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Abstract

In the last ten years, the International Potato Center (CIP) and national partners in Asia have developed and introduced technical innovations for optimizing use of sweetpotato as feed resource.  Key outputs include improved animal feed practices -- adapted to the small-scale and resource-poor systems of  pig raising in Vietnam and cattle raising in the Philippines.

Within this collaborative effort, CIP’s Users’ Perspectives With Agricultural Research and Development (UPWARD) Program facilitated the development and piloting of two participatory farmer training approaches: 1) farmer-to-farmer training in Vietnam, and 2) farmer field schools in the Philippines. Both approaches employ principles and methods in participatory, group-based and experiential learning. The former relies on local farmer-trainors while the latter works mainly through the formal extension service. 

In both countries, project monitoring and evaluation tracked learning processes and outcomes during training implementation. In succeeding animal-growing seasons, post-training evaluation was carried out to determine how farmers’ improved knowledge have led to changes in farmers’ practice and income.
Based on the Vietnam and Philippine cases in sweetpotato feed utilization, the paper discusses lessons in conceptualizing and assessing impact pathways – from research and training outputs to behavioral and livelihood outcomes.  It concludes that an income-focused, uni-linear concept of “impact” achievement is inadequate for capturing outcomes of participatory farmer training. Instead, “impact” can be more appropriately viewed as the emergent property of mutually reinforcing livelihood outcomes, with the latter defined as improvements in the types of livelihood assets managed by farming households.
I.  Enhancing Sweetpotato Feed Utilization for Smallholder Animal Production 

In many parts of the world, sweetpotato is popularly – but almost exclusively known -- as a food crop. In Asia, it is also widely utilized as animal feed by poor farming households. Sweetpotato roots and vines are among the local feed resources which smallholder animal growers rely upon, especially as low-cost and readily available alternative to commercial feed products.

In Vietnam, rice is the mainstay of food production but animal production, especially pigs, is the most important ‘cash crop’ for Vietnamese farmers. Farmers typically raise 2 to 4 pigs per year on farm-grown feeds, crop residues and households wastes.  In northern and central Vietnam, root crops like sweetpotato and cassava are the most important crops grown specifically for animal feed. These commodities are very efficient at producing carbohydrates and can give high yields on Vietnam’s small farms.  Sweetpotato also is valued as a fodder crop, with vines and leaves fed to pigs for their high protein content. 
Similarly in the Philippines, animal production serves as security measure for farmers who invest in rice production. With natural disasters a perennial cause of crop losses, farmers turn to animal production as insurance for generating cash income even during a poor rice harvest. In the same manner, sweetpotato’s hardy and low-input character makes it an important low-risk cash crop. In Central Luzon region, beef cattle fattening is closely linked with rice and sweetpotato farming. Crop residues and by-products become readily available feed resource for cattle raising. During the cattle fattening season, sweetpotato vines and non-marketable roots serve as the major feed. 
Since 1997, the International Potato Center (CIP) and national partners have undertaken collaborative research to develop technological innovations for improving sweetpotato feed utilization by smallholder animal producers (Table 1). The overall goal is to increase farmers’ income by improving efficiency in animal production, i.e. increased weight, reduced feed input costs and shorter animal-raising period. 
In Vietnam, participatory technology development focused on three key areas for potential pig feed improvement: 1) sweetpotato selection for varieties most suited for pig feed, 2) sweetpotato root and vine processing to improve nutritional value, and 3) improved pigfeeding and management to enhance growth efficiency. A key research activity was the series of feeding trials conducted with seven pig-raising households in Thai Nguyen province (Peters et al, 2005).  In 2001, research results were synthesized into a technical guide (Peters et al, 2001) as a first step toward farmer dissemination on improved sweetpotato feeding practices.

Similar participatory on-farm trials were conducted for sweetpotato cattlefeed in the Philippines. Technological innovations focused on balanced  sweetpotato-based feed rations, specifically on: 1) substituting sweetpotato for maize (Garcia and Adion, 1996), and 2) utilization of sweetpotato and other farm residues (Adion et al, 1998). Feeding trials were conducted with eight households involved in beef cattle raising in Tarlac province.
Table 1. Key innovations developed through participatory technology development
	Technologies
	Sweetpotato pigfeed (Vietnam)
	Sweetpotato cattlefeed (Philippines)

	Sweetpotato varietal selection 
	4 dual-purpose varieties selected
	--

	Use of other local feed resources
	Cassava roots and leaves, groundnut vines, vegetables
	Forages, rice straw, corn stovers, sugarcane tops, weeds

	Feed processing 
	Ensiling sweetpotato and other local feedcrops
	Ensiling sweetpotato crop residues and farm by-products

	Feed utilization
	Formulation of nutrient-balanced rations for pig fattening, feeding management
	Formulation of nutrient-balanced rations for cattle fattening, feeding mgt


Sources: Tinh et al, 2007; Adion et al, 2007
II. Disseminating Sweetpotato Feed Innovations Through Participatory Farmer Training 
In both Vietnam and the Philippines, public-sector agricultural extension mainly serves cereals and high-value crops farming. Sweetpotato and other so-called secondary crops are rarely covered. Where there is available extension support for animal production, this is generally in the form of health and veterinary services. With the weak public-sector extension support to both sweetpotato production and animal feed improvement, it became necessary to explore alternative dissemination mechanisms for sweetpotato animal feed utilization (Table 2).
Capitalizing on local social networks in Vietnam, a farmer-to-farmer (FTF) training approach was developed in 2001. Several organizations– either indigenous or government-induced – normally exist at the commune level; these include associations for war veterans, women and youth. FTF makes use of farmer-trainers who conduct training activities for groups of pig-raisers in their local communities. The FTF is synchronized with the sweetpotato production and pig-feeding season from August to January. It has a total of four training days, plus informal field monitoring and cross-farm visits. 

The Philippines is one of the acknowledged pioneers in the farmer field school (FFS) approach, which was first introduced for rice and vegetable production. Farmers and extension workers’ earlier experience with FFS has therefore created an enabling environment for using this approach in extension training on sweetpotato feed utilization. FFS for sweetpotato-based cattle fattening extends over a six-month period, with weekly half-day sessions. It has a “market-to-market” learning content, extending from farmers’ selection of animal stocks to their selling of the fattened cattle.
Table 2. Participatory farmer training through FTF and FFS.

	Features
	Farmer-to-farmer training (Vietnam)
	Farmer field school (Philippines)

	Duration
	6 months, with 4 whole-day training sessions and informal field visits/monitoring
	6 months, with weekly half-day sessions

	Average no. of participants
	30
	20

	Learning content
	Sweetpotato crop production
Feed processing and utilization

Animal health
	Selecting animal stocks 
Feed processing and utilization

Animal health

Utilization of animal wastes

Marketing of beef cattle

	Learning exercises
	Feeding trials

Monitoring of animal growth and health

Group discussions
	Agro-ecosystem analysis

Feeding trials

Monitoring of animal growth and health

Group discussions

	Facilitators
	Farmer-trainors
	Extension workers


Sources: Tinh et al, 2007; Adion et al, 2007
III.  FTF Monitoring and Evaluation in Vietnam
In 2002-2005, a total of 1055 farmers from 12 provinces participated in FTF trainings in Vietnam. During the conduct of FTF trainings, pre- and post-tests were conducted to assess changes in knowledge of farmer-participants. For each learning content areas, a ten-item knowledge test was administered during the first and last training sessions. Among the three areas, increase in knowledge was highest for sweetpotato feed processing and use, with an average difference of 22.60% between pre- and post-tests. In contrast, it was lowest for animal health, with a difference of only 14.00% (Table 3).
Table 3. Comparison of pre- and pos-test scores (% correct answers) of FTF participants+

	Learning Content
	Pre-test
	Post-test
	Increase

	Sweetpotato production 
	53.10
	72.60
	19.50

	Sweetpotato feed processing and use
	54.80
	77.40
	22.60

	Animal health
	61.20
	75.20
	14.00


+Data from FTF monitoring records

A follow-up evaluation was conducted in the season/year following farmers’ participation in the training. The assessment combined the use of questionnaire interview and season-long monitoring/ recordkeeping. 
The evaluation involved a comparison between participants and non-participants, and sought to determine: 1) intermediate outcomes in terms of behavior change, and 2) long-term outcomes in terms of livelihood benefits. Selected evaluation findings (Fuglie et al, 2007) are presented below to illustrate these outcomes.

Adoption of crop-livestock innovations. About 90 percent of participating farmers and 76 percent of non-participating farmers had adopted improved varieties for their winter sweetpotato crop. It is apparent that planting material easily disseminated from farmer to farmer and from training participants to non-participants.  Adoption of sweetpotato ensilage was slower. Most households (55 percent) who had received farmer-led extension training had adopted ensilage of sweetpotato roots or vines. But this technology had spread to less than 10 percent non-participating households. Similar rates of adoption were reported for balanced feed rations. Finally for animal husbandry and health management practices, both participants and non-participants reported high rates of use of these practices (Table 4).

Table 4. Adoption of innovations during the production season following the training+
	Adoption of Innovations
	Participants
(n=137)
	Non-Participants (n=72)

	Variety 
	92.30
	75.05

	Silage 
	54.35
	9.70

	Animal nutrition 
	53.00
	7.00

	Animal health
	80.50
	63.00


+Data from 2004 survey
Benefit of silage adoption for pig productivity. Final live weight of the pigs at the end of the cycle was significantly higher for farmers who had used silage-based feed: pigs fed silage weighed 60.1 kg on average while pigs in the control group weighed only 45.1 kg, an increase of 34 percent.  The price received for the live pigs fed on silage was also 5 percent higher than the price received for pigs fed traditional diets, due in large part to the higher proportion of the carcass in meat. 

Pigs fed on silage-based feeds achieved a feed-to-meat conversion of 2.82, compared with 3.82 for pigs fed traditional diets. In other words, it took 26 percent less feed to achieve the same weight gain for pigs fed the silage-based diet. Since feed is by far the largest cost item in pig rising, this increase in feed efficiency significant reduced cost, and increased profitability, of pig rising for these small-scale producers.  While total feed cost per pig was about the same for the two groups, the pigs fed silage-based diets grew to a significantly larger size and thus provided significantly higher revenue. The net revenue from pig raising (value of the pig sold minus feed, fuel and bagging costs), was US$ +16.53 (per pig for pigs fed on silage diets and US$ –3.40 per pig for pigs fed on traditional diets, or a difference of US$ 19.93 per pig. The fact that pigs fed on traditional diets did not even gain enough weight to pay for the cost of feed reflects the precarious position many small-holder pig growers currently face: they are not competitive in the current economic environment. But the improvements in productivity achieved by adopters of the new silage-based feeds show that it is possible for these producers to grow pigs profitably with appropriate training and technology. 
For a household raising 4 to 5 pigs in a cycle and adopting silage-based feed rations, pig raising gave a net return of about US$ 0.78 per day.  This is a reasonable return to the average labor input of 1.35 hours/pig/day reported by pig producers in our survey (Table 5).
Table 5. Effect sweetpotato silage adoption on pig feed efficiency and profitability+
	 Parameters
	Farmers using silage-based feed (n=14)
	Farmers using traditional feed methods (n=13)
	Difference between means (%)
	T-test for significance (5% level)

	Feeding efficiency

	Days for pig fattening cycle
	92.1
	91.5
	1
	

	Number of pigs in cycle
	4.4
	4.2
	5
	

	Initial pig weight (kg/pig)
	14.5
	13.8
	5
	

	Final pig weight (kg live weight/pig)
	60.6
	45.1
	34
	*

	Daily weight gain (gram/pig/day)
	500.6
	342.9
	46
	*

	Carcass proportion (%)
	75.0
	70.6
	6
	

	Live weight selling price (VND/kg)
	14,421
	13,734
	5
	*

	Feed-to-Meat Ratio
	2.82
	3.82
	-26
	*

	Economic returns to pig cycle (VND/pig)++

	Feed cost
	409,631
	434,099
	-6
	

	Fuel cost
	0
	41,303
	
	

	Cost of bags for silage
	6,122
	0
	
	

	Total variable cost
	415,753
	475,402
	-13
	

	Total value of weight gain
	664,157
	424,222
	57
	*

	Net revenue 
	248,404
	-51,180
	n.a.
	*

	Unit variable cost (VND/kg WG)
	9,270
	15,817
	-41
	*

	Net revenue per day 

(VND/all pigs in cycle)
	11,746
	-2,324
	n.a.
	*


+Data from season-long recordkeeping of case households   ++US$1 = VND15,000
Insights from the M&E experience. The major impact target in the Vietnam FTF trainings was to increase farmers’ income from pig production through a more efficient production system. M&E results showed that those who followed the recommended practices in sweetpotato feed processing and utilization achieved tangible economic benefits through significantly higher weight gains and net revenues. However, the results also indicated the following:
1. There was no direct correlation between increase in knowledge and its subsequent application on-farm. While knowledge change during FTF was highest for sweetpotato feed processing-use, post-FFS adoption was lowest for practices associated with this learning content. Among the three learning content areas, sweetpotato feed processing-use required a higher number of material and time inputs. In comparison, adopting a new variety and having an animal vaccinated/castrated by the local veterinarian were more straightforward tasks to accomplish. 
2. Among the technological innovations, there was highest adoption rate for introduced varieties. However, varietal adoption could not be entirely attributed to participation in FTF. Non-participants likewise had a high adoption rate for introduced varieties, which could be due to the “hardware” nature of innovation which made diffusion much quicker, even outside the FTF adoption pathway. More importantly, even prior to FTF, on-farm trials were already conducted to evaluate and select sweetpotato varieties. Adoption of these varieties occurred even earlier, through farmers’ exposure to the on-farm trials and access to these varieties. 
3. Economic analysis showed that adoption of technological innovations resulted in positive livelihood outcomes, through more efficient smallholder animal production. While net profit provided a direct measurement of the resulting benefits, there were additional livelihood outcomes that could have been potentially uncovered. Silage-making eliminated the need for routine cooking of feed resources, which reduced fuel and labor costs. Since firewood is traditionally used as the main fuel for cooking, there is also a direct benefit in terms of conserving local forest/natural resources. In addition since cooking is a task assigned to women, there is also a direct benefit in terms of reducing women’s labor allocation to pigfeeding. 
IV.  FFS Monitoring and Evaluation in the Philippines
Participatory farmer training in the Philippines was initiated in 2004, to build on the earlier FTF experience in Vietnam. In 2004-2005, three FFSs were piloted in the Philippines with a total of 75 participants.
Knowledge recall.  Knowledge recall by farmer-participants was assessed after over a year from FFS completion. A comparison was made between the test scores achieved by participants during the last FFS session and 1.5 years thereafter. Of 16 respondents who took the knowledge recall test, more than half had higher test scores as compared to their end-of-FFS scores. There was a direct correlation between percent attendance in FFS sessions and post-test scores. However, this did not correlate with their scores during the knowledge recall tests since farmers with low percent attendance in FFS achieved higher scores after 1.5 years (Figure 1). This suggests that continuous learning and sharing by farmer participants, long after the FFS ended (Luis et al, 2007).
Figure 1. Participants’ post-FFS (May 2004) and knowledge recall (September 2005) test scores, and
  percent attendance in FFS sessions. [image: image1.jpg]FFS Post Test Scores and No. of sessions
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Adoption of innovations.  In preparation for a full evaluation of livelihood outcomes of FFS participants, a workshop was held with the randomly sampled set of 16 respondents to collect preliminary data to guide the evaluation design. 

Only 7 of the 16 respondents were able to engage in cattle raising during the season following the FFS. A major limiting factor was the financial capital to purchase an animal, costing up to US$353. During the next season after the workshop, other farmers were able to raise cattle through a special animal dispersal program of the local government. 
Of the 7 case farming households who grew cattle during 2004-2005, there were differences in the FFS-recommended practices that they adopted. The main reason for non-adoption was the cost of the material input required to implement the recommended practice, and/or when low-cost alternatives were available.
Table 6. Adoption of FFS-recommended practices and reasons for non-adoption+

	Technology
	No. who adopted
	Reasons for not adopting

	Practiced cattle confinement
	7
	-

	Better feeding
	7
	-

	Feeding of SP vines and roots
	7
	-

	Cut and carry
	6
	-

	Composting of manure
	6
	-

	Weight estimation and pricing
	6
	-

	Deworming
	5
	Misconception that deworming is not for pregnant stocks

	Give vitamins and minerals
	4
	Expensive

	Forage gardening
	3
	There are readily available sweetpotato and corn feed materials; No planting material; No land to plant

	Vaccination
	3
	Expensive; not needed since no symptoms of  illness

	Give molasses
	4
	Expensive

	Give feed concentrate
	3
	Expensive

	Silage making
	2
	Fattening season coincides with the availability of abundant sweetpotato residues, thus ensiling appears to be of no use


+Data from workshop with FFS participants
Livelihood outcomes.  Economic analysis was made using data from season-long recordkeeping of the case households, comparing cattle raising before and after FFS. On the average, cattle-raising households incurred a net loss of US$ -13.39, mainly due to the cost of purchased feed. 

Table 7. Economic analysis of cattle raising before FFS+
	Particular
	Quantity
	Amount (US$)

	Gross Sale
	1 head 
	
	636.36

	Expenses:
	
	
	

	Cost of stock
	1 head
	163.64
	

	Feed costs
	10 sacks of commercial feed
	18.18
	

	
	120 bundles @ $ 0.36/bundle
	43.64
	

	
	8 carts of sweetpotato vines
	17.45
	

	
	900 kg of sweetpotato roots
	16.36
	

	Rope
	135 m for 3 yrs. @ $0.127 /m
	17.18
	

	Labor
	1 hour/day @ $ 0.34/hr
	373.29
	

	Total expenses:
	
	649.75
	-649.75

	Net Profit
	
	
	  -13.39


+Baseline data collected during the first pilot FFS
In comparison, adoption of FFS-recommended practices resulted in US$115.00 per animal. This consists of the net profit from selling the animal and the costs of sweetpotato residues and family labor used.

Table 9. Average household income derived from sweetpotato-based cattle fattening per animal 
(70-day cycle)+
	Income Sources
	
Value in US $

	Sweetpotato residues fed
	23.9

	Cost of family labor
	29.36

	Net profit from fattening (less cost of purchasing animal)
	61.82

	Average income from cattle fattening/cycle
	115


+Data from season-long monitoring of case households
Insights from M&E experiences. Livelihood outcomes from FFS participation would still have to be fully evaluated. Nonetheless, preliminary data suggest that there are significant potential livelihood benefits from adoption of FFS-recommended practices in sweetpotato-based beef cattle fattening. Among the key insights from the initial M&E efforts are:
1. Cattle fattening requires higher capital investment than pig raising, specifically for the cost of purchasing the animal stock and feed. While farmers achieved increase in knowledge through FFS, the capacity to implement what was learned is limited by the financial resources available to farmers. 
2. Cattle fattening makes use of non-marketable sweetpotato roots, which otherwise are treated as wastes. Computation of sweetpotato roots as feed requires readjustment as this involves utilization of residues rather than marketable farm products. 
3. A major challenge in assessing improved efficiency in animal production is in the accurate measurement of weight gains. The weight of the animal itself makes field measurement difficult, without access to an appropriate weighing instrument.

4. Even with increased efficiency in beef cattle fattening, the ultimate determinant of livelihood outcomes is the market price accorded to the animal by traders. Beef cattle marketing is based solely on visual approximation of weight and quality, as conducted by the trader. Beyond efficiency, farmers need improved capacity to negotiate with traders over pricing and to effectively participate in the beef cattle market chain.

V.  Summary: Achieving Impact Through Livelihood Outcomes
CIP aims to contribute to reducing poverty and hunger through research on sweetpotato. It is therefore necessary to establish pathways for translating sweetpotato research outputs into development impacts. In the case of sweetpotato feed utilization, this becomes a more complex challenge since the crop is used as a means to support the primary livelihood of animal raising. The Vietnam and Philippine cases discussed above highlight the following lessons in conceptualizing, achieving and assessing “impact” of sweetpotato research:
1. From research outputs to participatory farmer training. Outputs of sweetpotato pigfeed research serves as key learning content for participatory farmer training. At the same time, other knowledge sources are essential to enhance farmers’ capacity to improve efficiency of animal production systems. Firstly, sweetpotato is only part of the broader pool of local feed resources tapped by farmers to provide balanced feed rations to animals. Secondly, the training needs to cover more than just improved feeding practices, but also learning content on animal health management and marketing. 

Along with CIP’s, the knowledge outputs of other research and development organizations and the local communities are key inputs to participatory farmer training. Thus the outcomes, as well as impacts, of participatory farmer training need to recognize the contributions of these multiple sources of innovation.
2. From training outputs to behavioral change outcomes. The value of participatory farmer training as an extension approach was demonstrated in its effectiveness to reach more farmers more quickly, and to enable them to increase and retain the training-acquired knowledge. 
Post-training behavioral changes however required more than just having this knowledge made available to farmers. These were also influenced by the nature of the innovation itself (e.g. varieties as easy-to-adopt hardware technologies), availability of material inputs (e.g. seasonal supply of sweetpotato roots and vines), and financial capital to invest in both feeds and animals (e.g. cost of acquiring animal for cattle fattening). Also, training outcomes were shown to involve not only changes in farmers’ behavior (e.g. application of knowledge and skills) but also changes in their relationships with other livelihood system actors (e.g. trust between them and credit providers) and in the livelihood activities they pursued (e.g. continued raising of animals and feed crops).
These suggest the need for a more inclusive framework in achieving and assessing outcomes of participatory farmer training, which considers: a) the contribution of training and other enabling factors, and b) changes in behavior as well as in relationships and activities.
3. From behavioral change outcomes to livelihood outcomes. Enhanced feeding management is essential but not sufficient to achieve planned livelihood outcomes. Animal health is as equally important in improving efficiency of animal production systems. More importantly, improved efficiency does not automatically translate into increased profit, unless marketing arrangements and financial support services enable farmers to maximize their share of returns from value-adding innovations. Similarly, animal raising has to remain competitive with other livelihood opportunities otherwise farmers may shift strategies, e.g. targeting sweetpotato for non-feed use options and investing household assets into other livelihoods that potentially provide higher returns. 
Evaluation results in the Vietnam and Philippine cases showed that farmer-trainees who adopted sweetpotato feed innovations did achieve increased income – being the singular development impact being targeted. However this impact mainly covered farmers simultaneously engaged in innovations for feeding management and other aspects of their entire animal production system. They were also the ones who achieved improvement in their livelihood assets, as well as managed to operate within a supportive livelihood systems environment.  
What do all these imply for CIP’s planning of future research-for-development activities on sweetpotato feed utilization? 

An income-focused, uni-linear concept of “impact” achievement is inadequate for capturing the anticipated and unanticipated outcomes of participatory farmer training. “Impact” is more appropriately viewed as the emergent property of mutually reinforcing livelihood outcomes – including but not limited to increased incomes. And it is helpful to identify and define “livelihood outcomes” according to the key types of livelihood assets – human, social, financial, natural and physical.
Livelihood outcomes can serve as building blocks for mapping impact pathways, from research outputs to development impacts. These also help locate research and development efforts --- especially if commodity-based – within the broader livelihood systems of farming households. (Campilan, 2005). Along these pathways, targeted improvements in livelihood assets could be identified to mark: a) changes in the status of assets, b) how these assets are re-invested to achieve further livelihood improvement.  
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