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2 Executive summary

The objectives of this SRA were to (a) develop capacity of local staff to undertake systems research, (b) define the requirements to successfully conduct the envisaged beef systems research, (c) test the relative benefits of forage-only vs forage-food crop production systems, (d) pilot successful cattle production systems that have variable reliance on public land forage, and (e) facilitate adoption of tree legume based feeding systems in dry land areas of Timor-Leste.

One senior Ministry of Agriculture (MAF) staff had been assigned to coordinate project activities. One full time Indonesian project officer and one junior MAF officer were working together to lead the implementation of project activities. They were assisted by three district staff (from Liquica and Bobonaro districts) and three final year students from the National University of Timor-Leste (UNTL). They were trained and mentored regularly by the Consortium of Large Ruminant Research Indonesia to enable them to successfully implement project activities. 

A tree legume based feeding system was established at the MAF Loes Research Centre at Liquica District and was effectively used as a demonstration site. 12 young Bali bulls were used at Loes Research Centre to demonstrate good cattle production system using cut-and-carry stall feeding. They were fed leaves of the tree legume Leucaena leucocephala (leucaena) ad libitum, 75% leucaena+25% corn stover or 50% leucaena + 50% corn stover. Live weight of the cattle was measured on a weekly basis. The results showed that bulls fed 100% leucaena grew at 0.52 kg/day; replacing leucaena with 25 and 50% corn stover can still result in moderate live weight gain (0.46 and 0.37 kg/day respectively). These results provided options for farmers to feed fattening cattle depending on availability of leucaena. This demonstration was also used to train MAF staff and farmers.    

34 farmers participated in this project and were trained and exposed to the tree legume based feeding demonstration to improve their awareness of the importance of planting high quality feeds to improve cattle productivity. The project assisted them with  establishment of tree legumes (leucaena and sesbania) on their own land and monitored their use. More than 15,000 tree legume seedlings (90% leucaena and 10% sesbania) were distributed to farmers during the wet season. It is expected that new farmers will learn the benefit of the crop-forage-cattle system once they see examples of successful farmers nearby. The project team were regularly monitoring all participating farmers to identify factors affecting adoption and reasons for farmers adopting / or not adopting the innovation. 

Farmers who were successful in adopting the tree legume based feeding systems tended to be those who had male cattle for fattening, have had experience in feeding cattle using cut-and-carry or live close to farmers who already fed cattle by cut-and-carry and work their farms intensively.

3 Introduction
The beef cattle production system in Timor-Leste is dominated by free grazing native pastures (Soares et al., 2010). The declining carrying capacity of native pastures due to over grazing and extensive invasion of weds such as Chromolaena odorata, Lantana camara and Jatropha sp. is seen as a justification to develop a more sustainable feeding system for beef cattle in Timor-Leste (Dahlanuddin et al., 2013). 
Important findings from a previous project “Strategies for improving Bali cattle productivity in Timor-Leste” (LPS/2011/004) include: 1) farmers realise that lack of high quality feeds is one of the biggest constraint to improving beef cattle productivity in Timor-Leste, but they are reluctant to plant forages on their private land, and 2) fencing is the  biggest constraints to planting forages on private lands. Therefore, in this project, integration of forages into cropping area was promoted because farmers will have had to fence their land already for their crops.
Lack of reliable models of improved cut-and-carry feeding system has been a constraint to transfer knowledge and building skills of local staff and farmers. A demonstration of cut-and-carry feeding (based tree legumes and crop residues) was improved from the initial model established in the previous project and used as a training facility. Successful implementation of the crop-forage-cattle integration model also depends on the capacity of local staff in understanding the concept, to be able to conduct trials on station, to interprete results and their ability to communicate best practices to farmers. Capacity building of local staff has therefore been a major focus of this project.
4 Achievement against activities and outputs/milestones 
Objective 1: To develop capacity of local staff to undertake systems research
Carlos Amaral was assigned by MAF to coordinate the project. One Indonesian project officer (I Made Adi Sudarma) and one MAF project officer (Domingos Soares) were recruited. They were based at Loes Research Centre from Tuesdays to Fridays to implement project activities and return to the MAF office in Dili on Mondays to carry out administrative responsibilities. They were assisted by two livestock technical staff (one from Liquica and one from Bobonaro). Three final year UNTL students were attached to this project to assist in forage establishment in the villages and to help maintaining forage and cattle demonstration at Loes Research Centre.

They were trained and mentored to enable them to successfully implement project activities. Other MAF staff were also involved in the capacity building process. Capacity of project staff in conducting farming systems research has increased due to regular training activities as described in Section 4. An example of this increase in capacity is demonstrated in Table 1. 

Table 1. Result of a pre - post test conducted before and after the staff training. 

	No
	Training topic
	Level of knowledge before and after training

(Scale 1-5:

1=very poor, 5=very good)

	
	
	Before
	After

	1
	Introduction to farming systems research
	3.3
	3.9

	2
	Leucaena nursery, replanting and harvesting
	3.0
	4.5

	3
	Feeding forage to cattle
	2.7
	4.3

	4
	Designing a demonstration plot of crop-leucaena integration with farmers
	2.9
	4.2

	5
	Identifying farmers for on farm trial
	2.8
	4.0

	6
	Integrating leucaena and cattle into farming systems
	2.8
	4.0

	7
	Facilitating farmer learning
	3.1
	4.2

	8
	Facilitating field staff learning
	3.1
	4.4

	9
	Building farmer trust on field staff
	3.5
	4.6


Carlos A Amaral now has the capacity to manage international collaborative projects and to liaise with overseas project scientists. I Made Adi Sudarma and Domingos Soares now have the capacity to implement field activities and to report progress of activities. Three district technical officers and three UNTL final year students can effectively working with research project team to facilitate farmers to adopt the improved cattle feeding and management system. 

Objective 2: Define the requirements to successfully conduct the envisaged beef systems research
The activities to achieve this objective included (a) demonstrating to farmers the methods for establishing a forage nursery, forage production, harvesting, storage and cattle feeding and (b) conducting baseline data collection from 34 farmers to define the current conditions of the participating farmers. These 34 farmers were selected based on criteria such as land ownership, cattle ownership, willingness to participate and potential to engage with other farmers.
Farmers who were successful in adopting forage production and feeding of forages to cattle were those who: (a) had male cattle to be fattened, (b) live close to farmers who already fed cattle using cut-and-carry, and (c) the head of family worked intensively on the farm. 

Objective 3: To test the relative benefits of forage-only vs forage x food crop production systems
This objective could not be carried out because no farmer was willing to plant forage as a monoculture on their farm.  All farmers selected to integrate forages with crops.
Objective 4: To pilot successful cattle production systems that have variable reliance on public land forage
Two  activities were conducted: feeding cattle using 100% leucaena and a feeding trial using different levels of corn stover as a supplement to leucaena. These activities were made possible by building a new cattle pen able to individually house (pens) 12 animals (Figure 1).
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Figure 1. Demonstration of tree legume feeding by cut-and-carry system

On about 1.0 ha land area, a demonstration of forage (leucaena and grass) and crop (maize) system was established. The forages and crop residues were used to feed cattle. 

A herd of 10 heads of Bali cattle were used at the Loes Research Centre to demonstrate good cattle production system by cut-and-carry stall feeding. The cattle were fed ad libitum high quality forages (mainly Leucaena leucocephala) and live weight of the cattle was measured on a monthly basis. As expected, the growth rate of all cattle was high (Figure 2).
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Figure 2. Growth rate of cattle at the demonstration site.

Five big bulls were sold directly to Dili abattoir to maximise the sale price for these animals. Bulls with live weight of over 250 kg were sold at USD 2.75/kg live weight, while those with live weight of below 250 kg were sold at USD 2.50/kg live weight. Farmer representatives were brought to the Dili abattoir to observe the selling process and to encourage them to sell cattle directly to the abattoir.

The money from selling the 5 bulls was used to buy 12 young bulls (about 8 -12 months old). These bulls were used in a feeding trial to investigate the effect of replacing part of  leucaena with maize stover. They were divided into 3 groups and each fed either 100% leucaena, 75% leucaena and 25% maize stover or 50% leucaena and 50% maize stover.

The results of the feeding trial are shown in Figure 3.
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Figure 3. Effect of substituting leucaena with corn stover on the growth rate of young male Bali cattle. 

As expected, the growth rate of male Bali cattle fed 100% leucaena was similar to the earlier trials (0.5 kg/day). Replacing 25% of leucaena dry matter allowance with dry corn stover resulted in a growth rate commonly recorded in male Bali cattle fed sesbania or leucaena as the main component of the diet (Panjaitan et al, 2014; Dahlanuddin et al., 2014). Feeding mixture of leucaena and corn stover at 50:50) resulted in lower live weight gain (0.36 kg/day) and the cattle appeared to have a larger stomach, possibly due to longer retention time of the corn stover in the rumen (which may result in lower carcass percentage).
Participating farmers were brought to the experimental site at Loes Research Centre to demonstrate that (a) bulls can be fed 100% leucaena and that this results in a high growth rate without any adverse effect on cattle health, and (b) that corn stover can be used to “dilute” leucaena and bulls can still achieve a reasonably high growth rate (Figure 1). These results provide options to farmers to feed leucaena and corn stover depending on the amount of leucaena available.

In addition to the 34 farmers participating in this project, 50 other farmers visited the demonstration site to observe cattle fattening in pens. However, there is no record available on how many of them have started to feed leucaena to cattle.

Objective 5: To facilitate adoption of tree legume based feeding system in the dry land areas of Timor-Leste
Three districts staff were trained to increase their capacity to facilitate farmer uptake of the improved feeding systems. The “early adopters” from the previous project (LPS/2011/004) were also involved in this project and assisted with farm demonstrations and farmer to farmer learning processes.

Thirty four farmers were trained at the Loes Research Centre to increase their capacity to adopt the tree legume based feeding system. They were exposed to the established tree legume system and the cattle fed mostly with leucaena to improve their awareness of the importance of planting tree legume forages on their own land and its benefit to improve cattle productivity. 

More than 15,000 tree legume seedlings (90% leucaena and 10% sesbania) were distributed to farmers during the wet season. Farmers were assisted by the field team to establish the forage system on their own land, mostly as alley cropping with maize.

It is expected that new farmers will learn the benefit of the crop-forage-cattle system once they see examples of successful farmers nearby. The project team regularly monitored all participating farmers to identify factors affecting adoption and reasons for farmers not adopting the innovation. 

Before the project all 34 farmers let their cattle to free graze on communal lands or in the forest. As a result of farmer facilitation by the field researchers and MAF staff, 16 farmers (47%) have tethered or housed their cattle in pens and fed them using a cut-and-carry system. They mostly tether or house male cattle for fattening. Factors driving the change include the availability of high quality feeds (especially leucaena) close to the animals and that cattle can be sold more easily (farmers have to pay “hunting cost” for cattle on free grazing).

Table 2. Farmers’ perception of the benefits of feeding cattle in pens

	No
	Question
	Number of farmer who say yes (%)
	Number of farmer with no answer (%)

	1
	Cattle are easier to control
	85.3
	14.7

	2
	Cattle are easier to be fed
	86.4
	13. 6

	3
	Cattle are easier to be sold
	87.3
	12. 7

	4
	Farmers know weight and approximate price of the cattle
	85. 3
	14.7


5 Project Outcomes and Impacts

5.1 Research Outcomes

Through training and mentoring activities, MAF staff involved in this project have increased their knowledge on cattle production, feeds and feeding and learnt how to facilitate farmers to adopt appropriate technologies. Intensive farmer trainings and farmer facilitation have increased farmer awareness about the importance of planting forages on their own land to improve cattle productivity. This is expected to improve cattle productivity and farmer incomes from raising cattle. Visits by other MAF officials to the demonstration activities at Loes Research Station and their interactions with the project team have motivated MAF officials to scale the planting and feeding of leucaena for fattening cattle to other areas of Timor-Leste.

5.2 Scientific impacts

Thirty two out of 34 farmers successfully established leucaena on their land. They planted leucaena mostly within the cropping land and some planted it as living fences.

Table 3. Number of farmers successfully planted leucaena, average number of leucaena  trees planted and plant height by April 2016

	Village
	No of farmers
	Average no of trees
	Average plant height (m)

	Gugurleur
	7
	228
	0.79

	Aidabeleten
	10
	330
	1.28

	Sanirin
	8
	463
	0.56

	Guico
	7
	810
	1.79

	Total
	32
	1,831
	


Some of these farmers have changed their practice of raising cattle from free grazing to cut-and-carry or partly cut-and-carry. Fifteen out of the 34 farmers participating in this project have started to house cattle and feed them by cut-and-carry. They practice cut-and-carry feeding because (a) they have been trained by the project team, (b) their planted leucaena are ready to be harvested, (c) cattle eat leucaena, and (d) have experience in feeding cattle using cut-and-carry. 

Table 4.Number of farmers feeding cattle by cut-and-carry and number of cattle fed

	Village
	No of farmers
	No of cattle (heads)

	
	
	Bull
	Cow
	Young bull
	Heifer
	Calf
	Total

	Gugurleur
	2
	1
	
	3
	
	
	6

	Guico
	6
	1
	5
	7
	2
	2
	23

	Aidabeleten
	4
	3
	5
	7
	2
	2
	23

	Sanirin
	3
	
	1
	2
	2
	
	8

	Total
	15
	5
	11
	17
	6
	4
	60


There are no data available yet on the growth rate of the cattle fed by cut-and-carry under farm conditions but from observation, their body condition score is better than cattle free grazing in the dry season. The most important benefit of feeding cattle in pens for the farmers is that cattle can easily be sold (farmers do not need to spend money to catch cattle if they want to sell them) and cattle are available for cultural ceremonies.

5.3 Capacity impacts

MAF have improved and are maintaining the Loes Reseach Centre as a good cattle research and demonstration site. The project team have used this site to train farmers and to improve farmer awareness of the importance and benefits of having forages close to cattle (compared to letting cattle graze free on degrading native pastures).

Nine UNTL undergraduate students utilized the resource from this project to collect data for their final year assignment. One Master student (Walter Leivera), who is studying at the University of Mataram, actively participated in this project to collect data for his Master’s thesis.

Capacity of farmers should have been increased through the farmer training. In particular, farmers now understand that cattle feeds are not just grass, but tree legumes (especially leucaena) are high quality feeds for cattle. Farmers are also able to establish forage nursery on their own land and establish crop-forage integration system on their own land. 

5.4 Community outcomes and impacts

5.4.1 Economic impacts
The life of this project was too short to measure economic impacts on farms. It focused on improving awareness of farmers and encourage them to plant and use forages, especially tree legumes. However, some farmers are now able to sell cattle at a higher price. As an example, Manuel Maupelo of Sanirin village, stated that price of a bull fed with leucaena is around USD 200 higher than the price of a bull collected from communal grazing due to increase in its body condition score.  Flabiano of Guicu has started to generate income from selling leucaena seeds. These seeds were sold to MAF to be distributed to other farmers.
5.4.2 Social impacts

The project has directly employed three final year students to manage cattle at the Loes research station and to help project field researchers to work with farmers. Three local livestock staff and extension staff also worked part-time in the project. They benefited as they were able to conduct their research as part of this project and improved their research capacity. Twelve UNTL students were contributing to experiments as part of their final project assignment prior to graduation from the University.

5.4.3 Environmental impacts
It is expected that successful establishment of tree legumes can improve nutrient balance of the cattle diet, thus may reduce negative impact of overgrazing on the environment. Improved growth rates result in shorter time to slaughter and therefore reduce total amount of resources (eg. feed, land and water) used to produce meat and reduce GHG emmissions per kg of beef produced. 

5.4.4 Policy impact
High level MAF officials have indicated that leucaena feeding system has been adopted as part of MAF program.

5.5 Stakeholder engagement and Communications 
The project team has effectively communicated the project outputs to high ranking MAF staff to raise their awareness of the benefit of the intervention so that they can adopt some best practices as part of MAF programs.

Two project officers (I made Adi Sudarma and Domingos Soares) conducted communication and dissemination activities at regular basis. They were also active in door to door dissemination activities.

Latino Coimbra, Head of the Ruminant Division, MAF has been actively disseminating the activities to other district livestock staff. He regularly brought farmers to visit the demonstration site at Loes Research Station. 
Several farmer trainings were conducted at Loes Research Station. The trainings were attended by collaborating farmers from Aidabelete, Sanirin, Gugurleur and Guico. Field researchers of LPS/2009/036 and LPS/2013/022, district livestock staff from Liquica and Bobonaro, and some senior MAF staff from Dili office also participated in the training. The training materials developed include cattle management and feeding and how to establish and manage tree legumes. All participants had a guided tour to the established demonstration site where they had practical explanation on:

a.
Steps to establish tree legume nursery

b.
How to plant tree legumes as an alley cropping with crop

c.
How to manage tree legumes – weeding and harvesting

d.
How much tree legumes should be fed to different class of cattle 

Participants then returned to the classroom to do a critical reflection on what they have learnt. Participants were asked to split into 4 groups based on their suco (villages) and were asked to do a reflection on what they have learnt from visiting the demonstration site. They were asked to comment on what they think about the crop-forage-cattle integration system they have just seen and whether the system can be implemented in their own village. 

The overall response of participants was that the integration model is very new to them, interesting, suitable to their condition and not difficult to implement. They think that they will try to implement the model on their land to overcome the problem of lack of feed in the dry season. To implement this system, farmers said they need support from MAF and research team.

6 Training and capacity building activities
A training workshop was conducted Loes Research Station 26 November 2014. The objectives of the workshop were a) to communicate the crop-forage-cattle integration and the strategies to improve adoption of the system by farmers and b) to identify constraints/ barriers to scale out the system by farmers.
The training workshop was attended by 35 participants which consisted of representatives of MAF district offices (technical staff and extension officers), two ACIAR LPS/2009/036 field researchers and three final year UNTL students  and 10 farmers from Los Palos.

All participants had a tour to the crop-forage-cattle integration demonstration site at the Loes Research Station before the training workshop where they observed the alley cropping system of Leucaena leucocephala cv Tarramba and performance of the cattle fed mostly on leucaena. The participants were then brought into the classroom to attend the training workshop. After an official opening by Carlos Amaral, as representative of MAF, the project team started the workshop by providing an overview of the crop-forage-cattle integration system followed by a discussion session. In the overview, the project team explained the reasons why we selected the integration systems for the dry land of Timor-Leste and why the Laucaena cultivar Tarramba was Taramba had been selected as the forage component of the system. The participants then divided into three groups to represent three different districts; Bobonaro, Liquica and Manatutu. The participants were asked to identify what forage planting systems they would like to recommend to farmers in their districts i.e. (a) full crop-forage-livestock as demonstrated in Loes, (b) forage and livestock and feeding by cut-and-carry system or (c) planting forages/ tree legume for grazing. They were asked to provide reasons for chosing particular options. In the next session, participants were working in groups to identify challenges to implement the chosen forage production option in their districts. Finally, each group reported on the reasons for selecting a particular forage production system and identified constraints to scale it out.

A field staff training was conducted at the MAF office on 27 November 2014. The objectives of the training was to improve capacity of field staff in conducting systems research and to promote adoption of dry land forage production by the farmers. Training topics include (a) introduction to farming systems research, (b) leucaena nursery, replanting and harvesting, (c) feeding forage to cattle, (d) designing a demonstration plot of crop-leucaena integration with farmers, (e) identifying farmers for on farm trial, (f) integrating leucaena and cattle into farming systems, (g) facilitating farmer learning, (h) facilitating field staff learning and (i) building farmers’ trust in field staff.
The staff training was conducted again on 26 March 2015. It was attended by 19 participants including field researchers from LPS/2009/036 and LPS/2013/022, district livestock staff, MAF staff and UNTL students working in these projects. The training was started by reviewing project progress based on action plan made in November 2014. After the review the senior project team gave training materials with the following topics:

a.
Farmer facilitation technique (by Ketut Puspadi) that covered (a) principle and process of adult learning, (b) common constraints for effective adult learning process, (c) how to make adult learning more effective, (d) how to build farmer trust in field researchers, (e) how to facilitate adult learning, (f) how to plan adult learning activities, (g) importance of demonstration site for learning and (h) how to conduct reflection of learning activities.

b.
Forage production (by Marthen Mullik) that covered (a) the use of tree legume as cattle feed, (b) how to establish tree legume nursery, (c) how to plant seedlings and (d) how to manage and harvest tree legumes.

c.
Practical cattle nutrition (by Dahlanuddin) that covered:  (a) types of cattle feeds (not just grasses), (b) why tree legumes?, (c) cattle feeding based on leucaena, (d) how much leucaena should be fed and how many leucaena trees should be planted? (e) initial adoption of tree legume feeding by farmers. 
7 Problems and opportunities
It has been difficult to convince farmers to take more control of their cattle and feed their cattle by cut-and-carry system. This is because they think that there is still plenty of common land to be used for free grazing.
Free grazing practice may not be sustainable in the long run as the quality and carrying capacity of native grassland has been decreasing rapidly due to conversion of land for non-agricultural purposes and invasion by weeds.

Labor availability is a key constraint so farmers cannot cultivate all of their farm area, and so only use part of it to plant crops for consumption (subsistence). This is one of the limiting factors contributing to the low adoption of technologies.
However, opportunities exist to improve beef cattle production in Timor-Leste. Farmers have plenty of land area that they do not use. If the demand for beef increases, farmers have the opportunity to utilise land resources to improve cattle production and their income.
8 Lessons learnt
This project tried to implement best practices from eastern Indonesia that are considered to be applicable in Timor-Leste. However, only parts of the technology component have been successfully adopted by farmers, not the whole package. Partly this relates to the belief of farmers that the purpose of raising cattle is more to fulfil cultural purposes than business purposes. 

Farmers do not yet feel that they have financial incentives to improving cattle productivity due to much lower beef demand and thus cattle price in Timor-Leste. It is therefore recommended that on farm intervention be integrated with activities at other segment of the value chain involving other value chain actors especially the traders and meat processors.

The demonstration system should be carried out on a farmer’s private land and designed together with the farmer to suit their needs, to stimulate farmer contribution and to create sense of ownership. In addition there is a need to conduct a rural livelihood analysis to identify training needs and to adapt or modify recommended technologies. An example is modifying the feed supply from planting leucaena for cut-and-carry to planting leucaena for grazing to anticipate lack of labor for cut-and-carry and removing cattle waste.  

9 Conclusions and recommendations

9.1 Conclusions

Capacity of MAF staff involved in this project has been improved through scheduled trainings and mentoring activities based on experience of the senior project staff in conducting capacity building from similar ACIAR projects. Their understanding of the farming systems, technical knowledge and skills of various aspects of Bali cattle production will be very useful in planning and implementing beef cattle research and development activities in Timor-Leste. A productive pilot of cattle-forage-maize integration in which cattle were fed combinations of leucaena and maize stover has been successfully implemented in Loes Research Centre and used as a training facility for both government staff and farmers. Farmers who are successfully adopting the tree legume based feeding system are the ones who have male cattle to be fattened, have experience in feeding cattle using cut-and-carry or live close to farmers who already feed cattle using cut-and-carry and work their farms intensively.
9.2 Recommendations
Farmers who have started to adopt the integration model in this project should be further assisted with implementation of the new feeding system so they can expeience the benefits. Successful adopters could be used as examples and learning sites for successful scale out of the cattle-forage-crop integration to improve beef cattle production system in Timor-Leste.
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