Farmer participatory approach to technology development and transfer of technology- Control of taro (colocaseae esculenta L) leaf blight (Phytophthora colocaseae) in Samoa.
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Abstract

In the South Pacific there are a large number of small island nations like Samoa with small population scattered over vast ocean areas having very limited resources are endeavoring to sustain agriculture production. Taro leaf blight (Phytophthora colocasiae) had almost devastated total taro industry, the staple food in Samoa, in 1993; however, with use integrated pest management techniques with diversified holistic approach in implementing the strategies has enabled Samoa to reestablish the taro industry on a much broader base.

The paper describes the breeding techniques and farmer participatory approach Samoa took to rebuild the taro industry in Samoa. The methodology taken by Samoa to control taro leaf blight could be used for other crops in development and transfer of the technology.  

Introduction

Agricultural development and the management of natural resources are central to the economies and peoples of the South Pacific island nations. However, the opportunities for economic growth and development of the Pacific Island States are severely constrained by the small size of their land, the small populations and limited internal markets, and their potential export markets. The national disaster such as the devastating attack of taro leaf blight (TLB) caused serious hampering of food supply, source of income for farmers, social structure, decline in export earnings, and caused malnutrition in Samoa where taro was not only their staple food but it had significant economic and social role (Umar, 2001).

The South Pacific countries are separated by vast distances, with small populations and varied cultures and ethnic background. Approximately 2 million people live in the sixteen other countries apart from Papua New Guinea with a total area of 1.9 million kilometers

(Eyazagulrre and Sivan, 1991). Samoa has a population of about 160,000 (Muagututia, 2001).

{ We would like aknowlegde Danny Hunter head of TAROGEN project in the Pacific for valuable contribution to the texts on taro breeding.}

The small size and isolation of the South Pacific countries pose many constraints to agricultural development and production on which all the islands are largely dependent on for food and export earnings. With very limited resources, the islands are endeavoring to produce a range of agricultural commodities to meet local food needs and secure foreign exchange earnings for development ( Dolman, 1984).  

Taro (Colocasia esculenta(L) is an edible aroid which occurs wild and is cultivated in SE Asia. There are now thought to be approximately 2000 varieties found in the Pacific region extending from of Thailand to the South of Cook Islands (Hunter et al 1998). Leaf blight of taro, caused by Phytopthora colocasiae Racib, is the most serious fungal disease affecting taro especially in the Pacific Islands. Taro leaf blight was first recorded in Samoa in 1993. Prior to the outbreak of taro leaf blight, taro was most important food crop in Samoa. It was grown year round in the wetter parts of the country covering a total annual area of 18211 hectares (Agricultural survey, 1989). Although 90% of taro was consumed locally, it was increasing in importance as an export crop for Samoan farmers. . In fact, it had become the major export crop replacing cocoa and coconut, which were both badly affected by cyclones in 1990 and 1991. The combined total for taro exports in 1991 and 1992 was US $4.5 million while for 1993 alone it was estimated at US$3.5 million which represented 58% of exports that year (Hunter et. Al. 1998). 

Taro is a crop with prestige and significance in the Samoan cultural context with great importance as a presentation on formal occasions. Given its cultural, dietary and economic importance taro was the most important plant in the country. Initial efforts by the Ministry of Agriculture, Forestry, Fisheries and Meteorology (MAFFM) in Samoa to contain the disease involved a wide scale fungicide spraying program, cultural control, a public awareness campaign and quarantine efforts to minimize the movement of infected planting material on the island of Upolu and nearby islands. This had little impact and by the end of 1993 the disease had spread throughout the country. By April 1994 supply to the local market of taro had virtually ceased, declining from a peak of about 23,000kg supplied in July 1993 (Hunter et.al. 1998). 

Integrated Control Measures of Taro Leaf Blight

This catastrophic effect on the nation of Samoa necessitated MAFFM to explore alternative approaches to the management of the disease. In 1995 MAFFM, in conjunction with the Western Samoa Farming Systems Project (WSFSP), initiated a program to evaluate exotic cultivars (Hunter and Pouono, 1998), while cultural, preventive and chemical control measures continued.

With rigorous effort made by the farmers, Samoan government and regional agricultural organizations with holistic approach to TLB control measures has now significantly improved the taro industry in Samoa since 1994. The average supply of taro in local market during the year 2001 increased from virtually nil in 1994 to an average supply of 8160 pounds per month (Central bank of Samoa report, 2001)
A taro breeding program for resistance to leaf blight commenced in 1996. Breeding blocks of taro were established in Samoa in 1996 at USP Alafua campus. Successful crosses were made utilizing PSB-G2, Niue, Pwetepwet, Alafua Sunrise, Toantal, Putemu, and Tusitusi . The taro breeding program is continuing through an Aus AID funded regional project: Taro Genetic Resources: Conservation and Utilization (TAROGEN). 

Horizontal Resistance

Some of the above cultivars have some resistance to TLB, but they are not the final answer to improved taro production in Samoa. They can suffer considerably from disease in the wetter parts of Samoa and require regular inputs of fungicides. In order to improve taro production in Samoa there is a strong need to improve the level of horizontal (sustainable) resistance to TLB. Horizontal resistance is based on broad gene combinations and it results from many different resistance mechanisms. It is quantitative in both its inheritance and its effects. It is often referred to as durable resistance since it is long lasting resistance. This type of resistance differs significantly from vertical resistant, which is normally controlled by single genes. Vertical resistance is sometimes referred to as temporary resistance as it is frequently overcome by mutations in the pathogen causing the disease. A breeding strategy using horizontal resistance has continued in Samoa since 1996. 

The available evidence indicates that all taro cultivars in Samoa have some levels of horizontal resistance. These levels now has been greatly improved by a suitable breeding program using a horizontal breeding strategy. The horizontal resistance involves dealing with polygenes and we are concerned with changing gene frequencies (increasing the number of polygenes) and not the transfer of specific genes. The approach is often called population breeding and the technique of mass selection is used. Robinson ( 1987) uses the analogy of a jigsaw puzzle to describe the principles involved. The polygenes are pieces of the jigsaw and every piece is different from the other. Each plant contains different polygenes and the frequencies can be increased by crossing susceptible plants. The jigsaw is only finished when it is completed with every individual piece in place. Like wise, horizontal resistance is complete when every polygene is in place in one single plant. Breeding for horizontal resistance is accumulative and progressive. With each successive breeding cycle the levels of horizontal resistance are increased. Recognition of the need to improve the level of resistance that exists in taro cultivars in Samoa has prompted staff and students at Alatua Campus to form a Taro Breeders Club. 

Taro Breeders Club

The first horizontal resistance breeding club in the world was started in 1995 at a University in Mexico (Robinson, 1997).  The club at USP will ensure that there are many hands to do breeding work and will result in an increased breeding activity. It also represents an innovative approach to teaching and learning. There are many other advantages and benefits of breeders clubs and these are summarized by Robinson ( 1997).
The taro breeders group consists of  dedicated students at the university , scientists and innovative farmers who are targeting to produce new cultivars with higher level horizontal resistance that will reduce the need for farmers to apply fungicides, have high yield and better quality. The members of the club are scientists, extension workers, farmers and students. The club has recently made three cycle of successful crosses between taro cultivars from FSM, Philippines Palau and selected clones of cycle1 and cycle 2 crosses. The progenies are being evaluated for leaf blight resistance. The club has also initiated a major breeding block based on a broad genetic base using local and exotic cultivars and seedling clones selected from previous crosses. The breeding strategy adopted has provided and will provide abundant progeny for future evaluation and increase horizontal resistance to taro leaf blight in Samoa. 

USP Taro Breeders Club has continued to make crosses between suitable parents, identified by farmers and researchers, to produce progeny for evaluation by farmers. Farmers are involved in identifying progenies that adaptable to their location e.g. has better resistance to leaf blight. These progenies are fed back into the taro breeding program at Alafua Campus. This process has ensured that levels of horizontal resistance in taro progeny are increased at every breeding cycle. Ultimately a range of improved taro cultivars will be available to farmers with high levels of horizontal resistance, genetic diversity and adaptability to different locations. The participatory approach to plant breeding involving the farmers, students and scientists has helped to solve national crisis of disease control with greater long term sustainability. 

Participatory Varietal Selection

There are also benefits from farmer participation in breeding programs and cultivar evaluation. In developing countries most of the cultivars grown by farmers are old and only a few of the released cultivars are widely grown. It is thought that this is because farmers have often not been exposed to acceptable alternatives to their traditional cultivars (Witcombe et aL, 1996). If adoption rates are to be improved farmers need to try a wide range of novel cultivars in their fields through their involvement in cultivar evaluation programs This is commonly referred to as participatory varietal selection or PVS. There are a growing number of examples of successful PVS programs that have involved farmers in the identification of superior cultivars in India (Maurya et aL, 1998; Weltzien et aL, 1996), Rwanda (Sperling et aL, 1993), Narnibia (Witcombe et aL, 1996, Andes South America (Thiele et al, 2001). 

PVS involves farmers in the selection of finished products or cultivars. By contrast farmers have also been involved in the selection of progenies from breeding programs. This is a logical extension of PVS and is frequently referred to as participatory plant breeding or PPB. PPB can also exploit the results of PVS by using the identified cultivars as future material for future crosses. There are few documented cases of PPB methods. Sthapit et aL 1996) describe an example of PPB for rice in Nepal where farmers were willing participants and made successful selections of progeny which increased the bio diversity in rice in two participating villages. A similar success has been described in the Philippines (Salazar, 1992). The approaches and methodology of PVS and PPB have been reviewed by Witcombe et aL ( 1996). Recent work at Andes (Thiele et al. 2001) in South America has shown that Farmer Field School (FFS) has: helped farmers to learn principles of integrated pest management of late blight, high economic return to training in management of late blight and farmers are very enthusiastic in evaluation of new cultivars.

In Samoa the participatory evaluation of cultivars has been of great interest among farmers seeking taro cultivar that has resistance to TLB, gives high yield, earlier maturity, better eating quality and lower rate of deterioration of tuber after harvesting. Since the commencement of varietal evaluation since 1996 about ten taro cultivars has been commercially accepted by farmers. Under traditional breeding programs it would have taken more than ten years before such releases could be made.

The time taken to get resistant cultivars to farmers has been greatly reduced.

Also Samoa experienced enhancement in transfer of disease management skills and access of disease resistant cultivars through the farmer participatory approach in cultivar.

Through their own experiences farmers have adopted their own strategy of integrated pest management ( Aaron et al. 1999) .  FFS provide an excellent means by which farmers can learn about the underlying causes of plant disease (Sherwood and Bentley, 1995). FFS also offers the opportunity to teach farmers about other areas of disease management that they do not understand such as disease resistance.
Farmer involvement in breeding has two main advantages. Firstly, farmers can readily identify progeny that are suitable for their location. Secondly, the identified material will be used as parents in future breeding cycles. As the breeding cycles progress the levels of horizontal resistance increase. PPB has a number of advantages compared to conventional breeding. One of the most important is that genotype X location interactions are greatly reduced because selection is always in the target area. With horizontal resistance this is very important and can be observed with the cultivar PSB-G2 in Samoa. It performs well in dry areas but in wet areas it can be affected severely by leaf blight. There is a need for additional cultivars capable of coping with TLB in these types of environments. PPB also reduces the demand on research station land and costs. a major constraint at Alafua. Most importantly PPB ensures that all traits of relevance to farmers are evaluated. Both PPB and PVS also ensure that cultivars get to farmers quickly. In conventional plant breeding this can sometimes take up to 10 years. 

They also offer the opportunity for researchers to learn about farmers local knowledge. A combination of FFS and farmer participation in breeding and cultivar selection provides an ideal opportunity to rapidly improve taro production in Samoa. 

Taro Improvement Project

A combined effort by AusAid, SPC,  MAFFM, TAROGEN, and USP in collaboration with farmers in Samoa were able to select and distribute improved taro cultivars so that the genetic base available to growers is increased. The project commenced in 1999 empowers  farmers to improve taro production themselves. The improved taro cultivars will also be used in on-going breeding activities at Alafua Campus, Nu’u and farmers evaluation sites. Diversifyng the genetic base of taro in Samoa is fundamental to sustainable taro production.

Breeding Cycle 1 selections

Initial crosses were made by Sivan (1998) from the selected exotic promising varieties showing some degree of TLB tolerance. Ten promising clones from these crosses were evaluated by MAFFM at Nu’u and farmers field at Siumu. Three of the promising clones has been recommended by MAFFM for commercial plantings (AusAID/SPC Annual Report, 2000). Up till now 6 clones has been named and recommended.

Breeding Cycle 2 Selections

Crosses were made by staff and members of the USP breeders club 1998/99. The parents consisted of selected varieties from Palau, Federated States of Micronesia (FSM), Phillipines, and selected cycle 1 clones. About 2000 plants were evaluated under farmers field conditions from the selected clones. Also screenings of the progenies were made by USP and MAFFM (AusAID/SPC Annual Report,2000), Twenty Five promising clones selected from cycle –2 were used as parents for cycle 3 breeding. Further ten clones will be multiplied for on farm evaluation by farmers.

Breeding Cycle 3 Selections

Selected clones from cycle 1 and cycle 2 including Palau 10 and local cultivar Niue were included in the breeding cycle 3. About 5000 seedlings are now being evaluated under farmer’s field conditions. Seedlings selected from these programs will be used in for further breeding program.

Conclusion

It is imperative that the success of major research targeted to solve major national crisis as in case of Samoa a broad base policy framework is required integrating pools of resources available in holistic manner incorporating various interest groups involved in development of the technology and including the user of the technology (farmer). The use of integrated pest management technique and the expertise available with pooling of very limited resources has helped the island nation in redevelopment of devastated taro industry on a more diversified sustainable base. Concentrating on environmentally and ecology sound strategies of disease control is a very positive dimension in the agrarian reformation in the fragile island nations. Use of horizontal taro breeding techniques with innovative farmer participation methods will help to diversify the genetic base of taro ensuring greater security of supply of Samoans most prestigious cultural and staple food. Similar techniques could be applied to other crops in the South Pacific region including Samoa to increase food security in the region.
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