . 

Besides the continuing efforts to breed and select new high-y ielding and h igh 
starch varieties, mainly by cassava breeders in national programs with sorne input from 
C IAT headquarters in Colombia, collaborative research in the area of agronomy and soil 
management continued . 

Table 1 list the topics and institutions that were involved in this research from 
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1999 to 2003. Initially this research concentrated on integrated and long-terrn soil fertility 
maintenance through the application ofN, P and K as well as Ca, Mg and micronutrients in 
chemical fertilizers; the selection and management of green manure species; intercropping 
and alley cropping; and the combined use of animal manures and fertilizers. Other tapies 
included the identification of effective and practica! soil conservation measures and the 
seleetion of hedgerow speeies with mínimum eompetitive effeet on nearby cassava. Later 
tapies included weed control and land preparation practiees, as well as the identifieation of 
varieties and management practices to optimize the produetion of cassava leaves as a 
souree of protein for animal feeding. 

Results of this researeh ha ve been published in CIA T's Annual Reports for 1999 to 
2003 and have been presented at the 7th Regional Cassava Workshop held in Oet 2002 in 
Bangkok. The more than 70 PowerPoint presentations were copied on CDs and distributed 
to all collaborating and participating institutions. The full papers have been published as 
the Proceedings of this Workshop (Howeler, 2007). Both the PP presentations and the pdf 
file of the Workshop Proceedings are available on the web at 
www.eiat.egiar.org/asia cassava/index.htm 

Only a few examples and salient results of the strategic and applied research 
eonducted as part ofthe second phase ofthe Nippon Foundation project are presented here: 

1.1 Long-term fertility maintenance 
Long-term NPK trials were continued in four locations, one each in north and south 

Vietnam, one in Hainan island of China and one in southern Sumatra of Indonesia. Figure 
1 shows the effect of annual applications of various levels of N, P, and K on the yield and 
stareh content of two varieties during the 16th year of continuous cropping in Hung Loe 
Center in south Vietnam. It is clear that, similar to most other locations, the main yield 
response was to the application ofK, while there were minar responses to the application of 
N and P and mainly in the higher yielding variety SM 937-26. The combined application 
of 160 kg N, 80 P20 5 and 160 K20/ha increased yields from about 8 to 36 t/ha. Figure 2 
shows the absolute and relative response to application of N, P and K as well as the change 
in P and K status of the soil during the entire 16-year period. Initially there was no 
signifant response to any nutrient as the organic matter, P and K levels were still adequate 
and root yields were relatively low. With the introduction of new higher yielding varieties 
in the 4th year, the root yields increased and nutrient depletion, especially K, increased, 
leading to an ever more pronounced response to K application. Even after 16 years soil-P 
remains above the criticallevel, which explains why there was only a minor P response. 

1.2 Combined use of animal manure and chemical fertilizer 
Table 2 shows the effect of combining various rates of farm-yard (pig) manure 

(FYM) with chemical fertilizers, in this case N and K, in Thai Nguyen University in north 
Vietnam. Without manure or fertilizers the yield was only 3.25 t/ha; with the application of 
only 80 kg N and 80 KzO/ha yields increased to 15.4 7 t/ha; with a high rate of 15 tlha of 
manure it was 13.11 t/ha, while the combined application of 10 tlha of manure with N and 
K produced the highest yield of 18.70 t/ha. However, the combination producing the 
highest net income was 5 t/ha of manure with 80 kg N and 80 K20/ha. From this and other 
tria ls it is clear that farmers can increase yields and income by reducing their application of 
p1g manure as long as it is combined with adequate levels of N and K in chemical 
fertilizers. 
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Table 1. Strategic/applied research conducted as part of the Nippon Foundation Project from 
1999 to 2003/04. 

Research tapie 
l. Long-term fenility tria\ 

2. Grass barrier tria) 

3. lntercropping/alley cropping tria) 
4. Green manure/mulch tria) 

5. Erosion control tria) 

6. Weed control trial 
7. Live barrier tria\ 
8. Sweet patato intercropping tria) 
9. Variety trial 

lO. lntercropping tria! 

ll. Manure/fertilizer tria) 
12. Micronutrient application tria) 

13. Reduced tillagc tria! 

14. Varieties for forage prod. tria! 

15. J>ig feeding with cassava lcaf 
silage tria! 

16. Fenilization for forage prod. 
tri al 

17. Plant spacing for forage prod. 
tria! 

18. Cutting heightxfrequency for 
forage prod. trial 

19. Zinc application tria! 

20. V arieta\ adaptation tria\ to 
intercropping 

21. Ca/Mg application tria) 
22. Bentonite application trial 

lnstitution 
Thai Nguyen Univ. (TNU) 
lnst. Agric. Sciences ( lAS 
Chinese Acad. Trap. Agr. Sci. (CATAS) 
Central Research lnst. Food Crops (CRIFC) 
Univ. Agric. Forestry (UAFffP) 
Kasetsan University (K U) 
Chinese Acad. Trop. Agric. Sci. (CATAS) 
lnst. Agric. Sciences (\AS) 
Dept. of Agriculture (DOA) 
Kasetsan Univ. (KU} 
lnst. Agric. Sciences (lAS) 
Thai Tapioca Dev. lnst. (TTDI) 
Central Research lnst. Food Crops (CRIFC) 
Central Research lnst. Food Crops (CRIFC) 
Thai Nguyen Univ. (TNU} 
lnst. Agric. Sciences (lAS) 
Thai Nguyen University (TNU) 
Thai Nguyen University (TNU) 
Cemral Research lnst. Food Crops (CRIFC) 
Univ. Agric. Forestry (UAFffD) 
Hue Univ. Agric. Forestry (HUAF) 
Hue Univ. Agric. Forestry (HUAF) 
Univ. Agric. and Forestry (UAFITD) 
Hue Univ. Agric. Forestry (HUAF) 
Thai Nguyen Univ. (TNU) 
Central Research lnst. Food Crops (CRIFC) 
Thai Tapioca Dev. lnst. (TTDI) 
Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 
Kasetsan Univ. (KU) 
Thai Tapioca Dev. lnsl. {TIDI) 
Dept. of Agriculture (DOA) 
Thai Tapooca Dev. lnst. (TTDl) 
lnst. Agric. Sciences (lAS) 
Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 
Hue Univ. Agric Forestry (1-IUAF) 

Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 
Thai Tapioca Dev. lnst. (TTDI) 
Thai Tapioca Dev. lnst. (TTDI) 
Thai Tapioca Dev. lnst. (TTDl) 
Dept. of Agriculture (DOA) 
Central Research lnst. Food Crops (CRJFC) 

Dept. of Agriculture (DOA) 
Dept. of Agriculture (DOA) 

Location 

Thai Nguycn, Vietnam 
Hung Loe, Dongnai, Vietnam 
Danzhou, Hainan, China 
Tamanbogo, Indonesia 
Tu Duc, Vietnam 
Khaw Hin Som, Thailand 
Danzhou. Hainan. China 
Hung Loe, Dongnai, Vietnam 
Rayong. Thailand 
Khaw Hin Som, Thailand 
Hung Loe, Dongnai, Vietnam 
Huay Bong, Thailand 
Tamanbogo, Indonesia 
Y ogyakarta, 1 ndonesia 
Thai Nguyen, Vietnam 
Hung Loe, Dongnai, Vietnam 
Thai Nguyen. Vietnam 
Thai Nguyen, Vietnam 
Yogyakarta, Indonesia 
Thu Duc, Vietnam 
Hue, Vietnam 
Hong Ha, Hue, Vietnam 
Thu Duc, Vietnam 
Hue, Vietnam 
Thai Nguyen, Vietnam 
Yogyakarta, Indonesia 
1-Iuay Bong, Thailand 
Banmai Samrong. Thailand 
Ro y E t. Thai land 
Kalasin, Thailand 
Rayong. Thailand 
Khaw Hin Som, Thaiiand 
Huay Bong, Thailand 
Rayong, Thailand 
J-luay Bong, Thailand 
Hung Loe. Dong Nai, Vietnam 
Khon Kaen, Thailand 
Songklaa, Thailand 
Banmai Samrong, Thailand 
Guang Tri, Vietnam 

Rayan, Thailand 
Khon Kaen, Thailand 
Rayong. Thailand 
Khon Kaen, Thailand 
Rayong, Thailand 
Khon Kaen Thailand 
Huay Bong, Thailand 
Banmai Samrong 
Tamanbogo, Indonesia 

Kalasin, Thailand 
Kalasin, Thailand 

Years 
1999-2006 
1999-2007 
1999-2007 
1999-2007 
1999 
1999-200! 
1999-2001 
1999-2007 
1999 
2002-2006 
1999-2007 
1999 
1999-2001 
1999 
2002 
1999-2003 
1999 
1999-2001 
1999-2003 
1999 
1999 
1999 
1999 
1999 
2000-2001 
2000-2002 
2001 

2002 
2002 
2002 
2001-2003 
2001-2006 
2001-2003 
2001-2003 
2001-2003 
2001-2003 
2002-2003 
2002-2003 
2003 
2001 

2002-2003 
2002-2003 
2002-2003 
2002-2003 
2002-2003 
2002-2003 
2002-2003 
2003 
2002-2003 

2003 
2003 
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Table 2. Effect of the aptJikation of FYM t) and chemical fertilizers on cassava yield and 
economic benefit at Thai Nguyen University of Agríe. and Forestry in Thai Nguyen 
province in 2001 (2"d year). 

Cassava Height Leaf life Hl Gross Fert. Product. 
root yield at 8 at 3 income2

> costs2> costs3> 

Net 
in come 

(tJha) months months ------------(' 000 dong/ha )----------
Treatments1> {cm} {daJ::s} 
l . no fertilizers, no FYM 3.2S 87.1 46.S 0.39 1,62S o 2,800 
2. St FYM/ha 7.79 116.6 SS.2 0.49 3,89S so o 3,300 
3. lOt FYM/ha 10.02 133.9 6S.O O.S2 S,OIO 1,000 3,800 
4. 1St FYM/ha 13.11 ISI .8 66.1 O.S2 6,SSS I,SOO 4,300 
S. 80N+80K20/ha, no FYM IS.47 154.5 66.8 0.50 7,73S 680 3,S80 
6. 80N+80K20/ha + 5t FYM!ha 17.98 180.0 68.5 0.48 8,990 1,180 4,080 
7. 80N+80K20/ha + IOt FYM/ha 18.70 188.3 70.8 0.49 9,3SO 1,680 4,S80 
8. 80N+80K20/ha + 1St FYM/ha 18.50 196.6 73.1 0.48 9,2SO 2,180 5,080 
I)FYM = farm yard manure (pig manure) 
2>Prices: cassava dong 500/kg fresh roots 

urea (4S% N) 2,100/kg 
KCI (60% K20) 2,300/kg 
manure+application 1 00/kg 

J>cost of cassava cultivation: 2.8 mil. dong/ha; cost of chem. fert. application 0.1 O mil. dong/ha 

• = KM 60 • = SM937-26 
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Figure l. Effect of annual applications oj various le veis ojN, P and K on the roo/ yield and starch 

content ojtwo cassava varielies grown at Hung LocAgriculture Research Center, 

Thong Nhat, Dongnai, Vietnam in 2()()5/06 (16thyear). 
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Figure 2. Effect of annual applications of N, P and K on cassava root yield, relative yield 
(yield without the nutrient over the highest y ield with the nutrient) and the 
exchangeable K and available P (Bray 2) content ofthe soil during sixteen years 

o.f continuous cropping at Hung Loe Agríe. Research Center in Thong Nhat, 
Dongnai, Vietnam. Data are average va/ues.for two varieties. 
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1.3. Green manures and/or chemical fertilizers 
Table 3 shows the first 5-year results of a green manure experiment conducted in 

Khaw Hin Som station in Chachoengsao, Thailand. In this case a ll green manure species 
were intercropped between cassava rows and planted one month after planting cassava; 
they were pulled out and mulched two months later. Highest average yields were obtained 
when cassava was planted without green manures but ferti lized with either 75 or 25 kg/rai 
of 15-7-1 8 ferti lizers. All green manures, but especially Mucuna and Crotalaria juncea 
reduced cassava yields due to competition for light, nutrients and water. Among the 
various green manures, mungbean and Canavalia ensiformis were the least competitive 
intercrops. lt was expected that the beneficia! effect of green manures wi ll increase over 
time, but the data indicate that that was not the case. 

Table 3. Effect of green manures and/or chemical fertilizers on the root yield and 
average starch content of cassava, KU 50, when cassava was planted for five 
consecutive years at Khaw Hin Soro Research Station in Khaw Hin Soro, 
Chachoengsao, Thailand from 2002/03 to 2006/07. 

Cassava ~ i eld {tlha~ Starch 
l st 2"a 3ra 4t 5th content 

Treatments1l ;rear ;rear ;rear ;rear year Av. {%2 
l. Check without GM; 25 kglrai 15-7-1 8 46.45 26.28 32.48 36.08 18.86 32.03 24.2 
2. Crotalaria j uncea; 25 kglrai 15-7-1 8 36.58 20.83 29.26 31.19 19.03 27.38 23.7 
3. Canavalia ensiformis; 25 kglrai 15-7-1 8 40.35 27.07 31.16 29.79 19.00 29.47 24.2 
4. Pigeon pea ICPL 304; 25 kg/rai 15-7-18 38.23 24. 18 31.86 30.79 19.64 28.94 23 .6 
5. Cowpea CP 4-2-3-1 ; 25 kglrai 15-7-18 38.54 21.66 32.12 32.06 20.76 29.03 23.2 
6. Mucuna; 25 kglrai 15-7-18 36.73 21.17 28.58 32.09 16.45 27.00 24.3 
7. Mungbean; 25 kglrai 15-7-18 40.07 25.08 33.49 36.38 16.51 30.31 23.9 
8. Check without GM; 75 k~rai 15-7-1 8 43.44 32.16 37.78 34.51 27.56 35.29 24.4 

1.4 Long-term effect of contour hedgerows on yield and soilloss by erosion 
Figure 3 shows the long-terrn effect of contour hedgerows of vetiver grass and 

Tephrosia candida on relative cassava yields and soil loss as compared to the check plot 
without hedgerows; data are average values from two FPR erosion control trials conducted 
for ten consecutive years in north Vietnam. Although the results are rather variable, there 
is a clear trend that both types of hedgerows caused a 20-40% increase in cassava yields 
and reduced soil losses by erosion to 20-30% of those in the check plots without 
hedgerows. Vetiver grass was generally more effective in reducing soil losses than 
Tephrosia, firstly because the grass is more effective in filtering out suspended soil 
sediments, and secondly because Tephrosia hedgerows need to be replanted every 3-4 
years, in contrast to vetiver grass which is more or less perrnanent. While farrners claim 
that Tephrosia improves the ferti lity of the soil more so than vetiver grass, the data show 
that vetiver increased cassava yields more than Tephrosia, probably by reducing losses of 
top soil and fertilizers and improving water infiltration and soil moisture content. 
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Figure 3. Trend in relative yield and relative soilloss by eros ion when cassava was 
planted with contour hedgerows ofvetiver grass or Tephrosia candida in 
comparison with the check without hedgerows during ten consecutive years 
of cassava cropping. Data are average values oftwo FPR eros ion control 
trials conducted by farmers in Kieu Tung and Dong Rang villages in North 
Vietnamfrom /995 to 2004. 
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Figure 4 shows simi\ar results from a soil erosion control experiment conducted 
for ten consecutive years on about 15% slope at Hung Loe Center in south V ietnam. In this 
case, contour hedgerows of vetiver grass, Leucaena and Gliricidia all increased cassava 
yields as compared to the check plot without hedgerows; they also decreased soil losses by 
erosion. Leucaena and vetiver grass were the most effective in increasing yields while 
vetiver was the most effective in reducing erosion. Similar to the data from north Vietnam 
in Figure 3, the effectiveness in controll ing erosion increased over time. After the 4th year, 
the soil loss with veti ver hedgerows was only about 20-30% of that without hedgerows. 
These data corroborate those in Tables 26 and 31 bclow that hedgerows ofvetiver grass are 
among the most effective ways to control erosion; they also indicate that the effectiveness 
of all types of hedgerows in creases o ver time. 

1.5 Varieties and agronomic practices for high leaf and root production for use in 
animal feed 

Table 4 summarizes the results of variety trials for leaf production conducted in 
two of four locations in Thailand for two consecutive years. In these trials cassava stakes 
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were planted vertically at 30 x 30 cm, and young tops were cut off at 20 cm from the 
ground at about 2 Y2, 4 Y2, 6Y2, 9 and 12 months after planting (MAP), wh ile cassava roots 
were also harvested at 12 MAP. The harvested tops, inc luding leaves, petioles and green 
stems, were chopped up, sun and oven dried, weighed fresh and dry and a samp le was 
analyzed for protein content. 

Yield Soil loss 

Vetiver o • 
160 Leucaena 6. • 

_.-... 

~ 140 '-' 

G liric idia o • 
(/) 
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..... 
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. ~ 
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..::1 
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o 
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Year after planting hedgerows 

Figure 4. Trend in relative yie!d and relative soil loss by eros ion when eassava 
was p lanted with con tour hedgerows ofvetivergrass, Leucaena 
leucocepha/a or Gliricidia sepium in comparison with the check without 
hedgerows during ten conseeutive years in Hung Loe Agríe. Research 
Center in South Vietnamfrom 1997198 to 2006107. 

Table 4 shows that sorne varieties produced over 13 t/ha of dry " leaves" (this 
includes petioles and young stem) which contained over 2 t/ha of crude protein. This is 2-3 
times higher than a good crop of soybeans! E ven after four cuts of 1eaves sorne varieties 
still produced over 20 t/ha of fresh roots with more than 18% starch. Using an estimated 
(low) price of 24 bahtlkg leaf protein, it was found that the two recommended varieties, KU 
50 and Rayong 90 as well as the breeding lines CMR 41-11 1- 129 and CMR 41-42-3 
produced the highest net in comes due to the high y ie1ds of both roots and lea ves. 

Other experiments on fert ilizer ratcs, p1ant spacing, frcquency and height of cutt ing 
indicate that: 
a. highest dry leaf yields were obta ined with 600 kg N/ha combined with either 150 or 300 

kg P20 5 and 150 or 300 kg K20/ha, but that highest net income was obtained with 300 
kg N, O P20 5 and 150 K20/ha (Table 5). 

b. Highest dry leaf and protein yields werc obtained at a plant spac ing of 30 x 30 cm, but 
highest fresh root yields and net incomc were obtained at 60 x 60 cm (Table 6). 
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c. Cutting height at 15 , 20 or 25 cm above the soil had little effect on leaf yield, but cutting 
at 25 cm produced the highest root yield, starch content and net income. 

d. Cuning at 2 Yz-month intervals produced highest leaf and protein yields as well as net 
income but cutting at 3-month intervals produced highest root yields (Ta ble 7). 

Table 4. Average results of varietal evaluations for leaf production conducted in Rayong and 
Khon Kaen FCRC in Thailand in 2002/03 and 2003/04. 

Total Average Lcaf Fresh Root 
dry leaf protein protein root starch Gross Production 
yicld 11 content yield 11 yield contcnt income21 COSts31 

Yarict~/linc (t/ha) (%) (t/ha) (t/ha) (%) • '000 bahtlha 
l. Rayong 1 13.23 15.95 2. 11 15.52 11.25 63.44 58.63 
2. Rayong 5 11.16 18.7 1 2.09 17.72 18.05 67. 12 56.72 
3. Rayong 60 9.60 18.33 1.76 18. 10 12.51 57.63 55.07 
4 . Rayong 90 11.27 18.46 2.08 23.70 19.74 73.50 57.86 
5. Rayong 72 11.22 18.22 2.05 24.32 18. 10 72.47 57.92 
6. KU 50 13.42 16.90 2.27 20.54 20.49 75.16 59.69 
7. OMR41-23-41 12.5 1 17.55 2.20 15.78 15.82 67.14 57.88 
8. CMR 41-42-3 12.45 18.76 2.34 18.54 19.87 74.53 58.28 
9. CMR 41-60-24 11.64 19.62 2.28 16.85 19.38 71.42 57.10 

10. CMR 41 -6 1-59 13.70 17.05 2.34 18.81 12.54 72.04 59.70 
1 l. CM R 41 -1 1 1-1 29 13.46 17.72 2.39 20.46 16.81 76.39 59.72 
12. CMR 41-114-125 10.67 17.60 1.88 13.95 17.31 58.26 55.54 
13. CMR 35-22-196 11 .29 18.50 2.09 17.82 22.02 68.64 56.88 
14. CMR4 1-20-58 11.96 17.65 2.11 10.93 19.40 61.44 56.45 
15. CMR4 1-96-2 10.7 1 16.44 1.76 11 .20 14.80 52.28 55.12 
16. OMR41-33-34 13. 19 16.11 2. 13 12.23 16.36 62.33 58.02 
17. CM R42-0 I-2 12. 19 16.35 1.99 12.25 16.85 59.30 56.92 
18. CMR 42-07-9 13.09 16.65 2. 18 12.62 13.01 63.18 57.98 
19. CMR 42-54-53 10.82 17.93 1.94 14.78 18.34 60.85 55.86 
20. CMR 42-59-173 11.72 18. 19 2. 13 6.99 15.40 57.52 55.52 
21. CMR 42-61-108 11 .09 18. 19 2.02 8.37 15.01 55.95 55.06 
22. CMR 42-87-3 18 11 .50 15.91 1.83 14.44 12.97 56.33 56.54 
23. CMR42-90-338 12.82 15.71 2.02 11 .86 19.24 60.03 57.56 
24. Huay Bong 60 12.06 17.77 2.14 21.56 18.55 72.35 58.36 

Avera&e 
11 Su m of 4-5 cuts 

11.95 17.51 2.09 15.80 16.82 64.97 57.27 

~ 1 Prices: cassava roots: 1.2 baht/kg at 30% starch with a 0.02 baht reduction per 1% starch reduction 
cassava leaves: 24 baht/kg crude protein 

31 Costs: 15-15- 15 fert ilizers baht 520/50 kg 

urca 430/50 kg 
3 applications of80 kg/rai of 15-15- 15 2,496/rai 
2 applications of 35 kg/rai of urea 602/rai 

land preparation 330/rai 
fertili¿cr application 200/rai 
stakcs (0.09 baht!stake) 1 ,600/rai 
planting (0.045 bahtlstake) 800/rai 
wecding 600/rai 
harvcsting + chopping + drying leaves 1,1 00/t dry le aves 
harvest + transport roots 170/t fresh roots 

Note: 1 ha = 6.25 rai: 1 US$ is 40 baht in 2003. 

Net 
m come 

4.82 
10.40 
2.56 

15.64 
14.55 
15.47 
9.26 

16.25 
14.32 
12.34 
16.67 
2.72 

11.76 
4.99 

-2.84 
4.31 
2.37 
5.19 
5.00 
2.00 
0.89 

-0.22 
2.48 

13.99 

7.71 
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Table 5. Effect of the application of different combinations of N, P and K on the average total 
dry leaf and protein yields, fresh root yield and net in come obtained in two 
experiments conducted at Rayong and Khon Kaen Field Crops Research Centers in 
Thailand in 2002/03. 

Total dry Total Fresh Root 
leaf protein root starch Net Total nutrients in harvested leaves~l 

yield2) yield21 yield31 content meo me kg/ha) 
Treatments1

¡ {tlha} (t/ha) {t/ha} (%} ('OOOB/ha) N p K Ca Mg 
l . NoPo~ 4.72 0.83 13.52 22.4 5.65 132 20 56 61 2 1 
2. N0P2K2 5. 19 0.87 15. 17 21.2 -3.96 139 22 77 68 23 
3. N,P2K2 6.88 1.17 16.73 19.6 -0.78 187 25 88 86 30 
4. N2P2K2 10.03 1.67 24.00 17.9 10.00 267 33 125 121 40 
5. N3P2K2 12.03 2.18 22.55 17.2 12.71 349 36 145 142 46 
6. N2PoK2 9.65 1.65 21.25 17.6 15.47 265 31 123 117 38 
7. N2P1K2 9.8 1 1.58 22.76 18.4 11.24 253 30 121 118 39 
8. N2P3K2 10.53 1.79 22.42 18.0 3.30 287 34 132 128 42 
9. N2P2~ 8.48 1.50 18.65 18.0 5 .65 239 31 79 103 37 

10. N 2P2K1 9.70 1.61 22.88 19.4 9.80 258 32 109 116 40 
11. N2P2K3 9.47 1.55 20. 16 16.9 2.1 1 248 30 14 1 116 37 
12. N3P3K3 12.29 2.20 21.78 14.2 0.98 352 37 190 145 41 

Average 9.06 1.55 20.15 18.4 6.01 
11 N0 = O N Po= O P Ko = OK 

N1 = 150 kg Nlha ?1 = 75 kg P20 slha K1 = 75 kg K201ha 
N2 = 300 kg Nlha P2 = 150 kg P20 5/ha K2 = 150 kg K201ha 
N3 = 600 kg Nlha P3 = 300 kg P20 5/ha K3 = 300 kg K201ha 

21 sum of five cuts 
31 at 12 MAP 
41 data are average values for two varieties in Rayong and Khon Kacn FCRC 

2. WORKING WITH FARMERS 

2.1 Results of FPR Trials 
Tables 8 and 9 show the number and types of FPR tria ls conducted in 2003/04 in 

the various pilot sites in Thailand and Vietnam, respectively , while Table 10 summarizes 
the same data for China, Thailand and Vietnam for the en tire second phase of the project. 
In China, especially in the final two years, the emphasis was mainly on testing and 
disseminating new cassava varieties in Hainan and Guangxi, and on pig feeding in Yunnan. 
In both Thailand and Vietnam the initial cmphasis was on tcsting new varieties, erosion 
control practices and fertilization, but in later years farmers a lso wanted to test animal and 
green manures (mainly in Thailand), intercropping (mainly in Vietnam), weed control, 
plant spacing, leaf production and pig feeding ( on ly in Vietnam). The number of FPR trials 
increased markedly during the first four years, but decreased again in the 51

h year, 
especially in China due to the outbreak of SARS. Over the course of fi ve years about 1,150 
FPR trials were conducted in farmers' ficlds, including 200 crosion control trials. This has 
made many farmers acute ly aware of the scriousness of soil erosion on their own fields; 
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they also saw how it can be prevented and this has led to widespread adoption of soil 
conservation measures in cassava fields (see Section 4 below). Although not all trials 
produced useful results, from this large number oftrials, conducted under so many different 
conditions of slope, rainfall, soil typc and cropping practices, a wealth of data was obtained 
that can illucidate the relative effectiveness of various practices in controlling erosion as 
well as their effect on yield (see Tables 26 and 31 below). 

Table 6. Average effect of plant spacing of three cassava varieties on total dry leaf and protein 
yields, fresh root yield and net income obtained in two experiments conducted in 
Rayong and Khon Kaen Field Crops Research Centers in Thailand in 2002/03 and 
2003/04. 

Total dry lcaf Average protein Total protcin Fresh root Starch Net 
Plant spacing yield content yield yield content income 
(cm) (t/ha) (%) (t/ha) (t/ha) (%) ('0008/ha) 

60x60 8.74 20.33 1.77 2 1.60 17.01 19.39 
50x50 7.86 20.00 1.57 19.87 16.92 12.45 
40x40 8.75 19.30 1.69 19.81 16.89 11 .28 
30x30 10.90 18.55 2.02 16.97 15.91 7.83 

Average 9.06 19.54 1.76 19.56 16.68 12.74 

Table 7. Average effect of cutting frequency of Rayong 72 on the total dry leaf and protein 
yields, fresh root yield and net income obtained in two experiments conducted in 
Rayong and Khon Kaen Field Crops Research Centers in T hailand in 2002/03 and 
2003/04. Data are averaged over three cutting heights of 15, 20 and 25 cm above the 
ground. 

Cutting Total dry Average Total protcin Fresh root Starch Net 
frequency 1 

> leafyield protein content yield yield content m come 
(months) (t/ha) (%) (t/ha) (tlha) (%) ('0008/ha) 

1 Y2 months 9.06 19.50 1.77 16.45 14.58 2.87 
2 months 9.99 17.64 1.76 20.54 15.06 5.13 
212 months 11.52 17.56 2.02 24.35 15.30 18.49 
3 months 10.59 16.71 1.77 27.68 16.52 16.89 

AveraGe 10.29 17.85 1.83 22.26 15.36 10.85 

l l the first cut was at 2Yz MAP for all treatrnents. 
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Table 8. Number and type of FPR trials conducted by farmers in various sites in Thailand in 2003/04. 

Eros ion Chemical Chemical Green Weed Plant 
Province District Subdistrict V arietes control fertilizers + org. fert. manures control s~acing 

8. Ka las in Huay Phueng Nikhom 2 2 2 2 2 
10. Roy Et Phoo Chai Khampha-ung 8 3 5 4 
20. N. Ratchasima Khonburi Tabaekbaan 2 2 2 2 2 
28. Chonburi Bo Thong Kaset Sawan 2 2 4 5 3 
31. Ratchaburi Baan Poong Khaw Khalung 4 2 4 4 4 
33. Kanchanaburi Sai Yook Sai Yook 7 2 4 4 

Total 25 11 17 11 15 10 2 
Total no. of FPR trials: 91 

Table 9. Number and type of FPR trials conducted by farmers in various sites in Vietnam in 2003/04. 

Yarieties 
Erosion Fertili- lnter- Plant Weed for leaf Pig 

Province District Commune Village Varietes control zation cropping spacing control prod. feeding 
l. Thai Nguyen Pho Yen 
2. 
3. 
4. 
5. 
6. Bac Can 

Pho Yen 
Phu Luong 
Na Ri 

7. Tuyen Quang Son Duong 
8. 

11. Yen Bai 
13. Son La 
14. Phu Tho 
15. 
16. 
17. Ha Tay 
18. 
19. Hoa Binh 
20. 
22. Thanh Hoa 
26. T.T. Hue 
27. 
28. 
29. 
30. Dong Nai 
3 l . Binh Phuoc 
32. 
33. B. Vungtau 
34. 

Total 

Van Yen 
Yen Chau 
Thanh Ba 
Phu Ninh 

Thacb That 
Chuong M y 
Luong Son 
Lac Son 
Nhu Xuan 
A Luoi 
Nam Dong 

Huong Tra 
ThongNhat 
Dong Phu 
Chan Than 
Chau Duc 

Total no. of FPR trials- 133 

Tien Phong 
Dac Son 
Minh Duc 
Hong Tien 
Yen Do 
Hao Nghia 
Thuong Am A m Thang 

Hong Tien 
MauA 

Phuong Linh Kieu Tung 
Thong Nhat Phu Ho 
Bao Thanh 
Thach Hoa 
Tran Phu 
Dong Rang 

Yen Cat 
Hong Ha 
Thuong Long 
Huong Hoa 
Huong Van 
An Vien 
Dong Tam 
Minh Lap 
Suoi Rao 
Son Binh 

1 
3 
2 

3 

1 
2 
5 

1 
2 
1 
2 

3 
2 
2 

35 

3 

1 
2 

4 

1 
2 

2 
2 

23 

2 
1 

3 

3 

3 
2 
2 
2 
2 

24 

3 

1 
3 

3 
3 
4 
3 

2 
2 

26 

5 

3 

3 

8 3 

At time of harvest, a field day was organized for part!c!pating and non
practicipating farmers from the village and nearby communities, as well as local officials 
and extension workers. Usually, the central part of each plot had been harvested, either 
early in the moming or the day before, leaving heaps of cassava roots with a sign indicating 
the yield in each plot. Farmers and officials received a paper with all tria! lay-outs and 
treatments. They then visited each tria! and evaluated the different treatments. Later in the 

8 

13 
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da y, the average yie lds of treatrnents in each type of tri a l were presented together with their 
gross income, production cost and net income. These were discussed after which farmers 
voted for the most preferred treatments by raising hands. From this the farmers could 
select new treatments to be tested in FPR trials next season, or they could try the selected 
treatments on parts of their production field. Through these field days, farmers themselves 
selected the most suitable practices, and both the knowledge and planting material of new 
varieties, intercrops or hedgerow species would spread, both in the vi llage and 10 

neighboring villages. A few examples of results of different types of FPR trials are shown 
in Tables 11-20. 

Table 1 O. Number of FPR trials conducted in the 2d phase of the Nippon Foundation Project in 
C hina, Thailand and Vietnam. 

Country Type of FPR tria! 1999 2000 200 1 2002 2003 Total 

China Varieties 9 9 20 69 20 127 
Erosion control 3 5 8 17 33 
Fertilization 4 4 
lntercropping 9 9 
Pig feeding - - - _2.2 .22 - - -

12 14 28 158 20 232 

Thailand Varieties 11 16 16 19 25 87 
Erosion control 14 10 6 11 41 
Chemical fert ilizers 16 6 23 17 17 79 
Chem.+org fertilizers 10 11 11 32 
Green manures 13 11 15 39 
Weed control 17 5 10 32 
Plan! spacing 3 2 S 
lntercropping - - _lQ ~ ...n - -

41 32 104 70 91 338 

Vietnam Varieties 12 31 36 47 35 161 
Erosion control 16 28 29 30 23 126 
Fertilization 1 23 36 24 24 108 
1 ntercropping 14 32 31 26 103 
Weed control 3 3 6 
Plant spacing 1 7 19 8 35 
Leaf production 2 2 1 5 
Pig feeding - - _ 1_1 _j_Q _u ...1-º - -

29 100 153 169 133 584 

Total 82 146 285 397 244 1,154 
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Table 11. Average results of two FPR variety trials conducted by farmers in Hong Tien 
commune, Son Duong district, Tuyen Quang, Vietnam in 2002. 

eassava Gross Product. Net Farrners 
yield in come costs in come preferencc 11 

Varieties (t!ha) ( ·ooo dong/ha) B/e (%) 

\. Vinh Phu 28.70 14,350 4,330 IO,D20 3.31 5 
2. La Tre (Se205) 32.00 16,000 4,330 11 ,670 3.70 5 
3. KM60 35.70 17,850 4,330 13,500 4. 12 18 
4. KM94 39.50 19,750 4,330 15.420 4.56 84 
5. KM95-3 32.00 16,000 4,330 11.670 3.70 3 
6. KM98-7 32.60 16,300 4,330 11 ,970 3.76 13 
7. OMR38-7 1-12 38.00 19.000 4.330 14,670 4.39 29 
8. OMR37-52-6 55.70 27,850 4,330 23.520 6.43 100 
9. OMR37-52-8 27.50 13,750 4,330 9.420 3.18 o 

out of 38 farrners 

Table 12. Results of FPR cassava variet)• trials conductcd by farmers in six sites in Hainan 
province, C hina in 2002/03. 

eassava root ;rield {t/ha) 
Variety 

A" B e 
se 205 23.25 24.06 
se 124 24.69 
se 8oo2 31.25 
se 5!' 27.50 34.38 81.25 
se 621 33.25 
ZM 8229 21.00 
ZM 83 16 
ZM 8639 21.25 
ZM 8641 27.00 
ZM 8803 21.25 
MBra 900 21.50 
OMR 36-40-9 24.00 
eMR 36-40- 12 
11 A = old Songtao village, Qiongzhong county 

B = Nanlao villagc, Nankun town, Tunchang county 
e = Maling village. Nankun town, Tunchang county 
D = Qiaozhi farm. Danzhou city 

D 

57.8 1 

E F 
12.50 22.37 

18.87 32.87 
12.75 3 1.87 
14.62 31.25 

52.60 
10.75 26.25 
18.62 29.37 
18.50 32.37 
13.87 34 .37 
15.62 

E = Octobcr fie ld farm, ehangjiang coun\y (average 2 Rcps. ba~cd on S plantslplot) 
F = Qifang town. Baisha county (average 2 Reps. bascd on 5 plamslplot) 

21 Se 5 = ZM 905 7: SC 6 = OMR 33-10-4 

Average Ranking 
A-E-F 
19.37 7 

28.33 1 
21 .87 S 

21.33 6 
23.08 4 
24.12 2 
24.08 3 
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Table 13. Results of three FPR erosion control trials conducted by farmers in Dong Rang 
village, Dong Xuan commune, Luong Son district, Hoa Binh Vietnam in 2002. 

l. N&,UJ!.en Van Tho; 16% stoe.e 
Dry Yield {tlha) Gross Product. Net 

soilloss income2l costs2l m come 
Treatments0 (t/ha) Cassava Taro Peanut --{'000 dong/ha} --
l. C+T; no NPK; no hedgerows (TP) 12.4 8.75 2.60 6,798 4,780 2,018 
2. C+T; with NPK; vetiver hedgerows o 16.87 2.60 10,452 5,732 4,720 
3. C+T; with NPK; Tephrosia hedgerows o 15.30 3.00 10,185 5,732 4,453 
4. C+P; with NPK; vetiver hedgerows o 15.30 0.51 9,690 6,242 3,448 
5. C+P; with NPK; Tee,hrosia hedgerows o 14.63 0.60 9,884 6,242 3,642 

2. Mr. Bui Thanh Mai; 12% slof!.e 

Dry Yield {tlha} Gross Product. Net 
soilloss income2

l costs2l income 
Treatments 1 l (t!ha) Cassava Peanut --{'000 dong/ha} - -
l. C+P; no NPK; no hedgerows (TP) 8.80 
2. C+P; with NPK; no hedgerows 2.60 
3. C+ P; wi th NPK; Tephrosia hedgerows 0.25 
4. C+P; with NPK; Flemingia hedgerows 0.25 
5. C+P; with NPK; vetiver l[ass hed~erows o 

3. Mr. Bui Thi Bam; 16% slope 

10.00 0 .53 7,415 
14.60 0.48 9,2 10 
14.40 0.45 8,955 
15.60 0.40 9 ,220 
15.60 0.40 9,220 

Yield (t/ha) Gross 
income2

l 

5,290 
6,192 
6,242 
6,242 
6,242 

Product. 
costs2

l 

2, 125 
3,018 
2,713 
2,978 
2,978 

Net 
income 

Treatments1
) 

Dry 
soilloss 

(t/ha) Cassava Peanut - -{'000 dong!ha) - -
l. C; no NPK; no hedgerows (TP) 
2. C+P; with NPK; vetiver grass hedgerows 

26.00 
o 

6.50 
13.75 0 .60 

2,925 3,000 -75 
9,487 6,242 3,245 

n C = cassava, T = taro, P = peanut; NPK = 40 kg N+ 40 P20 5 + 80 K20 /ha; TP = traditional practice 
2¡ prices: cassava dong 450/kg fresh roots 

taro 
peanut 

urea (45% N) 

fused Mg phosphate ( 15% P20 5) 

KCl (60% K20 ) 
peanut seed (84 kg!ha) 
taro corrns (300 kg!ha) 

labor 
labor for monoculture witbout fert. (300 md/ha) 

labor for intercropping without fert . (445 md/ha) 
labor for fert ilizer applic. (8 mdlha) 
labor for hedgerow planting and maintenance 

cost ofNPK fertilizers 

1, 1 00/kg fresh corms 

5,500/kg dry pods 
2,500/kg 

1,000/kg 

2,500/kg 
10,000/kg dry pods 

1.100/kg 
1 0,000/manday 

3.0 mil. dong!ha 
4.45 mil. dong!ha 
0.08 mil. dong!ha 
0.05 mil. dong!ha 

0.822 mil. donglha 

B/C 
1.42 
1.82 
1.78 
1.55 
1.58 

B/C 
1.40 
1.49 
1.43 
1.48 
1.48 

B/C 
0.98 
1.52 
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Table 14. Average results of two FPR erosion control trials conducted by farmers in Khook 
Anu village, Thep Sathit district of Chayaphum province, Thailand, in 2001/02. 

D¡y soil Yield (t/ha) Starch Gross Product. Net Farmers' 
loss content in come costs2

> in come preference 
Treatments (tlha) Cassava lntercrop (%) (bahtlha) (%) 
l. farrner 's practice 13.99 12.6 1 20.3 12,736 12,018 718 o 
2. contour plowing 10.16 8.4 1 20.0 8,410 11,471 -3,061 100 
3. up/down p1owing 31.10 12.34 18.3 11,970 11 ,974 -4 o 
4. mungbean intercrop 10.30 8.70 0.306 24.0 15,516 15,392 124 82 

8.03 13.02 22.3 13,619 13,083 536 100 
4.53 15.94 21.0 16,259 13,550 2,709 03) 

5. vetiver grass hedgerows 
6. lemon grass hedgerows 

ll Prices: cassava baht 1.20/ kg fresh roots at 30% starch 
mungbean 20/ kg dry grain 

2l Cost of production without harvest baht 1 0,000/ha 
'narvest + transport 160/tonne 
contour p1owing 125/ha extra 
C+mungbean intercrop 14,000/ha 
hedgerow p1anting + maintenance 1 ,000/ha 

31 A1though 1emon grass hedgerows produced the highest net income, farmers do not 1ike this practice because 
1emon grass does not to1erate drought and it is difficult to sell in 1arge quantities. 

Table 15. Average results of three FPR fertilizer trials conducted by farmers in Suoi Rao and 
Son Binh viUages, Chau Duc district, Ba Ria-Vung Tau, Vietnam in 2002/03. 

Cassava 
yie1d 

Treatments (t/ha) 

l . ON+OP+OK 25.88c 
2. 80N+40P20 5+80K20 29.23bc 
3. 40N+40P20 5+80K20 46.93a 
4. 40N+40P20 5+40K20 42.73ab 

+5t/ha FYM 

CV(% 14.49 
l) Prices: cassava dong 

urea (45% N) 
SSP (17% P20 s) 
KC1 (60% K20 ) 
FYM 

Gross Fertil. Product. 
income 1l costs costs 

('000 dong/ha) 

12,422 o 
14,030 1,037 
22,526 814 
20,510 1,648 

480/kg fresh roots 
2,500/kg 
1 ,100/kg 
2,500/kg 

200/kg 

5,640 
6,777 
6,554 
7,388 

Net 
meo me 

6,782 
7,253 

15,972 
13,122 

labor for cassava monoculture without fertilizer: 5.64 mil dong/ha 
labor for fertilizer application: 0.1 mil dong/ha 

Farmers' 
preference 

B/C (%) 

2.20 o 
2.07 o 
3.44 100 
2.78 o 
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Table 16. Results of an FPR fertilizer and manure trial conducted in Khut Dook village, Baan 
Kaw, Daan Khun Thot, Nakhon Ratchasima, ThaiJand in 2001/02. 

Root Starch Gross Fertilizer Production Net 
yie1d content income2

) cose) costs3
) income 

TreatmentsD (tlha) (%) ('000 baht!ha) 

l . No ferti 1izers or manure 18.75 25.0 2 1.56 o 10.87 10.69 
2. Chicken manure+rice hulls, 400 kg/rai 30.42 26.2 34.98 2.50 17.15 17.83 
3. Pelleted chicken manure, 100 kg/rai 26.70 2 1.1 30.7 1 2.00 15.39 15.32 
4. 15-7- 18 fertilizer, 50 kg/rai 29.68 24. 1 34.13 2.66 16.73 17.40 
5. 13- 13-21 ferti1izer, 50 kg/rai 32.22 27.4 37.05 3. 13 17.89 19. 16 
6. 16-20-0 ferti1izer, 50 kg/rai 26.08 25.9 29.99 2.50 15.61 14.38 
7. 15-15-1 5 fertilizer, 50 kglrai 30.36 26.9 34.9 1 2.8 1 17.07 17.84 

DI ha = 6.25 rai 
2)Prices: cassava baht 1.15/tonne irrespective of starch content 
11Costs: chicken manure 1.0/kg 

pelleted chicken manure 3.20/kg 
15-7-1 8 8.50/kg 
13- 13-2 1 10.0/kg 
16-20-0 8.0/kg 
15-1 5-1 5 9.0/kg 
harvest + transport roots 270/tonne 
cassava production without fertilizer or harvest 5,8 12/ha 

Table 17. Results of an FPR green manure trial conducted by a farmer in Huay Faa village, 
Nikhom, Huay Phueng, Kalasin, Thailand in 2002/03. 

Root Starch Gross Product. Net Farrners ' 
yield content income2l costs mcome preference 

Treatments 1 
l (tlha) (%) --('000 baht/ha) -- (%) 

l. No green manure 24.63 26.5 2 1.06 14.12 6.94 o 
2. C+mungbean 26.00 27.8 23 .24 14.43 8.81 12 
3. C+Crotalariajuncea 32.00 27.5 28.32 16.04 12.28 o 
4. C+Canavalia ensiformis 20.253) 23.6 25 .16 12.87 12.29 78 

1l Green manures p1anted 112 months after cassava, pulled up 112 months la ter, except for Canavalia 
which was left to produce seed 

2l Prices: cassava baht 0 .96/kg fresh roots at 30% starch ; 0.03 baht reduction per 1% starch reduction 
Canavalia 1 0/kg dry grain 

Jl Al so 250 kg!ha of Canava/ia seed 
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Table 18. Average results of three FPR intercropping trials conducted by farmers in Tran 
Phu commune, Chuong My district, Ha Tay, Vietnam in 2002. 

Yield {t/ha} Gross Seed Product. Net 
Treatments Cassava Intercrop income 11 costs costs m come 

('000 dong/ha) BIC 

l. Cassava monoculture 22.2 7.770 o 
2. C+ 1 row peanut 25.0 0.884 13,170 480 
3. C+2 rows peanut 24.0 1.916 17,980 960 
4. C+mungbean 22.9 o 8,015 500 
5. C+soybean 25.7 0.400 10,995 500 

11 Prices: cassava dong 350/kg fresh roots 
peanut 5,000/kg dry pods 
peanut seed 12,000/kg dry pods 
mungbean seed 25,000/kg dry grain 
labor for cassava monoculture without ferti lizers 
labor for intercropped cassava without ferti lizers 
cost of ferti lizers 
labor for fertilizer appl ication 

4,330 3,440 1.79 
5,8 10 7,360 2.27 
6,290 11 ,690 2.86 
5,830 2,185 1.37 
5,830 5, 165 1.89 

2.8 mil. dong/ha 
3.8 mil. dong/ha 
1.43 mil. dong/ha 
0.1 mil. dong/ha 

Farmers' 
preference 

(%) 

o 
35 
85 
10 
10 

Table 19. Results of an FPR intercropping trial conducted by a farmer in Thung Krabam 
subdistrict, Law Khwan, Kanchanaburi, Thailand in 2002/03. 

Cassava Starch lntercrop Gross income~1 Production Net Farmers' 
yield content yield Cassava Intercrop costs in come preference 

Treatments11 (t!ha) (%) (t!ha) ('000 baht!ha) (%) 

C+monoculture 30.00 23.0 22.90 16.97 5.93 
C+peanut 30.75 23.5 0.562 23.37 8.43 20.49 11.31 o 
C+ melon 24.00 23.2 0.250 18.10 1.25 16.11 3.24 o 
C+pumpkin 32. 13 23.8 1.250 24.6 1 12.50 18.30 18.8 1 10 
C+sweet com 31.00 24.5 1.250 24.18 3. 13 17.87 9.94 5 

11 C = cassava 
21 Prices: cassava baht 0.89/kg fresh roots at 30% starch; 0.02 baht reduction per 1% starch reduction 

peanut 15/kg 
melon 5/kg 
pumpkin 1 0/kg 
sweet com 2.5/kg 
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Table 20. Effect of increasing levels of ensiled cassava roots in pig feed on the average growth 
of nine pigs, on feed conversion ratio and feed costs in Huong Van commune, Huong 
Tra, Thua Thien Hue, Vietnam in 2002/03. 

No. Li fe weight {kg} LWG-l DFI-l FCR-1 Feed cost 
Trcatments' l pigs initial 3 months (g/ da y) (kg DM) (kg DM/kg (VND!kg % 

gain} gain} 
Contro l dict3l 9 27.72 75.94 535.8 1.58 2.89 7,057 100 
45% ECR 9 27.56 77.95 559.9 1.55 2.73 5,960 84.5 
60% ECR 9 28.44 80.32 576.5 1.63 2.76 5,763 81.7 
l) ECR ~ ens iled cassava roots 
~l LWG lifc weight gain; DFI = dai ly feed intakc: FCR = fccd conversion ratio 
11 Control dict wíth rice bran. maize, físh meal and swcet potato vines 

2.2 Adaptation 
A ftcr 2-3 years of testing of various options in FPR trials, slowly narrowing down 

thc number of best options, farrners started to adopt sorne of the tested varieties or practices 
on their bigger production fields. In sorne cases they made adaptat ions so as to make the 
practices more suitable on a larger scale. For instance, in Thailand farmers planted contour 
hedgerows of veti ver grass on their fields, but left enough space between hedgerows 
(usually 30-40 m) to facilitate land preparation by tractor. In sorne cases, especially in 
Vietnam, farmers planted hedgerows on plot bordcrs rather than along contour lines. This 
reduces thc amount of land occupied by hedgerows, but also reduces their effectiveness in 
controlling erosion. 

While contour hedgerows of vetiver grass are usually the most effective in 
reducing soil losses by erosion in experiments and FPR trials conducted in small plots on a 
uniform slopc, when this practice is scaled up to a larger production field the results are 
sometimes disappointing. In areas of rolling terrain large amounts of runoff water may 
accumu late and run down-slope in natural drainage ways. The force of the water is likely 
to wash out vetiver grass recently planted a long the contour across the drainage way, and 
this may result in serious gully erosion. Attempts to repair these gullies by placing sand 
bags or other obstacles across them have usually failed as these obstacles too are washed 
away. O ver the past few years farmers and project staff ha ve experimented inforrnally with 
ways to reduce the speed of water in these gullies. They found that it is most effective to 
place a row of soil-filled plastic ferti lizer bags across the gully in line but slightly below the 
washed out vetiver hedgerow. The bags need to be secured in place by pounding bamboo 
stakes into the soil behind them (Figure 5). Once eroded soil is deposited in the gully 
abovc thc soil bags, vetiver grass can be planted in this moist and fertile sediment. When 
the vetiver grass is well-established across the gully and in line with the rest of the 
hedgerow, this will further slow the speed of runoff water resulting in further deposition of 
sedimcnts in the gully above the vetiver hedgerow. This allows weeds to reestablish in the 
gully bottom protecting the gully from further erosion. With the next plowing along thc 
contours, parallel to the hedgerows, the gully will generally be filled up again with soi l, 
while the hedgerow prevents further gully forrnation (Figure 5). In sorne sites in Thailand, 
terraces of up to a meter height were forrned within two years by the placing of soil bags 
and planting of vetiver hedgerows across the gully. This local adaptation of the traditional 
contour hedgerow system markedly increased its effecti veness under real field conditions. 
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Figure 7. Simple and effective way lo repair gullies by placing soil bags across gully and 
planting vetiver grass in the soil sediments accumulating above the barrier. 
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2.3 Training of Research and Extension Personnel and Farmers 
a. FPR training courses 

At the beginning of the project in 1994 none of the project staff, both from CIA T 
and in national programs, had any experience in farmer participatory methodologies. Thus, 
the project started with a one-week Training-of-Trainers (TOT) course on farmer 
participatory methodologies with staff from CIA T and others with more experience 
presenting their ideas. After lengthy discussions about methodologies, and practice 
sessions in the classroom and with farmers in the field, most participants felt more or less 
comfortable with this new approach and were willing to test it out in their own countries. 

This initial course in English was followed by severa) TOT in-country courses for 
researchers and extensionists of national programs taught partially in English (with 
translation) and partially in the native language by resource persons from that country. 
Project staff that had participated in the first phase and had gained experience with the 
methodo logies then served as resource persons in subsequent TOT courses for staff joining 
in the second phase. By that time, manuals on farmer participatory approaches had been 
prepared in Chinese, Thai and Vietnamese, making the teaching more efficient. Table 21 
shows the tota l number of training courses conducted during the first and second phase of 
the project. 

Table 21. FPR training courses conducted as part of the Nippon Foundation project. 

Number of 
Country Year Type of training course Location participants 

China 1998 Researchers and extensionists Danzhou 27 
2001 Researchers, Extensionists and farmers Danzhou 32 
2003 Farmers and local extensionists Yongning lOO 

159 

Indonesia 1998 Researchers and extensionists Malang 31 

Thailand 1994 Training-of-trainers in FPR methodologies Rayong 29 
1997 Researchers and extensionists Paakchong 28 
1999 Researchers and extensionists Prachinburi 28 
2000 Farmers and local extensionists Huay Bong 51 
200 1 Researchers and farmers on vetiver grass Khaw Hin Som 47 
2002 Researchers and extensionists of LDD Huay Bong 30 
2002 Farmers and local extensionists Khon Kaen _ll 

244 

Vietnam 1997 Researchers and extensionists Thai Nguyen 28 
1999 Researchers and extensíonísts Ho Chi Minh 29 
2000 Farmers and local extensionists Thai Nguyen 29 
2001 Farmers and local extensionists Ho Chi Minh 24 
2001 Farmers and local extensionists Hue 29 
2002 Farmers and local extensionists Van Yen 53 
2002 Farmers and local extensionists Hue 34 
2003 Farmers and local extensionists Nhu Xuan ___M 

292 

Total number of participants 726 
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After trammg of project staff in TOT courses, focusing mainly on tools and 
methodologies used in participatory diagnoses, in the implementation of FPR and FPE as 
well as in participatory monitoring and evaluation (PM&E), the emphasis shifted to 
training of local extension workers together with key farmers from each pilot site. By 
inviting one subdistrict extension worker together with two farm leaders from a project site 
in that subdistrict it was hoped that this three-man (or women) team could form a local 
"FPR team" that would work together in teaching others in the community to conduct FPR 
trials or adopt new technologies. Although these "FPR teams" were never formalized as 
such, the people that had participated in these FPR training courses would oftentimes lead 
the village as coordinators of the FPR trials oras officers on the Administration Committee 
ofthe "Cassava Development Villages". 

At the end of the project in 2003, about 726 people had participated in FPR training 
courses organized and funded by the project, of which about 200 were researchers and 
extensionists and about 400 were farmers and local extension workers (sorne people 
participated in more than one course). These training courses were extremely important to 
create a cadre of people with knowledge and experience in farmer participatory 
methodologies and to motivate people to work enthusiastically in extending the project to 
more and more sites. Similarly, the training of local extensionists and farmers was not only 
useful in extending knowledge about FPR and cassava production technologies, but also to 
motívate and empower local extension workers and key fanners to work together as a team 
for the benefit ofmembers ofthe community. 

h. Training manuals 
To facilitate training in FPR methodologies and to hand out material that can serve 

as a reference for researchers, extensionists and farmers who have participated in these 
courses, the following training materials were prepared, mostly in the local language: 

l. Video/CD: The use of farmer participatory research to develop and extend the use 
of soil conservation practices in cassava growing areas of Thailand (in Thai and 
English) 
by: Department of Agricultura! Extension, Bangkok, Thailand 

2. CD: Cassava resources development and research on preventing soil erosion and 
soil loss using cassava contour hedgerows in Honghe district, Yunnan, P.R. China 
(in Chinese) 
by: Honghe Regional Animal Husbandry Station, Mengzhe, Yunnan, China 

3. Training Manual: Farmer Participatory Research; Methods and Tools; Planning 
FPR Trials (in Thai) 
by: Department of Agricultura! Extension, Bangkok, Thailand 

4. Training Manual : Farmer Participatory Research (in Vietnamese) 
by: Tran Ngoc Ngoan, Thai Nguyen Univ., Thai Nguyen, Vietnam 

5. The Nippon Foundation Project to Control Erosion in Cassava Fields (in 
Vietnamese) 
by: Tran Ngoc Ngoan, Thai Nguyen Univ., Thai Nguyen, Vietnam 

6. Cassava Varieties and Cultural Practices - FPR Project Trafning Manual (in 
Chinese) 
by: Li Jun, Guangxi Subtropical Crops Research lnstitute, Nanning, Guangxi , P.R. 
China 
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7. Severa! extension posters about the Control of Soil Erosion in Cassava, presented 
at End-of-Project Workshop, Thai Nguyen, Oct 2003. 

c. Technica/ monograplrs 
The intention was to prepare two technical monographs in English with possible 

translation in other languages on: 
a. Cassava Production Technologies 
b. Farmer Participatory Methodologies for the Development and Dissemination of 

New Cassava Technologies 

Unfortunately, due to time constraints of the projcct coordinator, neither one has 
yet been written and published. The ftrst one is sti ll being written and may be published in 
2008 as part of the CIAT in Asia: Research for Development Series. Sorne basic 
information for this Monograph has already been published entitled: "Cassava Agronomy 
Rcsearch in Asia: Has it Benefitted Cassava Farmers" by R.H. Howeler and published in 
thc Proceedings of the 61

h Regional Cassava Workshop. This paper, as well as many others 
written by cassava agronomists in national programs, reviews cassava agronomy research 
conducted over the past 20-30 years in Asia. They are published in the same Proceedings. 

The second monograph on FPR and FPE Methodologics used in the project, will 
probably not be published as the topic is rather similar to the recent publication 
"Developing Agricultura] Solutions with Smallholder Farmers: How to Get Started with 
Participatory Approaches" by Peter Home and Wemer Stur, published as the third in the 
C!AT in Asia: Research for Development Series (ACIAR Monograph No 99). This 
publication has been translated into many Asían languages. 

d. Project Website 
Another cffective way to disseminate knowledge about the farmer participatory 

methodology used in the project and the results obtained, is to launch a project website. 
This website was prepared in August 2002. Its web address is: 
www.ciat.cgiar.org/asia cassava/index.htm. The website has numerous downloadable 
publications and serves as a general source of information on various cassava production 
aspects. The website is also linked to the Nippon Foundation website as well as that of 
CIA T in Asia: www.ciat.cgiar.org/asia/indcx.htm. 

e. Scientijic publications 
Reports on various aspects of thc project, both research results and about the FPR 

methodologics uscd, ha ve been presented at many scienti ftc meetings, workshops and 
symposia. Most of these were published. Appendix 2 shows the list of publications 
resulting from the 2nd phase of the project. 

4. ADOPTION AND IMPACT 
Adoption of new technologies is a gradual process; it is a lso influenced by the 

activities of various govemment and non-govemment organizations as well as by social, 
política! and economic forces both within and beyond the vi llage. For instance, the amount 
of fertilizers applied by Thai cassava farmers depends to a large extent on the cassava price 
received in the previous year; this price is determined by intemational markets for coarse 



185 

grains and sugar, which are beyond the farmers ' control. It is also difficult to measure 
adoption beyond the actual pilot sites (usually village or commune) and to know whether it 
was entirely or only partially a result of the project. 

4.1 China 
In China the first phase of the project, conducted only in Hainan province, 

concentrated on the testing of new varieties, eros ion control and fertilization. In the second 
phase, the emphasis shifted to testing mainly new varieties and sorne erosion control (in 
Hainan and Guangxi provinces), and to the feeding of ensiled cassava leaves and roots 
(only in southem Yunnan province) (Table 10). 

FPR variety trials conducted in Kong Ba village in Hainan in 1995-1998 resulted in 
the farmer selection of the breeding lines ZM 9057 and OMR 33-10-4 because of good 
adaptation, high yield and resistance to strong winds (typhoons). In 2002 these two lines 
were officiaJiy released as recommended varieties under the names of se 5 and se 6, 
respectively. In addition, CATAS in Hainan al so relea sed SC 8013 and SC 8002, both 
from crosses made at CATAS, while GSCRI in Guangxi released the high yielding 
varieties GR 891 and GR 911. Two other varieties, SC 124 released in the 1980s by 
CATAS, and Nanzhi 199, released in the early 1990s by the South China Institute of 
Botany (SCIB) in Guangdong, became popular new varieties in Guangxi. 

Due to the rapid expansion of FPR variety trials to many sites in Hainan and 
Guangxi during the second phase, these new varieties are now spreading throughout the 
cassava growing regions of these two major cassava growing provinces. The importan ce of 
cassava in Guangdong province, once the major producer, has been declining and little is 
known about the area still being planted and the varieties used. Thus, Table 22 is at best 
an estímate of the extent of adoption of new varieties in the five cassava growing provinces 
of China. According to these data, new varieties are now planted in about 30,000 ha or 
approximately 8% of the total cassava growing area in China. This is likely to increase 
substantially as cassava is becoming a majar industrial crop in Guangxi and Hainan 
provmces. 

Table 22. Estimated adoption of new cassava varieties in five provinces of China in 
2003. 

Area under 
cassava 

Guangxi GR 891 and GR 911 
se 124 and Nanzhi 199 

260,000 
Guangdong <66,000 
Yunnan Mostly se 124; sorne Nanzhi 27,000 
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Hainan Mostly se 5; sorne se 6 20,000 
Fujian ? 

Total China <373,000 

Area under 
new 

varieties 
3,333 

13,333 
16,666 

? 
12,000 

1,333 
133 

30,132 

Percent under 
new varieties 

6.4 
? 

44.0 

6.7 
? 

-8 
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FPR erosion control trials conducted in Hainan from 1995 to 1998 showed mainly 
thc effcctiveness of vetiver grass hedgerows in reducing soil 1osses. Demonstration plots 
conducted for many years at CATAS al so indicated the effectiveness of hedgerows of 
vetiver grass, Clitoria ternateo. Cassia rotund((olia and Tephrosia candída in reducing 
erosion and increasing cassava yields (Huang Jie et al., 2008). Of these various options, 
only vet iver grass hedgerows were adoptcd by a few farmers and in a very limited arca 
(less than 5 ha), mainly because of lack of planting material and the labor involved in 
transporting and planting the vegetative material. The search for cheaper solutions, such as 
sccd-propagated hedgerow species, contour ridging and closer plant spacing should 
continuc, as these options are more likely to be adopted. 

While FPR fertilizer trials conductcd in Kongba village in Hainan showed a 
substantial response to application of chemical fertilizers, few farmers in that village 
adopted this practice; they preferred to open new Jand for cassava on the higher slopes and 
lea ve the rest in fallow rotation or convert to rubber plantations. Both at CATAS in Hainan 
and at GSCRI in Guangxi long-term fertilizer trials indicated the importance of applications 
of K and N, respectively, for maintaining high cassava yields. lt is not clear, however, to 
what extent improved fertilizer practices have been adopted by farmers. 

Farmers in sorne parts of China have traditionally intercropped cassava w ith maize, 
peanut, and watermelons. To increase the yiclds of watermelon, many farmers started to 
cover the soil with plastic sheets to reduce weed growth, increase soil temperature in early 
spring and reduce evaporation. With cheap plastic avai lable on the market this was a 
highly profitable practice. Now they have adopted the same practice for cassava grown in 
monoculture. In 2002, in one subdistrict (town) of Wuming county in Guangxi, about 25% 
of cassava was grown on plastic mulch . Apparently, the increased cassava yields obtained 
and the reduced need for weeding more than compensates for the cost of the plastic. This 
practice is now being investigated in replicated on-station trials - an example of farmer-to
researcher extension! 

4.2 Thailand 
In Thailand both the govemment and the prívate sector (through TTDI) are actively 

involved in cassava research and extension, including the training of cassava farmers. 
From 1993 to 2000 TTDI trained about 30,000 cassava farmers and distributed about 40 
million stems o f new varieties, free of charge to these farmers (Banyat Vankaew et al. , 
2008). In addition, from 1993 to about 1998 the Thai government spent over US$1 million 
pcr year for the multiplication and distribution of new high-yielding cassava varieties. This 
has resultcd in the rapid spread of new varieties; in 2002/03 these covered about 1 mi Il ion 
ha or 98% of the total cassava arca in the country (Table 23). Thus, in Thailand many 
farmers in thc pilot sites had already adopted new varieties before the Nippon Foundation 
project started; but, they may have changed from one new variety to another as a result of 
FPR varicty trials conducted as part of the project. For instance, in Baan Khlong Ruam in 
Sra Kaew province farmers in 1993 planted mainly Rayong 90 while presently they plant 
mainly Rayong 5 (Table 24) as the latter variety was only released in 1994 and tested as 
part of FPR trials from 1995 to 1998. Similarly, in Thaa Chiwit Mai, farmers in 1995 
(before the project) planted mainly the local variety Rayong 1 but changed to KU 50 after 
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testing in FPR trials. Data collected from a Participatory Monitoring and Evaluation (PM 
& E) conducted in four project sites in Aug 2002 (Tables 24 and 25) indicate that in 2002 
one hundred percent of the cassava area in those tour si tes were planted with new varieties 
(Watananonta el al., 2008). lt is very difficult, however, to know to what extent the 
adoption of new varieties was due to the project, as new varieties were also adopted by 
farmers al! over the country (see Section 5 on Impact Assessment below). 

According to a survey conducted by DOAE, in 1992 only 46% of cassava farmers 
in Thailand applied chemical fertilizers. In 1999/2000 a similar survey of "advanced" 
cassava farmers conducted by TTDI indicate that between 44 and 80% of farmers applied 
chemical fertilizers to most fields. Recent data from the Dept. of Agric. Statistics of 
Thailand indicate that in 2001 66.4% of the cassava area was fertilized, but that this 
decreased to 56.2% in 2002. The PM&E project survey (Table 24) indicates that at the 
start of the project most farmers either did not apply chemical ferti1izers or applied small 
amounts of 15-15-15 compound ferti1izers. In 2002, however, according to the PM&E in 
four project si tes, chemica1 ferti1izers were app1ied in 79 to 100% of the cassava area in 
those sites (Table 25). In most sites this was still 15-1 5-15, but farmers also applied more 
and more 13-13-21 or other compound fertilizers high in N and K and 1ow in P. These 
ferti1izers are more appropriate for cassava, but are still not widely available on the market. 

Table 23. Spread of new cassava varieties in Thailand from 1989/90 to 2002/03. 

Area (ha) % in 

Varie!}: 1989/90 1991/92 1994/95 1995/96 1997/98 1999/00 2002/03 2002/03 
Local variety 1 ¡ 1,470,382 1,400,256 949,204 840,253 4 16,113 146,297 18,270 1.7 
others 3,481 0.3 
Rayong 3 17,158 50,283 135,421 14,953 NA 27,004 9,242 0.8 
Rayong60 125,049 207,589 206,057 216,897 38,297 3.6 
Rayong 90 35,46 1 8 1,049 143,055 220,926 150,961 14.4 
Kasetsart 50 322 17,846 149,270 410,852 465,951 44.3 
Sri Racha 1 NA NA NA 4,125 NA 
Rayong 5 NA 66,424 129,594 125,823 304,72 1 29.0 
Rayong 72 60,444 5.8 
Total new varieties 17,158 50,283 296,253 387,861 627,976 1,005,627 1,029,616 
Total cassava area 1,487,540 1,450,539 1,245,457 1,228,114 1,044,089 1,151,924 1,051 ,368 
% with new varieties 1.1 3.5 23.8 31.6 60.1 87.3 97.9 

>90% Rayong 1 
Source: Klakhaeng el al., 1995; Rojanaridpiched et al., 1998; Ojjice of Agric. Economics, 2000; 

NE Tapioca Trade Assoc. 2003. 

Presently, more and more farmers are applying animal manures, mostly chicken 
manure as this is becoming more avai1able as a result of the booming pou1try industry (at 
least before the outbreak of bird flu in early 2004). But its use is still rather limited, 
probably no more than 10-20%. Farmers in sorne areas are also becoming interested in 
testing and planting green manures, such as Canavalia ensiformis, Crotalaria juncea, 
mungbean and cowpea. Sorne ofthese were tested in FPR trials (see Table 17). When the 
green manures are intercropped and planted at the same time as cassava, the yield of 
cassava is usually reduced due to strong competition (see Table 3). But when the green 
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Table 24. Change in the use of new cassava production technologies
1
> in four pilot sites

2
) in Thailand from 1995 to 20022

> as a result of the 

Nippon Foundation project. 

Technology Baan Khlong Ruam Thaa Chiwit Mai SaQQhongphoot Hua;r Suea Ten 
componen! 1993 1995 2002 1995 1997 2002 1995 1997 2002 1995 1997 2002 
Varieties R90 R90 (60%) R5 Rl K U 50 K U 50 Rl K U 50 K U 50 Rl K U 50 K U 50 

(60%) (67%) (94%) (41 %) (8 1%) (91%) (54%) 
R3 R5 R90 R60 R60 R5 R60 R5 R90 R90 R5 R5 

(30% (20%) (19%) (3%) (32%) ( 18%) (5%) (20%) 
R60 K U 50 K U 50 R5 R5 R72 R90 R90 R72 K U 50 R90 R90 

(10%) (20%) (12%) (3%) (22%) ( 1%) (3%) (15%) 
R72 R90 R5 R72 
(2%) (5%) (1%) (11%) 

Chemical not apply 15-15-15 15-15-15 not apply 15-15-15 15- 15-15 not apply 15-15-15 15-1 5-1 5 not apply 15-15-15 15-15-15 
fertilizers 13-13-21 (35%) (50%) or 46-0-0 (44%) or and (47%) 

13-13-21 13-13-2 1 15- 15-15 46-0-0 15-15-15 16-8-8 16-8-8 
(17%) (38%) (little) (27%) (little) mixed at (33%) 

21-4-21 othcr 13-13-21 2:1 ratio 2 1-0-0 
(13%) (12%) (4%) ( 12%) 

14-4-24 other 46-0-0 
(10%) (25%) (7%) 

16-20-0 13-13-21 
(5%) ( 1%) 
other 
(20%) 

Vetiver not plant 46% 29% not p/anl 3% 20% not plant 70% 55% not plant 32% 39% 

Grcen not plant not plant Canavalia not plan! not plant Canavalia not plant not plant Canavali not plant Canavalia Canava/ia 
manures (little) (littlc) a (littlc) (20%) (50%) 

cowpea Crotalaria 
~little ~little) 

lloate collected from Participatory Monitoring and Eva luation (PM&E) with fanners in Aug 2002; perccntages are in tcnns of cassava arca 
2lBaan Khlong Ruam vi llage, Wang Soombuun district, Sra Kaew province 

Thaa Chiwit Mai vi llage, Sanaam Chaikhet district, Chachoengsao province 
Sapphongphoot vil lage, Soeng Saang district, Nakhon Ratchasima 
lluay Suea Ten village, Sahatsakhan district, Kalasin province 

3'Nippon Foundation project started in these pilot sites around 1997, except in Baan Khlong Ruam whcrc it started in 1995 
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Table 25. Extent of adoptionn of various cassava technology components in four pilot sites in 
Thailand in 2002 as a result of the Nippon Foundation project. 

Technology Baan Khlong Ruam Thaa Chiwit Mai Sapphongphoot Huay Suea Ten 
component Sra Kaew Chachoengsao Nakhon Ratchasima Ka las in 

(ha) {%) {ha) %) ~ha} (%2 {ha) {%2 
Varieties 480 100 469 100 396 100 228 100 
Chemical fertilizers 480 100 469 100 364 92 180 79 
Vetiver grass hedgerows 139 29 94 20 218 55 89 39 
Green manures 72 15 o o o o 114 50 

o o o o o o o o Intercro2~ing 
l\ Estimated by farmers in each si te during Participatory Monitoring and Evaluation (PM&E) in Aug 2002 
Source: Watananonta et al .. 2008. 

manures were planted one month after cassava and pulled up 1-2 months later, the 
competition was less and cassava yields sometimes (but not always) increased. Tables 24 
and 25 indicate that green manures were planted in only two of the four sites surveyed in 
2002; in those sites green manures were planted in 15 and 50% of the cassava area and 
most farmers preferred Canavalia as it is well adapted to poor and acid soils, is drought 
tolerant, easy to plant and less competitive as compared to other species (see Table 3). 

Although 23 FPR intercropping trials were conducted in Thailand in 2001 and 
2002, this technology component was almost universally rejected by Thai farmers, mainly 
because it is too labor intensive, interferes with mechanized weed control, and intercrop 
yields are very much affected by either drought or excess rainfall; in addition, many 
intercrops have serious pest anci/or disease problems. While the potential economic 
benefits from intercropping can be high (see Table 19), most farmers are not willing to 
spend the labor and money required and then risk crop fai lure. Intercropping with pumpkin 
might be attractive, but the marketing of large amounts beco mes a serious problem. 

As most cassava in Thailand is grown on very gentle slopes, usually between O and 
10%, erosion would normally not be a problem. However, most cassava soils are very light 
textured (sandy loams or loamy sands) and are very low in organic matter (0-l %); these 
soils have thus poor aggregation, which makes them very susceptible to erosion. 
Moreover, yearly land preparation with disk plows has resulted in the formation of a very 
compacted plow !ayer at 20-25 cm below the soil surface, which impedes interna) drainage. 
Thus, after heavy rains, the top soil becomes quickly saturated and excess water runs down 
the slope causing both sheet and gully erosion. Also, the large size of land holdings allows 
water to run freely over long distances resulting in water concentration and strong currents 
in natural drainage ways. This can result in very severe gully erosion. 

In Thailand 33 FPR erosion control trials were conducted in the 1st phase and 41 in 
the second phase of the project (see Table 10 and Table 14). After testing severa) ways to 
control erosion, farmers generally narrowed this down to contour hedgerows of either 
lemon grass or vetiver grass. While lemon grass has sorne commercial value, its r .- eting 
in large quantities is difficult; moreover, it is less drought tolerant than vetiver gras:.. fhus , 
almost 100% of farmers in Thailand selected vetiver grass hedgerows as the most suitable 
soil conservation practice. The fact that the Royal Family and most government 
organizations al so promote the use of vetiver for soil and water conservation has certainly 
intluenced that selection. In any case, many farmers in the project sites have adopted the 
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planting of vetiver grass hedgerows, especial ly since the vegetative planting material was 
usually provided free of charge and LDD staff helped in setting out contour lines. Table 
24 indica te that there were no vetiver hedgerows planted before the start of the project, but 
that this soil conservation practice was used in 20-55% of the cassava area in the four sites 
surveyed in 2002. In Baan K.hlong Ruam the area with vetiver hedgerows reached 46% in 
1995 but decreased to only 29% in 2002; some had been destroyed by tractor drivers during 
fand preparation, as these hedgerows interfere with straight-line and/or up-and-down land 
preparation. Nevertheless, the number of households adopting these soil conservation 
practices increased year by year (Figure 6). In 2003 about 145 km of vetiver hedgerows 
had been planted, covering about 580 ha in 20 project sites (Wilawan Vongkasem et al., 
2008). While this is a major accomplishment and far exceeds initial expectations, it still 
corresponds to less than 0.1% of the total cassava growing area in Thailand. Obviously, 
not all cassava areas have an erosion problem, but both Jow soil fertility and soil erosion 
were listed as some of the most serious problems in cassava cultivation by farmers 
participating in training courses at TTDI (Banyat Vankaew et al., 2008). 
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Figure 6. Numberoffarmers adopting soil conserva/ion measures in theircassava 
fields in FPRpilot sites in Thailand and Vietnamfrom 1999 to 2003. 

The strong govemment support for planting vetiver grass has no doubt contributed 
greatly to the relatively rapid adoption of this technology; however, it could well have 
impeded the search for, and adoption of, other soil conservation options that are almost 
equally as effective and cheaper to establish, such as con tour hedgerows of seed propagated 
species like Paspalum atratum, Brachiaria brizantha and possibly Tephrosia candida (or 
other leguminous species). Using data from many erosion control experiments, 



191 

demonstration plots and FPR trials conducted in Thailand from 1994 to 2003, it was found 
(Table 26) that on average hedgerows of vetiver grass and Paspalum were almost equally 
effective in reducing erosion (by 42 and 47%, respectively), while both reduced cassava 
yields about lO%. Closer plant spacing reduced erosion only slightly (12%), but increased 
yields by 16%, while con tour ridging reduced eros ion 31% and increased yields 8%. Lack 
of fertilizer application did not significantly reduce yields in FPR trials (only 4%) but 
markedly increased erosion by 140%. Thus, the adoption of more or better fertilizer use 
and closer plant spacing, almost universally adopted by farmers for economic reasons, may 
actually have contributed more to erosion control than any of the "soil conservation" 
practices adopted as a direct result of the project. In the future, it would be recommended 
to test the use of vetiver grass mainly for control and repair of gullies (Figure 5), and 
hedgerows of Paspalum atratum or Brachiaria brizantha variety Toledo for control of 
sheet erosion in the upper parts of the landscape (all except the drainage ways), all 
combined with contour ridging, closer plant spacing and the combined use of animal 
manures and chemical fertilizers high in N and K. 

Table 26. Effect of various soil conservation practices on the average1
l relative cassava yield and 

dry soilloss due to erosion as determined from soil erosion control experiments, FPR 
demonstration plots and FPR trials conducted in Thailand from 1994 to 2003. 

Relative Relative 
cassava yie1d dry soi1 loss 

Soi1 conservation practices21 (%) (%) 
l. With ferti1izers; no hedgerows, no ridging, no intercrop (check) 100 100 
2. With fertilizers; vetiver grass hedgerows, no ridging, no intercrop** 90 (25) 58 (25) 
3. With fertilizers; lemon grass hedgerows, no ridging, no intercrop** 110 (14) 67 (15) 
4. With fertilizers; sugarcane for chewing hedgerows, no intercrop 99 (12) lll (14) 
5. With fertilizers; Paspalum atratum hedgerows, no intercrop** 88 (7) 53 (7) 
6. With fertilizers; Panicum maximum hedgerows, no intercrop 73 (3) 107 (4) 
7. With fertilizers; Brachiaria brizantha hedgerows, no intercrop* 68 (3) 78 (2) 
8. With fertilizers; Brachiaria ruziziensis hedgerows, no intercrop* 80 (2) 56 (2) 
9. With fertilizers; elephant grass hedgerows, no intercrop 36 (2) 81 (2) 

1 O. With fertilizers; Leucaena leucocephala hedgerows, no intercrop* 66 (2) 56 (2) 
ll . With fertilizers; Gliricidia sepium hedgerows, no intercrop* 65 (2) 48 (2) 
12. With fertilizers; Crotalariajuncea hedgerows, no intercrop 75 (2) 89 (2) 
13. With fertilizers; pigeon pea hedgerows, no intercrop 75 (2) 90 (2) 
14. With fertilizers; contour ridging, no hedgerows, no intercrop** 108 ( 17) 69 ( 17) 
15. With fertilizers; up-and-down ridging, no hedgerows, no intercrop 104 (20) 124 (20) 
16. With fertilizers; closer spacing, no hedgerows, no intercrop** 116 (10) 88 (11) 
17. With fertilizers; C+peanut intercrop 72 (11) 102 (12) 
18. With fertilizers; C+pumpkin or squash intercrop 90 (13) 109 (15) 
!9. With fertilizers; C+sweetcom intercrop 97 (11) 110 (14) 
20. With fertilizers; C+mungbean intercrop* 74 (4) 41 (4) 
21. No fertilizers; no hedgerows, no or up/down ridging 96 (9) 240 ( 1 O) 
IJ number in parenthesis indica tes the number of experiments/trials from which the average values were calculated. 
21 C = Cassava 

* * = most promising soil conservation practices; * = promising soil conservation practices 
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4.3 Vietnam 
Table 27 shows how the number of households in the pilot sites adopting the 

various technology components increased over time, with most farmers adopting new 
varieties. This is partially due to the testing in FPR variety tria ls, but is also due to the 
planting of new varieties by non-participating farmers in or near the pilot si tes. 

Table 27. Trend of adoption of new cassava technologies in the Nippon Foundation project 
sites in Vietnam from 2000 to 2003. 

Number of households adopting 

Technology componcnt 2000 200 1 
l. New varieties 88 447 
2. Improved fertilization 64 123 
3. Soil conservation practices 62 200 
4. Jntercropping 127 360 
5. Pig feeding with cassava root si lage 759 
11Number ofproject si tes: 1999 = 9; 2000= 15; 2001 =22; 2002=25; 2003=34 
Source: Tran Ngoc Ngoan, 2008. 

2002 
1,637 

157 
222 
689 
967 

2003 
14,820 

1,7 10 
831 

4,250 
1,172 

Table 28 shows one example of the extent of adoption in 2002/03 of new varieties 
in five communes in Pho Yen district of Thai Nguyen province and in three communes in 
Son Duong district of neighboring Tuyen Quang province, both in north Vietnam. 
According to the RRA ' s conducted in 1994 in Pho Yen and in 1999 in Son Duong districts, 
the average cassava yields ofthe local variety Vinh Phu were 8.5 and 3.7 t!ha, respectively. 
ln 2002/03 (Table 28), the average yield of the same variety but with improved practices 
were 24.5 and 18.4 tlha in the project si tes of the same two districts. With the adoption of 
new varieties, i.e. KM 95-3 and KM 98-7 in Pho Yen and KM 94 in Son Duong, yields 
further increased to 30.3 and 36.0 tlha, respectively. Thus, in Son Duong the adoption of 
new varieties and improved practices (mainly more balanced fertili zation) increased yields 
nearly ten times, while in Pho Yen yie lds increased about 3.5 times. In 2003/04, new 
varieties (KM 94) had been planted in 56.5 ha in seven communes in Son Duong district, 
out of a total of about 400 ha of cassava in the district, in Pho Yen in 2003 new varieties 
had been planted in 51 .3 ha in six communes, out of a total of about 650 ha of cassava in 
the district (other communes may also have planted new varieties, but complete data is not 
avai lable). 

Tran Ngoc Ngoan (2008) reported that in Vietnam, KM 94 (= KU-50 from 
Thailand) is the most widely adopted new variety; it is by far the most popular variety in 
almost all regions ofVietnam except in parts ofThai Nguyen province where farmers have 
adopted KM 98-7 and KM 95-3 , in Hue province where farmers prefer the more edible 
variety KM 98- 1 (=Rayong 72 from Thailand), and in Binh Phuoc province where KM 94 
is now being replaced by KM 98-5 which tends to produce higher yields. 

Besides varieties, most farmers in the Vietnam pilot s ites also adopted a more 
balanced fertilization, i.e. they combined the traditional practice of applying 5-1 O t/ha of 
pig manure (FYM) with chemical fertilizers high in N and K (such as 40N-20P20 5-80K20 
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or 80N-80K20) as these combinations usually produced highest yields and net income in 
the FPR fertilizer trials (see Table 15). Although the number of households applying 
fertilizers to cassava did not increase as much as expected (Table 27) as most farmers 
already applied FYM with sorne (mainly P) ferti lizer, the leve! of application increased and 
the nutrient balance is now more appropriate as a result of the project. Table 29 shows that 
adoption of more balanced fertilization on average increased yields from 21.4 to 30.5 tlha, 
or a 43% increase over the traditional farmer's practice. The adoption of new varieties 
increased cassava yields more than the adoption of any other technology component, 
including improved fertilization. 

Table 28. Extent of the dissemination of new cassava varieties in six communes of Pho Yen 
district, Thai Nguyen, and three communes in Son Duong district of Tu yen Quang 
province, Vietnam in 2002/03 and their effect on yield and gross income. 

Cassava Gross 
No. of Area yield income1

l 

District Commune Variet;r fam1ers {ha2 {tlha2 {'000 dlha2 
Pho Yen 
l. Tien Phong Vinh Phu (local) 18 0.64 25.4 12,700 

KM 95-3 50 1.60 32.3 16,150 
KM 98-7 50 3.56 34.3 17,150 

2. Dac Son Vinh Phu (local) 6 0.27 25.1 12,550 
KM 95-3 5 0.22 28.3 14,065 
KM 98-7 11 0.49 30.5 15,250 

3. Minh Duc Vinh Phu (local) 34 1.62 23.5 11,750 
KM 95-3 34 0.65 27.4 13,700 
KM 98-7 34 0.86 28.1 14,050 

4. Hong Tien Vinh Phu (local) 12 0.61 25.4 12,700 
KM 95-3 16 0.58 31.1 15,550 
KM 98-7 28 1.42 32.3 16,150 

5. Nam Tien Vinh Phu (local) 9 0.40 23.5 11 ,750 
KM 95-3 9 0.29 28.1 14,050 
KM 98-7 9 0.36 30.2 15,100 

6. Van Phai Vinh Phu (local) 9 0.32 23.8 11 ,900 
KM 95-3 17 0.70 29.2 14,600 
KM 98-7 25 1.46 31.3 15,650 

Son Duong 
l. Am Thang Vinh Phu (local) 14 2.57 19.8 9,900 

La Tre hloca1)2
l 10 3.65 16.1 8,050 

KM603 9 0.42 28.3 14,150 

KM 943) 23 5.06 36.3 18,150 
KM 95-3 13 1.05 27.1 13,550 
KM 98-7 3 0.14 30.0 15,000 

2. Hong Tien Vinh Phu (local) 2 0.25 17.0 8,500 
La Tre (local) 26 11.39 15.4 7,700 
KM94 30 4.29 36. 1 18,050 
KM 98-7 1 0.14 28.0 14,000 

3. Cap Tien La Tre (local) 20 12.25 19.6 9,800 
KM60 20 0.20 29.4 14,700 
KM94 20 0.28 35.7 17,850 
KM 98-7 20 0.20 30.0 15,000 

I)Price: cassava dong 500/kg fresh roots. 
2
lLa Tre = SC 205 introduced from China in 1967-1972. 

3lKM 60 = Rayong 60; KM 94 = KU 50, both introduced from Thailand in 1989- 1991. 
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Table 29. Estimatcd increasc in cassava fresh root yield dueto the adoption of various new 
tcchnology components in Vietnam in 2002/0311• 

Tcchnology componen! 

Cassava yicld (t/ha) 
Fanners' 
practice21 

With adoption ofnew 
technology componen! 

New practice as 
% o f farmcrs ' 

practice21 

l . Ncw varietics 
2. lmprovcd fertilization 
3. Soi l conscrvation practices 
4. lntcrcropping 

17.6 1 
2 1.37 
20.60 
29.95 

29.93 
30.50 
25.48 
28.94 

11 Based on rcsults from 15 FPR si tes wherc new techno logies !{ave been adopted by farmers. 
21 Farmcrs· prac tice usuall y includes most ncw tcchnologics exccpt the techno logy being tested 
Source: Tran Ngoc :Vgoan. 2008 

170 
143 
124 
97 

Table 27 shows that the number of households adopting soi l conservation practices 
- mostly the planting of contour hedgerows of Tephrosia candida, vetiver grass, Paspalum 
atratum and pineapple - increased from 62 in 2000 to 83 1 in 2003. These practices wcre 
used in 6 12 ha of cassava in the project pilot sitcs (Table 30). In sorne sites these 
hedgerows had bccn in place for 5-8 years, whilc in many others they had been recently 
establ ishcd. Average results from many FPR tria ls and demonstration plots indicatc that in 
Vietnam contour hedgerows of vetiver grass incrcascd cassava yields about 13-1 5%, while 
those of Tephosia increased yie lds 5- I 0%; soil losses by erosion decreased 49-52% by 
veti ver grass and 36-5 1% by Tephrosia hedgerows (Table 31 ). Hedgerows of Paspalum 
atratum increased yields 12% and decreased erosion 50%, about the same as vetiver grass 
hcdgerows; pineapple was a1so similarly e ffcctive in decrcasing erosion (52-56%) but had 
basically no cffect on yield. Contour ridging and intercropping with peanut both increased 
yiclds by about 6% and decreased soillosses by 30% and 19%, respectively. 

Table 30. Extent of adoption of soil conservation practices and the estimated increase in yield 
and gross in come of farmers in the FPR pilot si tes in Vietnam from 2000 to 2003. 

umber Arca with Cassava yield {tlha} Percent lncrease in gross income 
o f soil conser. Fanners' Wi th soil yield 

Ycar farmers {ha} ~ractice 11 conservation incrcase ~er ha 
2000 62 21.12 12.11 13.75 13.5 0.574 
2001 200 59.87 16.50 19.95 20.9 1.1 12 
2002 222 88.85 20.60 25.48 23.7 1.952 
2003 83 1 6 12.00 20.6031 25.4lf 1 23.7 1.561 

Total 83 1 612.00 
11 Fam1ers' practicc includes most new tcchnologies cxcept soil conscrvation 
21 Fresh root price: in 2000 350 VND/kg 

{mil VND}21 

total per household 
12.1 23 0. 196 
66.596 0.333 

173.728 0.782 
955.699 1.1 50 

1,208.146 

in 2001 350 VND/kg in no rth, 200 in central and 290 in south 
in 2002 400 VND/kg 
in 2003 320 VN D/kg (estimatcd) 

31 Yields cstimated from 2002 
Source: Tran Ngo<' Ngoan. 2008 
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Table 31. Effect of various soil conservation practices on the avcragell relative cassava yield 
and dry soilloss due to erosion as determined from soil erosion control experiments, 
FPR demonstration plots and FPR trials conducted in Vietnam from 1993 to 2003. 

Rel. cassava ~ield (%) Rel. d~ soil loss (%~ 
Cassava Cassava Cassava Cassava 

Soil conservation-~ract ices2 > monoculture + ~eanut monoculture + ~eanut 
l. With fertilizers; no hedgerows (check) 100 100 

2. With fertilizers; vetiver g rass hedgerows** 113 ( 17) 11 5 (23 ) 48 ( 16) 51 (23) 

3. With fertilizers; Tephrosia candida hedgerows** 110 (17) 105 (23) 49 (16) 64 (23) 
4. With fertilizers; Flemingia macrophy lla hedgerows* 103 (3) 109 (4) 5 1 (3) 62 (3) 
5. With fertilizers; Paspalum atratum hedgerows** 11 2 ( 17) 50 ( 17) 
6. With fcrtilizers; Leucaena leucocephala hedgerows* 11 o ( 11) 69 (11) 
7. With fertilizers; Gliricidia sepium hedgerows* 107 ( JI) 7 1 ( 11 ) 

8. With fert ilizers; pincapple hedgerows* lOO (8) 103 (9) 48 (8) 44 (9) 

9. With fertilizcrs; vetíver+Tephrosia hedgerows 102 (7) 62 (7) 

10. With fertilizers ; contour ridging ; no hedgerows* 106 (7) 70 (7) 
11. With fertilizers; closer spacing, no hedgerows 122 (5) 103 (5) 

12. With fertilizers; peanut intercrop; no hedgerows* 106 ( 11 ) lOO 81 (1 1) lOO 
13. With fertilizers; maize intercrop; no hedgerows 69 (3) 21 (3) 
14. No ferti lizers; no hed~erows 32 (4) 92 1 (5 ) 137 (4) 202 ( 12) 

J) number in parenthesis indicates the number o f experiments/trials from which the average 
val ues were calculated. 

2
> IC = intercrop, HR = hedgerows 
** = most promising soi l conservation practices; * = promising soil conservation practices 

Data in Table 30 indicate that adoption of soil conservation practices in all sites in 
Vietnam increased yields from 13.5% in 2000 to 23.7% in 2002. Table 30 also shows that 
the gross income, both per ha and per household, as a result of the adoption of soil 
conservation practices also increased very markedly over time. Results from both FPR 
trials and on-station research also indicate that the beneficia! effect of con tour hedgerows in 
terms of increasing yields and decreasing erosion increases over time (Figures 3 and 4). 
This is mainly because contour hedgerows, almost independent of the species used, will 
result in natural terrace formation , which over time reduces the slope and enhances water 
infiltration, thus reducing runoff and erosion. Well established hedgerows also become 
increasingly more effective in trapping eroded soil and fertilizers. Unfortunately, most 
FPR erosion control trials are conducted for only 1-2 years at the same site, so farmers do 
not quite appreciate the increases in beneficia! effects that accrue over time. This, coupled 
with the fact that planting and maintaining hedgerows requires additional labor (and 
sometimes money for seed or planting material) while hedgerows take sorne land out of 
production and have initially little beneficia! effect on yield, has hampered the more 
widespread acceptance and adoption of these soil conservation practices. 

Nevertheless, adoption of soil conservation practices increased markedly from 
2002 to 2003 (Table 30), partially because more farmers had seen the effectiveness of 
contour hedgerows in FPR trials, but also because the extension office in Van Yen district 
of Yen Bai province distributed 12 tonnes of free seed of Tephrosia candida and Paspalum 
atratum so as to encourage farmers to control erosion when planting cassava on steep 
slopes. Thus, in the spring of 2003 at least 500 km of double hedgerows of Tephrosia or 
Paspa/um were planted in this district alone, covering 300-500 ha. This, combined with 
the use of new varieties (mainly KM 94), better fertilization (60N-40P20 5-80K20) and 
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intercropping with peanut, increased average cassava yields in the district from about 1 O 
t/ha to 30 t/ha. 

Table 27 shows that the number of houscholds adopting intercropping - roainly 
with peanut and, to a lesser extent, black bean (= black cowpea) - increased from 127 in 
2000 to 4,250 in 2003. The very largc increase in adoption from 2002 to 2003 is due to a 
marked increase in the number of project sites, but is also due to the rapid expansion of 
intercroppcd cassava in Van Yen district of Y en Bai province due to the distribution of 
seed of a ncw high-yiclding peanut variety (LD-7) by the district cxtension office. 

Although thc small size of farm holdings and the abundancc of labor in rural areas 
(especially in the north) of Vietnam favor very intensive crop production, including 
intercropping, this practice is still not so widespread. One reason is that intercropping 
oftentimcs (but not always) decreases the yield of the main crop (Tables 29 and 31); 
secondly, it requires considerable extra labor for planting, harvesting and post-harvest 
handling as well as money for buying the seed (0.3 mil. VND/ha), while weather conditions 
as well as pests and diseases make intercropping very risky. While intercropping can 
markedly increase gross and net income (Tables 18 and 19), many farmers are reluctant to 
invest in this practice beca use of the high risks involved. 

Table 27 al so shows that thc number of households adopting cassava root and leaf 
silage for feeding pigs increased markedly from practically zero in 2000 to 1,172 
households in 2003, mainly in the pilot si tes of Hue province in central Vietnam. In 2003, 
1, 172 households adopted this practice raising 3,370 pigs, which resulted in additional 
gross income of 145.5 mil. VND (US$ 9,400), or 0.124 mil. VND ($8.00) per household. 
The use of cassava silage has mainly an effect on reducing feed costs (Table 20) and may 
thus increase net income more than gross income. 

A good example of the extent of adoption of various technology components over 
time is shown in Table 32 for Tien Phong commune in Pho Yen district of Thai Nguyen 
province, as well as the impact of this adoption on net income from cassava per ha and for 
the total community. This commune was selected as a suitable pilot site when the project 
commenced in 1994. At that time, according to the RRA, about 115 households planted 
cassava, cv Vinh Phu. on a total of 50 ha with an average yield of 8.5 t/ha. This produced a 
net incomc of 0.47 mil. VND!ha or 23.50 mil. VND for thc whole commune. After 
conducting many FPR trials in 1995- 1999 farmers started to adopt new varieties, 
intercropping, more balanced fertili zation and soi l conservation practices (i n small areas 
only, as most fields are rather flat). Over the years, more and more households adopted 
these new technologies in ever largcr areas resulting in marked increases in yields, both of 
the local variety Vinh Phu and the new varietics. In 2003 new technologies had been 
adopted in a total of about 32 ha with an average yield of 36 tlha. Net income per ha 
increascd from 0.47 mil. VND in 1994 to about 14 mil VND in 2003, while total net 
income from cassava in the community increased from 23.5 mil VND ($2,350) in 1994 to 
over 450 mil. VND ($29,200) in 2003. Thus, during the 1 0-year period, the net income 
from cassava in the community increased in dollar terms more than ten times even though 
the area under cassava may have decreased from 50 to about 32 ha. This has had a 
profound effect on the standard of living of fanners in this commune. The impact is 
probably less pronounced in other sites mainly because of a shorter duration of 
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involvement in the project and thus less adoption of new technologies. With time similar 
beneficial effects can be expected in many other communities in Vietnam. 

Table 32. 1 mpact of tbe adoption of new cassava varieties and improved production practices 
on the Jiveliboods of farmers in Tien Phong commune, Pho Yen districtl ofThai 
Nguyen, Vietnam. 

Year 

2000 

200 1 

2002 

2003 

Variety or 
. 1) 

pract1ce 
Vinh Phu 
New varieties 

Vinh Phu 
New varieties 
lntercropping 
Erosion control 

Vinh Phu 
New varieties 
lntercropping 
Erosion control 

Vinh Phu 
New varieties 
lntercropping 
Balanced fert. 
Erosion control 

Vinh Phu 
New varieties 
lntercropping 
Balanced fert. 
Erosion control 

No. of 
farmers 

11 5 
o 

NA41 

25 
37 
4 

61 
122 
40 
4 

18 
100 
118 
48 

5 

NA 
225 
120 
54 
5 

Cassava 
area 
(ha) 

50 

so 
NA 
1.31 
2.59 
0.20 

>4.10 
2. 17 
4.70 
3.38 
0.20 

10.45 
0.64 
5.16 
3.69 
2.95 
0.18 

12.62 
NA 

17.00 
11 .00 
3.40 
0.60 

>32.00 

Cassava 
yield 
(t/ha) 

8.5 

21.5 
30.9 
29.3 
24.7 

22.7 
29.0 
26.2 
NA 

25.4 
33.7 
32.3 
33.4 
25.4 

NA 
36.8 
36.0 
33.6 
27.0 

Peanut 
y ield 
(t/ha) 

0 .81 

0.77 

1.73 

0.67 

Gross Production Net 
income21 costs income 

----(mil. dong/ha)- -
3.40 2.93 0.47 

NA 
15.45 
18.70 
12.35 

11 .35 
14.50 
16.94 

NA 

12.70 
16.85 
24.80 
16.70 
12.70 

NA 
18.40 
2 1.35 
16.80 

13.5 

NA 
4.36 
6.16 
4.66 

4.36 
4.36 
6.16 
NA 

4.33 
4.33 
6. 13 
4.83 
4.63 

NA 
4.33 
6. 13 
4.83 
4.63 

NA 
11.1 o 
12.54 
7.69 

6.99 
10.14 
10.78 

NA 

8.37 
12.52 
18.67 
11 .87 
8.07 

NA 
14.07 
15.22 
11 .97 
8.87 

Total net 
income 

(mil.dong) 
23.50 

23.50 
NA 

14.54 
32.48 

____lá1 
>48.56 

15.17 
47.66 
36.44 

NA 

>99.27 
5.36 

64.60 
68.89 
35.02 
~ 
175.32 

NA 
239. 19 
167.42 
40.70 

5.32 
>452.63 

l) In Ticn Phong fanners traditionally grow mainly Vinh Phu varicty but ha ve now largely changed to KM 95-3 
and KM 98-7; thc new practices includc intercropping with pcanut, balanced fert ilization of lO t/ha ofpig 
manurc plus 80N-40P20 5-80 K20, anderos ion control by con tour hedgcrows of Tephosia candida 

2l Pricc of cassava in 1994: 400 VND/kg fresh roots 
Price of cassava in 2000-2003: 500 VND/kg fresh roots 
Price of pcanut in 2000-3003: 5,000 VND /kg dry pods 

3
• Data from R.RA at the start ofproject 

4
) NA = data not available 

Table 33 summarizes the extent of adoption of new cassava technologies in 15 
pilot si tes in Vietnam in 2003 and the resulting expected increase in gross income due to 
higher y ie lds obtained. Although balanced fertilization produced the highest yields, it was 
not adopted over a very wide area. New varieties were most adopted resulting in the 
greatest increase in gross income. The total increase m gross income due to new 
technologies was estimated at 2.2 mili ion US dollars or $96.03 per household. 
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Table 33. Extent of adoption of new cassava production technologies in 15 FPR pilot si tes in 
Vietnam in 2003/04, the effect on cassava yields, and the increase in gross income 
resulting from the yield increase in those sites. 

Cassava ~ie1d {tfha} Increase in 
Technology componen! No. of Area (ha) Fanners' Improved gross income 

households Eractice1 
> technolog~ ('000 US$/1 

l. New varieties 14,820 7,849 17.61 29.93 1,996 
2. Ba1anced ferti1ization 1,710 607 21.37 30.50 11 4 
3. Soil conservation practices 831 6 12 20.60 25.48 62 
4. Intercropping 4,250 160 29.95 28.94 15 4) 

5. Root and leaf silage for pig feeding 1,287 -3) 12 

Total 22,898 9,228 2,199 
11 Farmers' practice usually includes most ncw technologies except the technology being tested 
11 based on an expected price of 320 VND!kg fresh roots in 2003/04; 1 US$ ~ 15,500 VND 
31 3,370 pigs 
41 increase in gross income from the harvest of intercrops 
Source: adaptedfimn Tran Ngoc Ngoan. 2008. 

4.4 Adoption of New Cassava Technologies and their Effect on Yield and Farm 
lncome in Asia 

The extent of adoption of specific technologies on a country-or continent-wide 
basis is almost impossible to determine. Nevertheless, surveys conducted in Thailand, 
Vietnam and China indicate the approximate extent of adoption of new varieties (Table 
34). Information from RRAs, the Vietnam cassava survey of 199 1/92 as well as published 
data in Thailand can give an average value for the area under cassava per household. 
Assuming that any one household has completely replaced their traditional cassava variety 
with new higher yielding varieties, we can get an idea about the mínimum number of 
households in each country which planted new varieties. According to the data in Table 34 
at least 90,000 farmers in China, about 350,000 in Thailand and 718,000 in Vietnam or a 
total of at least 1.16 million farmers have benefited from planting new higher yielding 
varieties in these three countries. While it is impossible to say to what extent the Nippon 
Foundation project contributed to this rapid adoption of new varieties in Asia (Figure 7), it 
is probably fair to say that the project made a considerable contribution, either directly by 
conducting FPR trials with farmers, organizing field days and training courses, but also 
indirectly through the publication of booklets, pamphlets, as well as newspaper articles and 
TV. In Vietnam at least 15,000 fanners in 15 pi1ot sites have adopted new technologies, in 
Thailand at least 1000 farmers are members of "Cassava Development Villages" and in 
China over 700 farmers participated in FPR or regional training courses. Thus, it is likely 
that our target of benefiting at least 8000 farmers by this project was achieved, and 
probably surpassed by a considerable margin. 

Another way of estimating the monetary benefits of adoption of new cassava 
technologies would be to look at the yield trends in the three countries where the Nippon 
Foundation project was most active. Figure 8 shows the average cassava yields in India, 
Thailand, China, Indonesia and Vietnam from 1994 to 2003, i.e. the ten-year period 
corresponding to the Nippon Foundation project. Yie1ds in a ll countries have increased, 
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but the rate of increase was rather low in India, China and Indonesia, and very high in 
Thailand and Vietnam. From 1994 to 2003 yields in Thailand increased from 14.28 to 
19.30 t/ha, a 40% increase corresponding toan annual rate of increase of 3. 78%; during the 
same period yields in Vietnam increased from 8.44 to 14.28 tlha, a 69% increase 
corresponding to an annual rate of increase of 6.02%, while in a11 of Asia yields increased 
from 12.93 to 16.61 t/ha or at an annual rate of 2.81 %. In Thailand cassava yields have 
increased steadily since 1995, a few years after sorne of the high yielding varieties were 
released and started to be adopted (Table 23). In Vietnam the same thing happened but 
only about five years later. In China the process has barely started with only about 8% 
coverage of new varieties, versus about 50% in Vietnam and 1 00% in Thailand. Yields in 
China are expected to in crease substantially, especially in Guangxi and Hainan provinces 
where the project has been quite active in developing and disseminating new varieties. 

Table 34. Estima te of the area under new cassava varieties in China, Thailand and Vietnam in 
2003 and the mínimum number of households that planted these varieties. 

Area under new Average cassava area Average no. of farmers 
varieties {ha} ~er household {ha}' > ado~ting new varieties2

> 

China -Guangxi 16,666 0.22 75,500 
-Guangdong - 6,000 0.53 - 11 ,320 
-Hainan 1,333 0.53 2,500 

Thailand 1,000,000 2.86 350,000 

Vietnam 194,000 0.27 718,000 

Total - 1,157,820 
l ) Data estimated from RRA in China in 1994 (Henry and Howeler, 1996) and the Vietnam Cassava Survey of 

1991/92 (Pham Than Binh et al .. , 1996) and Office Agric. Economics, Thailand (2002); Hoang Kim et al., 2005 
l) Assuming complete replacement of old by new varieties 

Table 35 shows the impact of these yield increases on gross income in China, 
Thailand and Vietnam as well as for all of Asia, based on F AO data. During the past ten 
years yields in China increased 0.79 tlha (our Chinese colleagues insist that those data are 
incorrect and that both the area under cassava and the yield increase is actually much 
higher), in Thailand 5.49 tlha, in Vietnam 5.84 t/ha, and in a11 of Asia 3.68 t/ha. 
Considering the area under cassava in 2003 and the average price of fresh roots, it is 
possible to calculate the annual additional gross income from the increased cassava yields 
as compared to ten years ago. For China this was calculated to be 5.35 million, for 
Thailand 123.42 million and for Vietnam 54.30 million US dollars. In addition, Thai 
farmers received a price premium for planting varieties with higher starch content, which is 
not included in these calculations. For Asia as a whole the yield increase of 3.68 t/ha 
corresponds to an extra 318 million US dollars in the pockets of cassava farmers every 
year. If we estima te that there are about 8-1 O million cassava farmers in Asia, this means 
that the increased cassava yields provided about $30-40 extra income per family as 
compared to ten years ago. In Thai1and this may be as high as $350.-; in many countries it 
will be much less than $20.-. This is not insignificant considering that the net farrn income 
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in NE Thailand is $375.- per year; in other countries it is much lower. The economic 
benefits of the project continued to increase in subsequent years, as both cassava yields and 
area planted increased while in many countries in Asia thc cassava root price nearly 
doubled between 2003 and 2007. Table 1 in Appendix 3 provides an estimate of the 
benefits achieved in 2005/06. 
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Figure 7. Adoption ofCIAT-related cassava varieties in Latin America and Asiafrom 
1980 to 2002. 
Source. C. H. Hershey; 2000-02 estimated by R. Howeler. 
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Figure 8. Change in cassava yield inflve countries in Asiafrom 1994 to 2006. 
Source: FAOSTAT, 2008. 
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Table 35. Estimated increase in gross income of cassava farmers in China, Thailand, Vietnam 
and in all of Asia as a result of increased cassava yields in 2003 as compared to 1994. 

lncreased gross 
Total cassava Cassava f ield Yield Cassava income due to 

area {tlha~ l m crease price higher yields 
(ha) 1

) 1994 2003 (t/ha) ($/tonne) (mil. US$) 
China 250,700 15.23 16.02 0.79 27 5.35 
Thailand 1,021 ,840 13.81 19.30 5.49 22 123.42 
Vietnam 37 1,900 8.44 14.28 5.84 25 54.30 

Asia total 3,451,680 12.93 16.61 3.68 25 3 17.55 
IJ Data from F AOST A T in 2007 
21 In addition, farmers also benefited from higher prices dueto higher starch content 

In Vietnam the official govemment policy ten years ago was to maintain the area 
under cassava constant but increase yields. In fact, both area and yields have increased 
substantially, resulting in a 112% increase in cassava production since 1994. Ten years ago 
their were no medium- to 1arge-scale starch factories and most cassava was used either for 
human consumption or on-farm pig feeding. In 2003 there were 24 medium- to large-scale 
factories in operation and another 18 in the planning or construction stage. In much of Asia 
cassava has been transformed from a food-security crop to an important industrial crop, 
used mostly for production of starch and animal feed, both for domestic use and export. 
Many national and provincial govemments now consider cassava as an ideal vehicle for 
rural development: the crop is easy to grow, tolerates poor soils and long droughts, has no 
diseases or pests, requires little in terms of inputs or infrastructure and has multiple end
uses, providing both rural and urban employment. While many social, political and 
economic factors determined that change, the dedicated and hard work of our collaborators 
in the Nippon Foundation project - researchers, extension workers and farmers - surely 
contributed to this development. Moreover, without the sustained and generous financia} 
support from the Nippon Foundation, as well as the technical and methodological support 
from CIA T this would not ha ve been achieved . It is a case of many people working 
together towards a common goal: to enhance the sustainability of cassava cropping systems 
whi le increasing the livelihood of poor farmers. 

5. IMPACT ASSESSMENT 
In order to determine what impact the implementation of the Nippon Foundation 

project has had on the adoption of new cassava varieties and various production practices 
and the subsequent effect on cassava yields and income, an Impact Assessment study was 
conducted by an outside consultant, Dr. Tim Purcell, using funding generous1y provided for 
that purpose by SPIA (the CG 's "Standing Panel on Impact Assessment"), in collaboration 
with the CG's System-wide Participatory Research and Gender Analysis (PRGA) program 
at CIA T. The study started in Oct 2003, coinciding with the End-of-Project Workshop, in 
order to discuss the methodology to be used with various project collaborators. Selection 
of appropriate and representative sites and the design of questionnaires were discussed 
between Tim Purcell, Nina Lilja of PRGA and Reinhardt Howeler, project coordinator. lt 
was agreed that the study would collect data in four project sites each in Thai1and and 
Vietnam, both from "participating" and "non-participating" farmers, in "project" and 
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nearby (within 1 O km) "non-project" villages3
. Data would be collected from l) 

govemment ofticials in the subdistrict; 2) from interviews of focus groups of about 20 
farmers each in project and non-project villages; and 3) from a questionnaire filled out by 
farmers in the focus groups, both for their own family as wcll as for two neighbors. Thus, 
data were collected from officials in eight sites (in addition, similar data from subdistrict 
offices from all project sites was solicited by mail), from focus groups in 16 villages, and 
from survey forms from 832 households. The field work was conducted by Tim Purcell in 
collaboration with staff from DOAE and DOA in Thailand, and from lAS, TNUAF and 
NISF in Vietnam during Nov-Dec 2003. The final report entitled " Integrating Germplasm, 
Natural Resource, and lnstitutional Innovations to Enhance lmpact: the Case of Cassava
Based Cropping Systems Research in Asia" was submitted to ClA T in April 2004. The 81 
page report is supplemented with 215 tables and 26 figures for a total of over 500 pages. 
The Executive Summary is included in Appendix 4. 

Tables 36 and 37 show the number of participating and non-participating farmers 
(out of 832) and the percentage of farmers, respectively , that had adopted specific 
technologies in the eight selected project sites in Thailand and Vietnam. The last three 
columns show whether there were statistically significant differences between 
"participating" and "non-participating" farmers. Sorne important conclusions are as 
follows: 

l. Overall, chemical fertilizers were adopted by 84% of farmers, new varieties by 
69%, contour ridging by 30%, contour hedgerows by 30%, and intercropping by 
3 7% of surveyed farmers. 

2. There were no statistically significant differences bctween participating and non
participating farmers in the adoption of new varieties, but there were high ly 
significan! differences in the adoption of contour ridging, planting of vetiver, 
Tephrosia (in Vietnam only) and Paspalurn hedgerows, intercropping, and the 
application of chemical fertili zers and animal or green manures. In general , a 
larger percentage of participating than non-participating farmers had adopted new 
technologies, including new varieties (though the latter was not significant). 

3. In Thailand, 100% ofparticipating farmers and 87%4 ofnon-participating farmers 
had adoptcd new varieties; in Vietnam, this was 48 and 45%, respectively. 

3 Participating farmers were mostly bu! not exclusively from the project village (pilot site) and Non
participating farmers were mostly but not exclusively from the nearby non-project village. 
Participating farmers are defined as those that have either conducted FPR trials and/or participated 
in FPR training courses. Non-participating farmers may have attended project field days, but had 
otherwise not bcen directly involved in the project. 

4 This figure seems low sin ce nation-wide surveys indicate 98% adoption of new varieties; the 87% 
figure may refer to new varieties adopted since the project started in 1994. Table 23 indicates that 
at that time 24% ofthe cassava area in Thailand was already planted with sorne ofthe earlicr new 
varieties. 
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4. Since new vanet1es spread nearly equally among parttc!pating and non
participating farmers and well beyond the project sitcs (all over the country in case 
of Thailand), the use of an FPR approach may not be essential as standard training 
and extension approaches seemed to be equally effective. Still, testing new 
varieties in FPR trials is an excellent way to get farmers interested in testing other 
technologies as well. Moreover, from the results of FPR trials farmers may select 
certain "new" varieties that are particularly suitable for their own conditions, such 
as KM 98-7 and KM 95-3 in Pho Yen district in north Vietnam (Table 28). In 
China, sorne of the officially released varieties now promoted by the extension 
service were actually selected by farmers from their FPR trials. 

S. The use of an FPR approach seems to be particularly useful to en hance the 
adoption of practices with no- or little immediate benefits, such as erosion control 
measures and green manuring. The benefi cia! effects of these practices tend to 
accrue over time and are not clearly visible except when demonstrated in small 
plots side-by-side with the loca l practice. 

6. Among soil conservation practices, about an equal percentage of farmers adopted 
contour ridging as conrour hedgerows (of any type), while slightly over 50% of 
farmers did not adopt any soil conservation measures. The FPR project was 
particularly successful in enhancing the adoption of vetiver grass hedgerows in 
Thailand and Tephrosia or Paspalum hedgerows in Vietnam. However, it is also 
clear that these technologies did not spread widely beyond the immediate project 
sites indicating that the dissemination of these practices was not very successful. 
Adoption of vet iver grass in Thailand was partia lly a result of the promotion of this 
technology by the Royal Family and most government institutions. The adoption 
of Tephrosia and Paspalum atratum in Vietnam was also largely due to the 
distribution of free seed. Without these or other incentives it is unlikely that many 
farmers would have adopted these hedgerow technologies. 

7. Fertilizers were widely adopted, but whethcr or not farmers adopt and how much 
fertilizer is applied depends largely on the econom ic status of the farmers; for that 
reason, adoption is not very di fferent between participating and non-partic ipating 
farmers (not significan! in Vietnam). 
However, many participating farmers in both Vietnam and Thailand changed the 
type of fertilizers they applied, increasing the levels ofN and K and decreasing that 
of P as a result of FPR trials. 

8. Adoption of intercropping has been very limited, especially in Thai land; only in a 
few sites cassava is intercropped with maize or green manures. In Vietnam 
intercropping with peanut was the most widely adopted (35%) and this was 
significantly higher among partic ipating than non-participating fanners. 

9. Adoption of a ll technology components as well as changes in cassava yields over 
the course of the project were highly dependent on si te characteristics. 

lO. Cassava yields increased significantly more for participants than non-partic ipants 
(Figure 9); this change was mainly due to participation in FPR training courses. lt 
is likely that the knowledge gained in these courses contributed to s ignifican! 
increases in cassava yields. 
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Table 36. Extent of adoption (number of households) of new technologies by participating and non-participating farmers in the Nippon 
Foundation ~roject in Thailand and Vietnam in 2003. 

Participants Non-Participants Total 
--

Tcchnologics ado~tcd Thai land Vietnam Ovcrall Thailand Vietnam Ovcrall Thailand Vietnam Overall 
Varicties 
- >75% improved varieties 11 7 71 188 279 110 389 396 181 577 
- about 50% improved varietics o 50 50 1 51 52 1 101 102 
- mainly traditional varieties o 24 24 o 85 85 o 109 109 
-no cassava o 2 2 42 o 42 42 2 44 

Soil conservation practices 
- contour ridging 62 46 108 71 71 142 133"* 117 250** 
- hedgerows- vetiver grass 72 17 89 31 9 40 103** 26** 129** 

- Tephrosia 
candida o 48 48 o 17 17 o 65** 65 

- Paspafum atratum 1 17 18 o 5 5 1 22** 23** 
- pineapple o 4 4 o 2 2 o 6 6 
- sugarcane 2 o 2 2 o 2 4 o 4** 
- othcr hedgerows 4 11 15 1 4 5 5* 15** 20** 

- no soil conservation 24 43 67 228 146 374 252** 189** 441** 

lntercropping 
- with peanut 1 60 61 2 76 78 3 136* 139** 
- with beans o 35 35 o 67 67 o 102 102** 
- with maize 12 4 16 9 9 18 21** 13 34 
- with green manures 24 o 24 13 o 13 37** o 37** 
- other species 3 64 67 5 53 58 8 11 7** 125** 
- no intercropping 84 30 114 291 11 7 408 375** 147** 522** 

Fertiliza tío o 
- chemical fertilizers 11 5 11 7 232 272 197 469 387** 314 701** 
- farm yard or green manure 66 96 162 82 136 218 148** 232 380** 
- no fertilizcr o 24 24 40 35 75 40** 59 99** 

Total 11 7 147 264 322 246 568 439 393 832 
Households can adopt more than one type oftechnology simultaneously 
Signilicant DifTcrcncc bctwccn Participants and Non-Participants; * 95""• Signilicance Lcvc l. **=99'?to Signilicancc Lcvcl 
Source: lmpact Assessment (Time Purccll, 2004) 



205 

Tablc 37. Extent of adoption (percent of houscholds) of new technologies b y participat ing and non-participating farmers in the Nippon 
Foundation ~roject in Thailand a nd Vietnam in 2003. 

Panicipants Non-Panicipants Total 
- -- --
Thailand Vietnam Ovcrall Thai land Vietnam Ovcrall Thailand Vietnam Ovcrall 

e ti es 
- >75% improved varieties 100 48.3 71.2 86.6 44.7 68.5 90.2 46.1 69.4 
- about 50% improved varietics o 34.0 18.9 0.3 20.7 9.2 0.2 25.7 12.3 
- mainly traditiona\ varieties o 16.3 9.1 o 34.6 15.0 o 27.7 13. 1 
- no cassava o 1.4 0.8 13.0 o 7.4 9.6 0.5 5.3 

Soil conscrvation practices 
- contour ridging 53.0 31.3 40.9 22.0 28.9 25.0 30.3** 29.8 30** 
- hcdgerows- vetiver grass 61.5 11 .6 33.7 9.6 3.7 7.0 23.5** 6.6** 15.5** 

- Tephrosia candida o 32.7 18.2 o 6.9 3.0 o 16.5** 7.8 
- Paspalum atratwn 0.9 11.6 6.8 o 2.0 0.9 0.2 5.6** 2.8** 
- pineapple o 2.7 1.5 o 0.8 0.4 o 1.5 0.7 
- sugarcane 1.7 o 0.8 0.6 o 0.4 0.9 o 0.5** 
- other hedgerows 3.4 7.5 5.7 0.3 1.6 0.9 1.1 * 3.8** 2.4** 

-no soil conscrvation 20.5 29.3 25.4 70.8 59.3 65.8 57.4** 48. 1** 53.0** 

lnlercropping 
- with peanut 0.9 40.8 23.1 0.6 30.9 13.7 0.7 34.6* 16.7** 
- with beans o 23.8 13.3 o 27.2 11.8 o 26.0 12.3** 
- with maize 10.3 2.7 6.1 2.8 3.7 3.2 4.8** 3.3 4. 1 
- with grccn manures 20.5 o 9. 1 4.0 o 2.3 8.4** o 4.4** 
- other species 2.6 43.5 25.4 1.6 21.5 10.2 1.8 29.8** 15.0** 
- no intercropping 71.8 20.4 43.2 90.4 47.6 71.8 85.4** 37.4** 62.7** 

Fertilization 
- chemical fcnilizers 98.3 79.6 87.9 84.5 80.1 82.6 88.2** 79.9 84.3** 
- farm yard or green manure 56.4 65.3 6 1.4 25.5 55.3 38.4 33.7** 59.0 45. 7** 
- no fcnil izcr o 16.3 9.1 12.4 14.2 13 .2 9. 1** 15.0 11.9** 

Total 100 100 100 100 100 100 100 100 100 

Pcrcentages m ay total more than 100 perccnt as houscholds can adopt more than one type of tcchnology simultancously 
Source: lmpact Assessment (Time Purcell , 2004) 
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11. Amang all surveyed farmers, cassava yields in Thailand increased fram 20.11 t/ha 
befare the project ta 24.04 t/ha after the project. In Vietnam yields incrcased fram 
14.92 t/ha befare the praject ta 22.35 t/ha after the praject. These are significant 
y ield incrcases abtained aver a relatively shart time (2-8 years) af participatian (ar 
nat) in the praject. Hawevcr, in bath Thailand and V ietnam cassava yields 
cauntry-wide alsa increased significantly aver the past five years5 (Figure 9), 
indicating that the project may have had a direct effect on the yields of 
participating fanners as well as an indirect effect an yields nation-wide. But many 
ather factars, such as site characteristics and wealth status af farmcrs were 
significan! determinants afyield. 

12. Univariate analysis indicate that y ields increased significantly by the adaptian of 
new varicties, sail canservation practices and intercropping; whether or nat 
fertilizers had been adopted (not the leve! of fertilizers applied) had a significan! 
effect only on cassava yields after the praject but not on the change in yield. In 
multivariatc analyses, hawever, the change in cassava yields was significantly 
determined anly by site effects and participation in the praject; amang cassava 
technologics only the adaption of new varieties had a s ignificant effect on yield 
after thc project, while the effccts af soil canservatian practices, fertilizcrs or 
intercropping an yield were not s ignifican! as these effects are partially obscured 
by other factors such as site effects and wealth status ofthe household. 

30 Thailand Vietnam 
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o = praject participants 
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• = all country (1999-2003) 
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Figure 9. Average cassava yiefds offarmers participating in the Nippon Foundation ca\·sava 
project or of nearby but non-partidpating formers, beJore the project started and 
at the end ofthe project. Data are .from PRRA censusforms coffected.fi·om 439 
househofds in Thailand and 393 households in Vietnam. For comparison, the national 
average cassava yields in 1999 (be.fore) and 2003 (after) are also shov.n. 

5 roughly corresponding to the same period between "before" and "after'' the project 
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Thus, in general terms. participation in the project had a significan! effect on the 
extent of adoption of soil conservation practices, intcrcropping and fertilizer use, but not on 
the adoption of "new varieties"; most likely it had an effect on the selection of a particular 
_variety. Adoption of new varieties and chemical fertilizer use was widespread, but this was 
achieved mostly by traditional extension approaches used by various govemment 
institutions; fertilizer adoption was largely determincd by the available financia( resources 
of each household . Soil conservation measures and intercropping practices were not widely 
adopted beyond the pilot si tes as the perceived benefits did not always justify the costs and 
labor involved. 

Based on the results of the lmpact Assessment a farm-leve l decision model was 
formulated by Dalton et al. (2005) to calculate the benefits of the project by type of 
beneficiary and by village. Also, the interna( rate of retum ( IRR)) of the project was 
calculated at 20% during the project's implementa! ion phase, and 34.1% if the bene tits are 
extrapolated to an additional five years; if spillovcr cffects are included, the IRR reached 
49.2% (Dalton et al., 2005). 

Another study (Calkins and Yu Thi Thao, 2005) looked at the institutional impact 
of the Nippon Foundation Project in Thai land and Vietnam. While the authors concluded 
that the project was highly successful, both agronomically and institutionally, they showed 
quite marked differences among countries and institutions in the factors responsible for the 
perceived impacts of the FPR project. 

6. CONCLUSIONS AND LESSONS LEARNED 
From the implementation and results of thc sccond phase of the N ippon Foundation 

project the fo llowing conclusions and lessons can be drawn: 
l . To achieve widespread adoption of new technologies, as many farmers as possible 

should be involved in conducting FPR tria ls, participating in tield days and in 
training courses; this can only be achieved by the active collaboration of many 
research institutions, universities, and extension oftices, at nat ional, provincial, 
district and subdistrict levels. This a llows the project to extend rapidly to many 
sites. Active and enthusiastic participation of the local extension workers are 
crucial for the success of the project. 

2. Training of project staff in FPR methodologies is not only essential to impart 
knowledge about the various tools and methods, but a lso to motívate people to 
work enthusiastically with and for the benetit of farmers. 

3. Training of farmers and local extension workers together in FPR methodologies 
and cassava production techno logies was an effective way to exchange knowledge 
and experiences between farmers from various regions, and to encourage farmers to 
experiment, to innovate and to draw their own conclusions. 

4. The conducting of FPR erosion control tria ls on their own tields a llowed farmers to 
see the actual soil losses as a result of erosion, and that simple agronomic practiccs 
can markedly reduce erosion. Part ic ipat ing in these trials and in training courses 
were the determinan! factors in the adoption of soil conservation measures. 

5. Most farmers are not aware or not concemed about soil erosion and may not be 
interested in conducting FPR erosion control tria ls. The simultaneous testing of 
other technology components such as ncw varieties, fert il izer practices and 
intercropping that are likely to have more immediate benctits is a good way to get 
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farmers involved in testing soil conservation measures as well. Only the whole 
package of "improved" practices (including soil conservation measures) will ha ve 
an immediate beneficia! effcct on income. 

6. The beneficia! effects ofvarious hedgerow technologies bccame apparent only after 
sorne time. As such, sorne erosion control experiments should be continued for 
many years to show the long-term effect on terrace formation and increased yields 
to visiting farmers and extension workers. 

7. Besides hedgerows, there are other "soil conservation" measures, such as closer 
plant spacing, balanced fertilization (including animal ancl/or green manures) and 
contour ridging, that are effective in reducing erosion and may be more easily 
adopted by farmers. 

8. Vetiver grass contour hedgerows is one of the most effective ways to control 
crosion and the grass nevcr becomes a wced. However, its establishment from 
vegetative planting material is slow and costly. For that reason vetiver grass 
should be used strategically only in those arcas where it is most needed, i.e. across 
natural drainage ways or gullies; this may require the use of sand bag barriers for 
initial establishment. Hedgerows of seed-propagated species such as Palpalum 
alratum, Brachiaria brizantha or Tephrosia candida, can be planted more quickly 
and cheaply, and these will serve well in the higher and convex parts of the 
landscape. 

9. Every agricultura! research and extcnsion institution, both national and 
intemational, has its own arcas of strength as well as weaknesses. By pooling their 
strength and working togethcr they can become more effective in solving problems 
which con tribute to the development of thc country and will benefit poor farmers. 

7. RECOGNITION 
Mrs. Wilawan Vongkasem, principal collaborator from the Thai Department of 

Agric. Extension (DOAE) in the Nippon Foundation project, was honored with "the K.ing 
of Thailand Vetiver Award" for her paper entitled "The Use of Vetiver for Soil Erosion 
Prevention in Cassava Fields in Thailand". Mrs. Wilawan received the award from i-IRH 
Princess Maha Chakri Sirindhom during the Intemational Vetiver Grass Conference held in 
Aug 10-15, 2003 in Guangzhou, China. 

Rcinhardt Howeler, Watana Watananonta and Tran Ngoc Ngoan received the 
"2006 Intemational Service in Agronomy Award" from thc American Society of 
Agronomy (ASA), as representativcs ofthe "Cassava Team" comprising al! people directly 
involved in the implcmentation of the Nippon Foundation funded FPR Cassava Project. 
Reinhardt Howeler received the award during the Annual Meeting of ASA on Nov 16, 
2006 in lndianapolis, USA. 
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Appendix 1 

List of Cooperators in the Second Phase of the Nippon Foundation Project 

Thc second phase of the project has becn implemented in collaboration with five rcsearch 
and extcnsion organizations in Thailand, s ix inst itutions in Vietnam and three in China. 
Thc following peoplc were directly involvcd in the project. 

Within CIA T: 
Reinhardt H. Howcler - Project Coordinator, stationcd in Bangkok, Thailand 
Peter Kerridgc. Coordinator for Asia, Vicntiane, Laos ( 1998-2002) 
Rod Lefroy, Coordinator for Asia, Yicntiane, Laos (2002-prcscnt) 
Sam Fujisaka. C IAT, Cali. Colombia 
Guy Henry, CIA T, Cal i, Colombia 

Outside CIAT: 
Dr. Kazuo Kawano, Advisor to the Projcct, Univ. of Kobe, Japan 

Mr. Watana Watananonta, Project Coordinator for Thailand, DOA, Bangkok, Thailand 
Mr. Anuchit Tongglum, Rayong Field Crops Research Centcr. DOA, Thailand 
Mr. Danai Suparhan, Rayong Field Crops Research Center, DOA, Thailand 
Mr. Somphong Katong, Rayong Field Crops Rcsearch Centcr, DOA, Thailand 
Mrs. Saowari Tangsakul, Banmai Samrong Field Crops Res. Station, DOA, Thailand 
Mr. Samnong Nual-on, Kalasin, Field Crops Res. Station, DOA, Thai land 
Ms. Ratanaa Scwatasai, Rice and Field Crops Prom. Div. , DOAE, Bangkok, Thailand 
Mr. Kaival Klakhacng, Rice and Ficld Crops Prom. Div., DOAE, Bangkok, Thailand 
Mrs. Wilawan Yongkasem, Rice and Field Crops Prom. Div., DOAE, Bangkok, Thailand 
Mr. Kitti Srakaew, Rice and Field Crops Prom. Div., DOAE, Bangkok. Thailand 
Mr. Apichart Chamrocnphat, Rice and Field Crops Prom. Div., DOAE, Bangkok, Thailand 
Mr. Anuchaa Mahachai, Rice and Field Crops Prom. Div., DOAE, Bangkok, Thailand 
Mr. Chanchay Wiboonkul, Rice and Field Crops Prom. Div., DOAE. Bangkok, Thailand 
Mr. Sompong Phctthong, Rice and Ficld Crops Prom. Div. , DOAE, Bangkok, Thailand 
Ms. Sunan Muuming, Rice and Field Crops Prom. Div., DOAE, Bangkok, Thailand 
Mrs.Phaaradi Chittrakaannathikit, Rice and Field Crops Prom. Div., DOAE, Bangkok, Thailand 
Mr. Chonnikarn Chankul, Rice and Field Crops Prom. Div., DOAE, Bangkok, Thailand 
Ms. Methinee Kecrakiat. Rice and Ficld Crops Prom. Div., DOAE, Bangkok, Thailand 
Mr. Somchit Chinno, Provincial Ext. Office, Kalasin, DOAE. Thailand 
Mrs. Nuttapom Jaruenjit. District Ext. Office, Naamon, Kalasin, DOA E, Thailand 
Mr. Chaipipop Yotachai, District Ext. Office, 1 luay Phueng, Kalasin, DOAE 
Mr. Thinnakorn Withayakorn, District Ext. Office, Sahatsakhan, Kalasin, DOAE, Thailand 
Mr. Nava Takraiklaang, District Ext. Officc, Donchaan, Kalasin, DOAE, Thailand 
Mrs. Anurat Srisura, Provincial Ext. Office, Nakhon Ratchasima, DOAE, Thailand 
Mr. Choosak Aksonvongsin, District Ext. Office, Daan Khun Thot, DOAE, Thailand 
Mr. Wirawudhi Kaewpreechaa, District Ext. Office. Daan Khun Thot, DOAE, Thailand 
Mr. Chatphon Wongkaow, District Ext. Office,Khanuworalakburi, Kamphaengphet, DOAE, Thailand 
Mr. Sanga Saengsuk, Provincial Ext. Office, Kanchanaburi , DOAE, Thailand 
Mr. Parinya Phaithuun, District Ext. Office, Lawkhwan, Kanchanaburi , DOAE, Thailand 
Mr. Sonsing Srisuwan, District Ext. Officc, Thcpsathit, Chayaphum. DOAE, Thai land 
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Mr. Numcha i Phonchua, District Ext. Office, Thatakiap, Chachoengsao, DOA E, Thailand 
Mr. Prayoon Kaewplod, Provincia l Ext. Office, Chachoengsao, DOAE, Thailand 
Mr. Sanit Taptanee, District Ext. Office, Nadi, Prachinburi , DOAE, Thai land 
Mr. Sanit Phuumphithayanon, Provincial Ext. Office, Chayaphum, DOAE, Thailand 
Mr. Banyat Yankaew, TTD!, Huay Bong, Nakhon Ratchasima, Thailand 
Mr. Preecha Petpraphai, TTD!, Huay Bong, Nakhon Ratehasima, Thailand 
Mrs. Supha Randaway, Land Development Dept. Bangkok, Thailand 
Mrs. Kittipom Srisawadee, Land Development Dept. Bangkok, Thailand 
Mr. Decha Yuphakdee, Land Development Dept. , Nakhon Ratehasima, Thailand 
Dr. Somjat Jantawat, Kasetsart University, Bangkok, Thailand 

Dr. Tran Ngoe Ngoan, Projeet Coordinator for Vietnam, Thai Nguyen Univ., Vietnam 
Dr. Nguyen The Dang, Thai Nguyen University, Thai Nguyen, Vietnam 
Mr. Nguyen Yiet Hung, Thai Nguyen University, Thai Nguyen, Vietnam 
Mr. Nguyen The Nhuan, Thai Nguyen University, Thai Nguyen, Vietnam 
Dr. Thai Phien, National lnstitute of Soils and Fertilizers, Hanoi, Vietnam 
Mr. Tran Minh Tien, National Institute ofSoils and Fertilizers, Hanoi, Vietnam 
Mr. Nguyen Hue, National lnstitute ofSoils and Fertilizers, Hanoi, Vietnam 
Mrs. Trinh Thi Phuong Loan, Root Crops Researeh Center, V AST, Hanoi , Vietnam 
Mr. Hoang Van Tat, Root Crops Researeh Center, V AST, Hanoi , Vietnam 
Mrs. Nguyen Thi Caeh, Hue University of Agrieulture and Forestry, Hue, Vietnam 
Mrs. Nguyen Thi Hoa Ly, Hue University of Agrieulture and Forestry, Hue, Vietnam 
Dr. Hoang Kim, Hung Loe Agríe. Researeh Center, lAS, Dong Nai , Vietnam 
Mr. Nguyen Huu Hy, Hung Loe Agríe. Research Center, lAS, Dong Nai, Vietnam 
Mr. Yo Van Tuan, Hung Loe Agríe. Research Center, lAS, Dong Nai, Vietnam 
Mr. Tong Quoc An, Hung Loe Agríe. Researeh Center, lAS, Dong Nai, Vietnam 
Mr. Tran Cong Khanh, Hung Loe Agríe. Research Center, lAS, Dong Nai, Vietnam 
Dr. Tran Thi Dung, Thu Duc University of Agríe. and Forestry, HCM, Vietnam 
Mrs. Nguyen Thi Sam, Thu Duc. University of Agríe. and Forestry, HCM, Vietnam 

Mr. Li Kaimian, Chinese Academy Tropical Agríe. Sciences, Hainan, China 
Mr. Huang Jie, Chinese Aeademy Tropical Agríe. Seienees, Hainan, China 
Mr. Y e Jianqiu, Chinese Aeademy Tropical Agríe. Scienees, Hainan, China 
Mr. Tian Y inong, Guangxi Subtrop. Crops Res. lnst. , Nanning Guangxi, China 
Mr. Li Jun, Guangxi Subtrop. Crops Res. lnst. , Nanning Guangxi, China 
Mr. Ma Chongxi, Guangxi Subtrop. Crops Res. lnst., Nanning Guangxi, China 
Mrs. Chen Xian Xiang, Guangxi Subtrop. Crops Res. lnst. , Nanning Guangxi, China 
Mrs. Pan Huan, Guangx. i Subtrop. Crops Res. Inst. , Nanning Guangxi, China 
Mr. Liu Jian Ping, Honghe Animal Husbandry Station, Mengzhe, Yunnan, China 

Mr. J. Wargiono, Central lnstitute for Food Crops, Bogor, Indonesia 
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Appendix 2 

List of Publications Resulting from the Second Phase of the Nippon Foundation 
Project 

Calkins. P. and V u Thi Thao. 2005. lnstitutional lmpacts of the Cassava Fanner Participatory Research 
and Extension Project in Thailand and Vietnam, 1993-2004. PRGA. CIAT, Cali. Colombia. 66 p. 

Dalton. T.J ., N. Lilja, N. Johnson and R. H. Howeler. 2005. lmpact ofparticipatory natura l resource 
management rescarch in cassava-based cropping systems in Vietnam and Thailand. CGIAR
PRGA Working Document No. 23. 27 p. 

Dalton, T.J., N. Lilja, N. Johnson and R. H. Howeler. 2007. lmpact of participatory natural resource 
managcmcnt research in cassava-based cropping systems in Vietnam and Thailand. in: H. 
Waibel and D. Zilbennan (Eds.). The lmpact of Natural Resourcc Management Teehnologies. 
CAB I, Walingfurd, UK. (in press) 
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Appeodix 3 

Table 1. Estimated in crease in gross income of cassava farmers in China, Thailand 
and Vietnam and in all of Asia as a result of increased cassava yields in 
2005/06 as compared to 1993/94. 

lncreased gross 
Total Cassava ~ield Yie1d Cassava income due to 

cassava area {tlha} mercase pnce higher yie1ds 
{ha} 1994 2006 {tlha} {$/tonne} {mil. US$) 

China!) 265,800 15.23 16.25 1.02 45 12.20 
Thai land 1,070,805 13.8 1 2 1.09 7.28 32 249.46 
Vietnam 474,800 8.44 16.25 7.81 35 129.79 

Asia total 3,673,235 12.93 18.24 5.31 36 702. 18 
l) Data from thc Chinese Ministry of Agriculture indicate much highcr yiclds and much greater area than the 

FAO data. 
Source: FAOSTAT. Feb 2008 
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Appendix 4 

Jntegrating Germplasm, Natural Resource, and lnstitutional lnnovations to Enhance 
lmpact : 

The Case of Cassava-Based C ropping Systems Research in Asia 

Executive Summary: C IA T -PRGA Impact Case Study 

Tim Puree// 
Apri/ 2004 

The CIAT Cassava Project, funded by the Nippon Foundation in Tokyo, Japan, was 
initiated in 1994. The objective of the project was to use Farmer Partic ipatory Research 
(FPR) methodology to test and develop with farmers the best practices to control erosion 
and maintain soil fertility in cassava-based systems in Asia, and to enhance the adoption o f 
these se lected technologies. The first phase o f the project ( 1994- 1 998) was conducted in 
Thailand, Yiet Nam, China and Indonesia in close collaboration with various research and 
extension organizations in those countries. The second phase ( 1999-2003) was designed to 
build on the FPR methodologies developed in the fi rst phase, and to use farmer 
participatory extension (FPE) methodologies to disseminate and enhance adoption of the 
best farmer selected practices. The second phase was implemented in collaboration with 
five research and extension organizations in Thailand, six institutions in Yiet Nam and 
three in China. 

At the end of the second phase in December 2003 the project was working in over 
23 pilot sites in Thailand, 25 pilot sites in Viet Nam, and 15 pilot sites in China15

• This is a 
considerable expansion from the 8 pilot sites across Thai land, Yiet Nam, China and 
Indonesia at the end o f 1998. In order to review the effectiveness of the project, an impact 
assessment exercise was carried out in 8 selected project sites in Thailand and Yiet Nam; 4 
in Thailand, 4 in Viet Nam, with an addit ional 8 adjacent non-project sites for comparison 
purposes. This report presents the results of that impact assessment exercise. 

Thi s impact assessment exercise examines the impact of the implemented FPR 
approaches on the adoption of cassava technologies by farmers in their own ft elds. Most 
importantly, this impact assessment exercise does not evaluare the impact of the FPR 
approaches on the adoption of (and results from) on-farm FPR trials, as this has been 
adequately covered by the Phase 1 evaluat ion report. 

The impact study looks at three broad categories of impacts: 
l . Adoption of 

a. new varieties 
b. fertilizers 
c. erosion control measures, and 
d . intercropping practices 

2. Impact on income and sustainability o f cropping system 
3. lndirect!Non-productivity impacts (e.g. human capital. env ironment and poverty 

1
' another 36 sites had been recently initiated, mostly in 2003, and were too "new" to be 

considered in this study 
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impacts) 

In addition to key informant interviews and focus group discussions, the field team 
surveyed 832 farm households across Thailand and VietNam using PRRA Survey forms. 

Any impact assessment exercise is difficult due to thc multitude of interaction 
effects and the difficulties in assigning causality and impact to any particular intervention. 
In the case of the CIA T cassava project it is made difficult due to the multiple paths of 
intervention that have been employed. The CIA T cassava breeding program from Cali has 
been working separately from the CIAT cassava project in S.E. Asia. Although gem1plasm 
from the breeding program has been distributed through the cassava project, it has also 
been disseminated directly and indirectly to national research institutions within S.E. Asia 
and then distributed through the various national extension agencies. While the cassava 
project has been working with sorne of these national research institutions and sorne of 
these national extension agencies, it has not been working with all of them, and not in al! 
sites where these extension agencies are promoting cassava technologies. 

As such, there are impacts due directly to the CIAT cassava project, directly to the 
CIA T cassava breeding program, and directly to the national research institutions and 
extension agencies. Acting in concert with these direct impacts is an overarching network 
of collaboration between the different agencies and with the CIA T cassava project. 

While this occurs with the physical technologies being promoted (varietal as well 
as hedgerow material), it is also the case with the "knowledge" technologies being 
promoted (fertilizer use, nutrient requirements, soil conservation concepts, cassava 
management methods etc), as well as with the mechanism of transfer and extension; the 
FPR and FPE approach. 

lt is important to note that this study does not evaluate the impact of the CIA T 
Cassava breeding program, the national research and extension institutions, or the CIA T 
Cassava Project operating as a capacity building and network-facilitating institution . The 
so/e purpose of this study is to evaluate the direct impact the CIA T Cassava Project has 
had on the adoption of cassava technologies by farmers in the project sites. 

In the context of the multitude of impact sources, it is difficult to evaluate the 
impact of the approaches and the technologies being promoted when the non-project 
villages are also potentially benefiting from improved extension techniques and improved 
technologies through the actions of the national extension services. Nevertheless, there are 
severa\ broad "conclusions" that come out of the impact assessment exercise; see the tables 
below: 

The adoption of new cassava varieties has been widespread; both due to the actions 
of the CIA T cassava project as well as through national research and extension 
organizations acting in concert with the project as well as through their own extension 
programs. The fact that the adoption of the new varieties has occurred through standard 
extension programs, and using standard extension methodologies, calls into question the 
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necessity of the FPR and FPE approaches in promoting the adoption of new varicties per 
se. Farmers are well aware of the "benefits" arising from increased yields and will a lways 
choose a higher yielding variety - everything else being equal. 

However, the use of FPR and FPE approaches is still val id and necessary for other 
purposes, and should not be discounted. 

Firstly, it is rare that two varieties differ only in their y ields. There are other factors 
such as starch content, growth habit, suitability for different uses (food or starch) as well as 
processing characteristics (such as thickness of peel , number of roots, ease of harvesting, 
breakabili ty of the root, etc.). Farmers may prefer one variety in one site due to their 
management practices and yet reject that variety in another s ite precisely for the same 
characteristics that made it desirable in the first site. 

Secondly, FPR and FPE approaches are necessary to demonstrate intangible 
benefits, or non-productivity benefits arising from particular cultivation practi ces; soil 
erosion control and green manure intercropping are good examples of these. Due to the 
long gestation periods between intervention and impact in the case of soil erosion control, 
farmers may not appreciate the extent of soil loss and the effect on soil fertility that comes 
with particular unsustainable practices. 

The yields from improved varieties have been substantia lly above those of 
traditional varieties. However, on-station research trials have indicated that the yield 
poten tia! of both types is not all that different. This contrasts greatly with the results of FPR 
trials which demonstrate vast differences in yields. There are two main reasons for this. 

Firstly, it is unclear that varietal trials have been done in isolation of improved 
management versus traditional management. Too often results are presented showing 
differences in y ields between traditional varieties and traditional practices versus improved 
varieties and improved practices. This is a false comparison and does nothing to identify 
the critica! factors underlying yield changes. 

Secondly, when attempts have been made to compare varietal differences with the 
same management system (represented often by the same level of fert ilizer application), the 
results show that the yields of the traditional varieties are significantly below the improved 
varieties. Again, this result is different from that obtained by yield potential trials on 
research stations; given enough inputs traditional varieties have the potential to produce 
just as high a yield as improved varieties. It is clear that the yield response curves for 
improved and traditional varieties are different, however, data on what those response 
curves are is seriously lacking. Ultimately, the true comparison of profitability of cassava 
production from local versus improved varieties should be carried out by comparing retums 
to investment, not comparing yields at identical costs. 

On an aggregate basis, soil conservation adoption has been rather high; given that 
not all sites have steep enough slopes to warrant soil conservation measures. Adoption is 
significantly higher amongst participants compared to non-participants (particularly those 
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who have attended training courses and field days). However, the types of soil conservation 
measures adopted are not really indicative of the impact of the project on conservation 
technology adoption; while the project empbasized hedgerow technologies in FPR 
demonstration plots and training courses, farmers chose to adopt contour ridging as the 
predominan! form of soil conservation measure. 

While the number of soil conservation technologies adopted has been greater in 
Yiet Nam than in Thailand, most farmers have either adopted vetiver grass hedgerows or 
contour ridging. In the case of the former, this has mainly been in Thailand rather than Viet 
Nam (who have adopted Tephrosia candida hedgerows instead), and the sustainability of 
hedgerow adoption appears to be weak. Vetiver hedgerows have had more adoption in 
Thailand dueto non-project effects - notably the promotion of vetiver by the Royal Family. 
In tenns of con tour ridging the adoption of this technology appears to be stronger, as there 
is less labor involved in this compared with establishing and maintaining hedgerows, as 
well as land not having to be set aside for hedgerows. 

While theoretically hedgerows require less labor once they have been established 
(compared with contour ridging which must be done every year at land preparation stage), 
PRA interviews suggest that in practice this is not the case. Farmers invariably need to 
continually maintain and re-establish hedgerows which are destroyed during harvesting 
(when the cassava is planted too close to the hedgerow), or destroyed by fire during the 
fallow period, or eaten by livestock (e.g. Paspa/um atratum and other palatable 
hedgerows) . When the cost of labor and the reduction in yield due to reduced density is 
taken into consideration, many farmers prefer to adopt contour ridging in preference to 
hedgerows. 

While the results are mixed, and vary across sites, there is no real evidence to 
suggest that (as a general statement) soil conservation adoption has had any effect on yields 
in farmers' fie lds. Soil conservation would be expected to reduce the rate of soil loss (and 
maintain soil fertility) so that while it would not be expected that there is an increase in 
yields, it would be expected that participants would have higher yields than non
participants (everything else being equal). However, there is no evídence from multivariate 
analysis that the yields between the two groups are significantly different. 

While it is evident from FPR trials that soil conservation adoption has an effect on 
soil retention and soil fertili ty over the longer term, these effects have not been evident (in 
terms of their effect on yields) when examining farmer adoption on theír own plots. Unless 
there are significant yield effects arísing from soil conservation adoption, the sustainability 
of the adoption process (for soil conservation technologies) is at best weak. One argument 
is that these effects need significant time lags in order to become evident, but the counter to 
that is that the project has been working in sorne si tes for over 1 O years and that if there had 
been effective adoption of soil conservation measures then this would ha ve shown up in the 
analysis. 

Project training courses have had a s ignifican! impact on intercropping adoption. 
However, the leve! of intercropping adoption has been limited, particularly in Thailand but 
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less so in Viet Nam. Despite higher retums from an intercrop system, most farmers do not 
wish to reduce their cassava yields in retum for increased benefits from intercropping. The 
labor effort and cost of establishing intercrops, while on a partial budget basis economical, 
does not counter the increased risk from intercrop failure and the seasonal labor constraints 
impacting on labor availability for intercrop establishment. In Viet Nam the results are 
slightly different, with more farmers adopting intercropping technologies, particularly 
groundnut and beans. With limited land area, farmers in Viet Nam are more willing to 
undertake intercropping than their Thai counterparts. 

Fertilizer adoption has been quite high, both in terms of chemical fertilizer as well 
as organic fertilizer (farm yard manure and green manure). In Thailand more project 
participants have adopted fertilizer than non-participants, while in Viet Nam there is no 
significan! difference in the number of people adopting fertilizer. The actual quantities of 
fertilizer used in Viet Nam are higher for participants, while in Thailand the opposite is 
true. Given the widespread adoption of fertilizer, there is sorne concem as to the impact of 
the project on fertilizer adoption. While the analysis does seem to indicate that being a 
participan! in the project does mean that you are more likely to apply fertilizer, discussions 
with farmers indicated that the primary motivation has been increasing incomes. 
Considering the high leve! of fertilizer adoption amongst non-participants, and the general 
increase in incomes for all farmers over time (particularly in Viet Nam), there is a concem 
that the impact of the project on adoption of fertilizer may not be all that significan! ( in 
comparison with an income effect). This is not to deny that the project has had a significant 
impact on fertilizer adoption - it clearly has - but rather to question the relative importance 
of such an impact. 

While there is a question as to the relative importance of the project impact on 
adoption of fertilizer, and the leve! of fertilizer applied compared with an income effect, it 
is clear that the project has had sorne significan! etTect on the type of fertilizer applied. 
Until farmers were educated as to the appropriate nutritional balance needed for cassava, 
they were happy to apply increasing quantities of phosphate-based fertilizers, or compound 
NPK fertilizers, rather than taking into consideration cassava requirements for nitrogen and 
potassium as well as micronutrients such as zinc. ln terms of extension of this knowledge, 
it is unclear whether conventional extension services could have achieved success due to 
the limited number of cassava specialists amongst national extension services. 

Poverty and gender play a role in the adoption of cassava technologies and changes 
in land area and cassava yields. Although the cassava project was not aimed at gender 
equality or poverty alleviation per se, the differential adoption of cassava technologies does 
illustrate that wealthier households are more likely to adopt new technologies (whether they 
be cassava or any other crop) than their poorer counterparts. Richer households and male
headed households are likely to have higher yields. If the project had exclusively targeted 
poor female farmers the indications are that there wou\d have been less impact than has 
been observed. Critically, the FPR approach self-selects farmer-researchers who are more 
willing to take risks and experiment, and have enough land to set aside for trials. This 
group of farmers is less likely to be found amongst the poorer and disadvantaged sections 
of the community. 
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China 

Photo l. Serious sheet and rill erosion after 
slopes were prepared by tractor for 
large-scale cassava production in 
Fangcheng county, Guangxi, China. 

Pboto 3. Much of cassava in Wuming county. 
Guangxi, China, is now grown on 
alternating strips of plastic mulch 
to reduce weeding and increase yields. 

Photo 2. Poor cassava growth on 
eroded slopes in Fangcheng 
county, Guangxi, China. 

Photo 4. Plastic mulch laíd out along the 
contour may also help to reduce 
soil erosion in Wuming county, 
Guangxi, China. 
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Photo 5. Y e Jianqiu ofCATAS explains to farmers 
how to plant vetiver grass contour 
hcdgerows to control erosion. 

Photo 7. Li Kaimian of CATAS extablished an 
excellent relationshíp with farmers in 
Kongba village. Hainan, which resulted in 
the selection and release of two new 
high-yielding varieties. 

Photo 6. Huang Jie of CATAS shows farmers the 
importance of fertilizer application lo 
increase cassava yields. 

Photo 8. OMR 33-1 0-4, selected by farmers 
in Kongba village, was later released 
by CATAS as SC 6. 



Photo 9. Large-scale planting ofthe newly 

released variety SC 5 in Tunchan 
county Hainan, China. 
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Photo 11 . In pineapple plantations on steep slopes 

in southem Yunnan. China. contour 
hedgerows of close!y spaced cassava 
are used to control erosion. Only cassava 
tops are harvested regular! y for silage 
making and pig feeding. 

Photo 1 O. A vetiver grass hedgerow planted 
on a farmer's field in Kongba village, 

Hainan, China, resulted in terrace 
fom1ation one year after planting. 

Photo 12. Cassava tops are chopped up in 
a simple electric chopping machine 
before ensiling for pig feed in 
Pingbian county. Ynnnan, China. 
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Photo 13. Mr. Ohno and Mr. Kentaro Ogiue of the 
Nippon Foundation visit cassava 
experiments at CATAS in January 2003. 

Photo 15. This farmer prefers SC 5 ..... 100%! 

Photo 14. Fanners are very happy with the high 

yields obtained with the new variety se 7. 

Photo 16. Farmers and researchers are dancing 
together to celebrate the national 
holiday .......... and their high 
cassava yields. 
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Thailand 

Photo l. Landscape ofrolling hills in Wang 
Nam Yen district, Sra Kaew, Thailand 
with only green cassava fields during 
the dry season. 

Photo 3. Gully erosion remains a serious problem 
in cassava fields at ITDl Center in Huay 
Bong, duelo poor water infiltration through 
a compacted subsoil. 

Photo 2. Serious sheet and gully erosion 
after heavy rains at TTDI Research 
and Development Center in Huay 
Bong, Thailand. 

Photo 4. Severe erosion in sandy soils of Phoochai 
district, Roy Et, Thai land, washed out a 
large part of the cassava field. 



Photo 5. Gully erosion starts wben excess runoff 
breaks or goes around vetiver barriers 
planted without protection across 
natural drainage ways. 
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Photo 7. Cassava intercropped with jackbean 
(Canavalia) used as green manure in FPR 
demonstration plots in TTDI, Huay Bong. 

Photo 6. Incredible gully erosion in cassava 
fields in Panglagore, Sri Kiew, Nakbon 
Ratchasima, Thailand. 

Photo 8. Tephrosia candida hedgerows are a 
new option shown in demonstration plots 
at TTDI Research and Development 
Center in Huay Bong, Thailand. 



235 

Pboto 9. Farmers form Nong Kae village in 
Kanchanaburi cvaluate the treatments in 
erosion control demonstration plots at 
TTDI, Huay Bong, Nakhon Ratchasima. 

Photo 1 1. FPR erosion control trial 
showing severe soilloss in 
thc check plot in Say Yook 
district, Kanchanaburi. 

Photo 1 O. Farmers and project staff listen to a 
farmer explaining his treatments in 

an FPR erosion control trial in Baan 
Poong district of Ratchaburi. 

Photo 12. A farmer in Thammarat village, Chonburi, 
shows visiting farmers and project staff 
his FPR erosion control trial. 
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Photo l 3. Another fam1er in Thammarat village. 
Chonburi. shows the response to 
fertilizers in his FPR fertilizer tria!. 

Photo 15. Rayong 72 in an FPR variety tria! in 
Phuu Khaw Thong village in Roy Et. 

Photo 14. A farmer harvests pumpkins from 
onc of hcr plots in an FPR eros ion 
control tria! in Phoochai district. 
Roy Et. Thailand. 

Photo 16. Field day al harvest of FPR trials in 
Huay Pueng district of Ka las in. Thailand. 
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Photo 17. Fanners evaluating treatments in FPR 
trials during a fíeld day in Law K.hwan. 

K.anchanaburi, Thailand. 

Photo 19. A well-established contour hedgerow 
ofvetiver grass trapped large amounts 
of eroded soil sedimeo.ts in K.aeng 
Dinso, Prachinburi. 

Photo 18. The deep and extensive root system of 
vetiver grass provides excellent anchorage 

to withstand strong runoff currents and to 
trap eroded sediments. 

Photo 20. A vetiver grass contour hedgerow trapped 
enough sediments to result in a 50 cm high 
natural terrace in Kaeng Dinso subdistrict 
of Prachinburi. 



Photo 21. Soil bags anchored with sticks and 
placed across the gully trap soil 
allowing the replanting of vetiver 
grass in the sediments. 
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Photo 23. Farrners are desperately look.ing for simple 
and effective ways to prevent gully erosion 
in their cassava fields in Nong Kungsri, 
Kalasin. 

Photo 22. Farmers and an extensionist in Nadi 
show how the sandbag plus vetiver 
system has trapped soil in a fonner 
gully about 1 Yz years after establishment. 

Photo 24. One year after the construction of a soil 
bag barrier and the subsequent planting of 
a vetiver grass bedgerow has resulted in 
natural terrace formation within the gully 
in Nong Kungsri, Kalasin. 
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Photo 25. Runoff water concentrated in a natural 
drainage way has completely removed 
all topsoil exposing an infertile and 
compacted subsoil in Khut Dook village, 
Nakhon Ratchasima, Thailand. 

Photo 27. Vetiver hedgerow planted across former 
gully above the soil bag barrier now helps 
to trap large amounts of eroded soil, slowing 
water flow and reducing erosion. 

Photo 26. Repair of gully in Khut Dook, one year after 
placing soil bags across gully and planting 
vetiver in eroded sediments accumulated 
above the barrier. 

Photo 28. Excellent growth and yield of 
cassava in Nadi, Prachinburi, 
through active collabaration 
between farmers and the 
local extensionist. 



Photo 29. Over one thousand fam1ers, school 
children and goverrunent officials 
attended a project fleld day in 
K.hut Dook village, Thailand. 

Photo 3 1 • During the field day a farmer from 
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K.hut Dook village cxplains the results 
ofbis FPR trials to other visiting farmers. 

Photo 30. School children admire and take notes 
about sustainable cassava production and 
utilization during a field day in Kbut Dook, 
Thailand. 

Photo 32. The president ofthe "Cassava Developroent 
Village" in Kbut Dook welcomes farmers 
from a new site during a cross-visit. 
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Photo 33. Vetiver grass contour hedgerows to 

control erosion in Khut Dook, Nakhon 
Ratchasima province, Thailand. 

Photo 35. Cassava fields (in background) with 
contour hedgerows of vetiver grass to 
control erosion in Wang Sombuun 
district, Sra Kaew, Thai land. 

Photo 34. Cassava fields in Khul Dook, Nakhon 

Ratchasima, with vetiver hedgerows to 
reduce erosion. 

Photo 36. Excellent growth ofncw cassava varieties 
for stem multiplication in Say Yook district , 
Kanchanaburi, Thailand. 
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Photo 37. Canavalia ensiformis is intercropped 

between widely spaced cassava in Wang 
Nam Yen. Sra Kaew. Canavalia is grown 

as green manure and for sale of seed. 

Photo 39. Video, CD and various training manuals 
and extension booklets produced as part 
ofthe Nippon Foundation project. 

Photo 38. Members of"Cassava Developrnent 
Village" in Law Khwan, Thailand. 

with researchers and extensionists 
during field day. 

Photo 40. Mrs. Wilawan Vongkasem receives thc 
King ofThailand Vetiver Award from HRH. 
Princess Maha Chakri Sirindhom in Aug 2003. 
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Vietnam 

Photo 1 . Cassava after slash-and-burn in 
Binh Phuoc provioce, southwest Vietnam. 

Photo 3. Before the start ofthe project, cassava was 
grown in monoculture on steep slopes 
leading to severe erosion in Kieu Tung 
commtme of Phu Tho province. 

Photo 2. Well-managed cassava grown 
on slopes in An Binh commune, 
Yen Bai province ofnorth Vietnam. 

Photo 4. Looking uphill. Serious sheet 
and rill erosion in cassava 
grown on 40% slope in Kieu 
Tung, Phu Tho, Vietnam. 
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Photo 5. Poor cassava and serious sheet and rill 

crosion in fields wherc improved practiccs 

have not yet becn adopted in Thong Nhat 

commune of Phu Tho provincc. 

Photo 7. Weed control trialusing plastic mulch 

at Hung Loe Agric. Research Center, 

Dong Nai. in south Vietnam. 

Photo 6. Wcll managed crosion control experiment 

in Hung Loe Ccnter in Vietnam. Vetiver 

hedgerows provide in-situ mulch. protecting 

thc soil from rainfall splash. 

Photo 8. Farmers from a new pilo! site visit FPR 

erosion control demonstration plots at 

Thai Nguyen Univcrsity. 



Photo 9. Fam1ers become aware ofthe 

seriousness of soillosses by 
erosion once they see thc eroded 
soil in check plots of FPR erosion 
control trials. 
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Photo 1 l. A farmer in Yen Binh district ofYen Bai 
province shows his FPR erosion control 
trial wi th KM 94, intercropped with 
peanut and hedgerows of vetiver grass 
and Paspalum afrafum (in back). 

Photo 1 O. FPR eros ion control trial in Baria-Vungtau. 
Severe erosion in check plot (fro~t); little 
erosion with vetiver hedgerows (back). 

Photo 12. FPR erosion control tria! in Dong Rang, 
Hoa Binh, using cassava intercropped with 
peanut and con tour hedgerows of vetiver 
grass and Flemingia macrophylla 
(on lower slope). 
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Photo 13. FPR erosion control tria\ in Dong Rang, 
Hoa Binh province. Without hedgerow 
(front) there are serious soillosses: almost 
none with vetiver hedgerows (back). 

Photo 15. An all-women farmers group in Nhu Xuan 
district, Thanh Hoa province, conduct an 
FPR soil erosion control tria!. 

Photo 14. Con tour hedgerows of vetiver grass 
provide in-situ mulch and trap eroded 

soil sediments to forrn natural terraces in 
Dong Rang commune, Hoa Binh. 

Photo 16. Terrace formation by soil accumulating 
above a contour hedgerow of 
pineapple+vetiver grass in an FPR 
erosion control tria! in Hong Ha 
conunune in Thua Thien-Hue. 



Photo 17. After conducting nine years of this 
FPR erosion control trial , contour 
hedgerows of Tephrosia candida 
have resulted in one-meter high 

terrace risers in Kieu Tung village 
of Phu Tho province. 

Photo 19. Farrners evaluate treatments in an FPR 
erosion control trial in Thong Nhat 
conunune, Phu Tho, Vietnam. 
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Photo 18. Researchers, extensionists and farmers 
observe the soilloss by erosion in each 

treatment of an FPR eros ion coutrol tri al 
in Pho Yen district , Thai Nguyen. 

Photo 20. After visiting all FPR trials in Kieu Tung, 
Phu Tho. farrners discuss results 
during the field day at harvest. 
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Photo 21. A young contour hedgcrow of Paspa/um 

arratwn in Thuong Atn commune of Son 

Duong district, Tuyen Quang. Vietnam. 

Photo 23. In Van Yen district ofYen Bai province 

o ver 1000 ha are now planted with new 

cassava variet ies and double hedgerows 

of Tephrosia candida to control erosion. 

Photo 22. Two years after establishment. a mixed 

hedgerow ofvetiver and Tephrosia has 

resulted in s ignifican! terrace formation in 

Son Duong, Tuyen Quang. Vietnam. 

Photo 24. In Van Yen districl of Yen Bai province 
cassava is grown on very steep slopcs with 

contour hedgerows of Tephrosia cundida. 



Photo 25. Excellent growth of KM 94 on very 
steep slopes with con tour hedgerows 
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of Tephrosia candida in Mau A commune, 
Van Yen district ofYen Bai. 

Photo 27. Adoption oftwo new high-yielding 
cassava varieties in Thach That 
district of Ha Tay province. 

Photo 26. Frumers in Nhu Xuan district ofThaol1 Hoa 
province selected pineapple hedgerows to 
control erosion as it also provides salable 
fmits. 

Photo 28. Minority people that used to harvest 
about 1 O t/ha are now getting 30 t/ha 
with new varieties, fertilization, 
intercropping with peanut and 
contour hedgerows in Van Yen 
district. Yen Bai. 



250 

Photo 29. Large-scale multiplication field of 
KM 94 in Lac Son district of Hao Binh 
province where a new cassava starch 
factory will be built. 

Photo 31. A farmer in An Binh commune in 
Van Yen, Yen Bai, harvesting peanuts 
intercropped in her cassava field. 

Photo 30. lntercropping cassava with 
black bean in Suoi Rao commune, 
Baria-Vungtau, Vietnam. 

Photo 32. A farmer in An Binh commune, 
Y en Bai, carries home peanuts 
intercropped in cassava and Paspalum 
forage cut from contour hedgerows to 
feed her family and water buffalo. 
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Photo 33. Many farmers in Huong Van commune in 
Hu e ha ve adopted the feeding of pigs 
with ensiled cassava leaves as 
a protein source. 

Photo 35. A farmer participating in the FPR trials 
is interviewed for TV in Son Duong 
district, Tuyen Quang, Vietnam. 

Photo 34. Young pigs in Huong Van commune 
in Hue being fed with ensiled cassava 
leaves. In back, the underground tank 
to convert pig manure into biogas. 

Pboto 36. New cassava starcb factories are being 
built all over Vietnam to supply the 
increasing demand for starch and 
starch-derived products. 
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Photo ~7 . Additional income from higher yields 
of cassa\·a allow fam1ers in Thong Nhat 
communc in Phu Tho to buy ncw 
motorcyclcs and construct new homcs. 

Photo 39. \Vith the adoption of new varieties in 
Nam Dong district of 1 lue therc is 
a lot more cassava to carry. 

Photo 38. A fanner in Thong Nhat distric::t of 
Dong ai provincc drics his cassa\ a chips 
in fron t of his llC\\ ··cassa\·a house··. 

Photo 40. Mr. Kcntaro Ogiuc of thc Nippon 
Foundation addrcsscs lhc participants 
of thc End-of-Projcct Workshop 
in Thai Nguyen in Oct 2003. 


