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Introduction

International literature refers to farmers doing their own experiments as ‘Participatory Technology Development’, (PTD). Participatory Technology Development is the cooperative development of ideas and knowledge between ‘outsiders’ (such as extension officers) and local farming families. The ‘outsiders’ offer their formal-scientific knowledge, training and experience; ideas; and some resources. Farming families offer their indigenous knowledge and experience; their imagination and ideas; and some resources. Participating together in discussions, questions and simple research can lead to the development of new and better ways of doing things.

Because Participatory Technology Development encourages farmers to do their own experiments the farmers themselves are the source of innovations, and extension officers and research institutes such as NARI work to support and complement farmers experiments with simple scientific procedures.

Role of Extension Officers in Participatory Technology Development

Extension officers have a number of important parts to play in PTD. 

1. Firstly they encourage farmers – helping them realise that they, the farmers, can be experimenters.

2. They can respond to farmer ideas, providing suggestions that help make simple experiments more meaningful and worthwhile. Sometimes changes can make the farmers experiments more valid. This means that by making a change to the ‘design’ of the experiment the answers are clearer. For example a farmer may be interested in trying different types of feed with her 50 chickens. She keeps things simple and divides the group of 50 into two lots of 25. However the experiment could go sadly wrong if one group of chickens are housed in an area that has lots of lice, or rats or something else that unsettles one group, whereas that other group are in a new house with no insect or rat problems. 

3. Extension officers can bring ideas from outside the area - encouraging farmers to learn from other experiences that the farmers alone would never hear about.

4. Extension officers also have access to scientists and other outsiders who can help to interpret results, suggesting further changes that make the simple research more helpful to the farmers. In other words the extension officer acts as a bridge between the village farmers and the outsiders - NGO’s, churches, NARI, DAL etc.

Farmer discussion groups

It may be beneficial for farmers to get together as ‘farmer-experimenter groups’ to discuss farming issues and their experiments. This ongoing communication will provide the opportunity for farmers to support each other and will improve the chances of each replicate being dealt with in a similar manner. These groups shouldn’t be restricted just to those participating in the experiment, but should also include other interested farmers who may not be able to participate at this stage, but still wish to be involved. In particular, the group should include poorer farmers who may not be able to afford the risk of experimenting, but who would also benefit from new innovations and would like to be involved.

Usually the easiest way to get groups under way is to have a workshop(s) with interested farmers. Keep in mind who you are aiming the workshop at when planning this, (don’t forget to include all groups in the farming community and make sure that Women are adequately represented).

Use the workshop to discuss various case studies (preferably ones the farmers are familiar with), including how they did the experiment and why they did it that way. Workshops are also a good place to provide training in simple experimental design

NARI has resources to help small groups run effectively.

Extension officers can also help run farmer discussion groups. These groups have the following characteristics:-

1. They meet regularly - about once each month for a morning at one of the groups land.

2. They allow farmers to visit another farmer’s trees, or animals or crops or all of these, looking and listening to what that farmer has to say about what has been happening on their land.

3. They encourage farmers to test new ideas - this is at the heart of PTD.

4. There is always plenty of time for questions. The extension officer will facilitate but not dominate the discussion. 

5. They also aim to respond to questions that the group has raised. Sometimes this means the extension officer will arrange for a guest speaker to come and talk with the group, or she/he may need to find out answers to questions to help the group develop in their understanding.

6. Extension officers make sure that everyone is heard and that everyone can hear. They also make sure that everyone gets a chance to be an active participator.

7. The extension officer plans ahead, ensuring that written resources are available as appropriate. They also make sure that farmers are reminded about the next meeting, about 1 week before the meeting is due to happen.

8. At the end of each discussion the extension officer makes sure that everyone is clear about the outcomes of the meeting and the date and place of the next group meeting.

Problem analysis and turning a problem into a researchable problem

What does Participatory Technology Development seek to achieve?

Participatory Technology Development seeks to:

· Develop sustainable agricultural practices that conserve and enhance natural resources (rather than degrade and deplete them) so the land can still be used by future generations.

· Encourage farmer-led experimentation and therefore strengthen farmer and rural communities’ ability to respond positively to changes in their circumstances by developing their own innovations and solutions to problems.

· Foster self-respect and self-confidence in farmers and rural communities by encouraging them to take responsibility for their situation. 

· Recognize and respect the local and indigenous knowledge of men and women.

The farm household

The basic unit of any agricultural production and consumption system in the villages, districts and the provinces of the country is the household or the family units.  These units generally consist of a husband, wife and their children and can be extended to include elderly parents.

It is the household or at least the adult men and women in it that undertakes the core household activities, particularly, when decisions are reached on how and where household resources are allocated to provide for both the subsistence and economic welfare of the family unit. 

It is on this basis that any lessons or knowledge to be acquired from or to be transferred out to a certain group of people based on geography, economic and cultural boundaries should begin by an understanding of the nature of the conditions of these households. As a pre-requisite some of the basic parameters to consider in order to fully understand and appreciate these groups are:

1. General information on: District, Census Division, Village, population etc.

2. Household information:  Family size, age, level of education, division of and availability of labour.

3. Farming system 

4. Major sources and level of income

5. Farmer/household perceptions on constraints to increase production and income; that is land availability, road and market access, cash earning opportunities, credit, price, pest/diseases, engagement in non-agricultural activities etc.

6. Nutritional levels

The relevance of understanding the farm household is so that insights in to the level of individual household resource base can be understood and appreciate whilst it (household) participates in the research experimentation exercise.

Techniques for problem identification

Field Visits

The best way to identify farmers problems and constraints is to talk with the farmers. The farmers field is the best place to have the discussions as the farmer is generally more relaxed in their own environment and they can show you what they are talking about. You will also have a better understanding of the farmers problems and constraints after you see the situation first hand.

Three areas that need to be looked into, to identify problems during field visits are briefly discussed below. It includes the relationship of farmer with other organised groups and activities, the geographical location of the farmer and the general farming outlook of the community and ranking of prioritised problems.      

Relationships with other organised groups

The farming community may spend sometime in the Calendar year doing different activities with organised groups such as; Schools, Churches, Local level government Council, NGOs, Health and others. It is better to mark these events and weigh accordingly in magnitude how it may influence / disturb the farming activities and the proposed experiment. This sort of information could be found out by asking the farmer how he/she relates him/herself to the groups or other activities and how often is required to participate in those activities in the whole year. The key farming activities such as planting and harvesting etc should also be included in the calendar. An activity Calendar for the whole year would tell what the target farmer does and when and can be used to assess if and when the farmer could be involved with the proposed experiment. Furthermore the farmer’s priority of activities  could be singled out and its importance could also be known.

 An activity Calendar that is common to the target group can be drawn on a big drawing paper. It is better to let the farmers draw the Calendar. Have the months on the x -axis and the activities on the y – axis. It should look something like this.

An Activity Calendar for Mr. Webs Group. 
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Mr Web and his group may have said that Yam planting and harvesting is very important and secondly is independence week because their local MP donates gifts this time and thirdly children going back to school is categorized as third because their school is in the centre of the village. From this, we could say that Mr. Web and his group may be free to do experiment with the extension worker from January to May and or June. The activities listed are only few for convenience however could be plenty in real situations therefore have all activities listed on the chart and let the group discard the ones that are less important to them.                 
The Geographical Location of the farmer/community 

It is essential to know where the farmer lives, does the gardening, collects firewood, where he obtains his drinking water, the services exposed to and the sort of infrastructure the community has in place. This information could be collected by asking the farmer a few questions and walking through the community boundary. It may be better to have handful of people than just one person.

The information would enable us to decide on the right experiment to set up in the specific location depending on the resources available and the sort of infrastructure in place. Types of crops/animals grown, fertility of soil, pest and disease problems, farming practices, cropping calendar etc, could all be found out during that walk. 

In this exercise it could be better to ask the people to draw the map of their area indicating their boundary with other clans, their gardening sites, where the children go to school, their aid post, church, where they get their drinking water and show everything in their area. The map should high light the sort of resources they have and infrastructure already in place, for example bridges, condition and type of road.

And it could be ideal to record the date and the events that have taken place in the village and the impact it has on the community and the response from the community. It may look something like this.           

	 Date
	Events
	Effects on the Community

	1978

!979

1980

1982

1983

1997
	-The bridge was built

-Building of road to the village

-Building of school in the village

-Building of New Aid post

-Forming farmer group

-First time to have local  MP from the village
	-No longer walking to nearest bus stop on foot

- Able to travel to town on transport from village

- Children have a school right in the village instead of three hours walk to nearest school  

-No longer walking half day for medication

  -Better services and help from Institutions and NGOs now. 

-Get better services from local MP.

 


General farming out look of the Community

These days farming practices changes dramatically to the sort of influence they have from outside and what is demanded of them within their community. For example; people in Tambul grow lots of sweet potato under mixed cropping to feed pigs as households are expected to contribute pigs for ceremonies (bride price /compensation etc). On the other end farmers in the Waghi Valley practice rotation of sweet potato, maize and peanut for sale as the cash value for market of these crops are good all year round. This sort of practice is common with crops and livestock in most communities in the country.  For the previous community, improved sweet potato varieties with high yield could be experimented with local varieties on pigs. For the latter, rotations of different legumes with sweet potato and maize could be experimented to assess the yield of sweet potato grown after the different legumes.                   

This information could be collected from asking a handful of people during the visit and through personal observation.         

After all these are done the group and the extension officer may be able to identify some problems faced by the group by going through the calendar, map and matrices drawn earlier. Ask them to write all the problems they face in their community, whether it be social, infrastructure, religious, health, education, law and order or land on a piece of paper and given to the organizer. The group is then asked to vote on the problems they have, ranking them from the highest to the lowest.  Some countable objects such as beans or cut paper can be given to them to vote. After voting, the list of prioritised problems with their votes could look something this:

	List of prioritised problems

Mr. Webs farmer Group

Problem                                                                 Vote

1 Big law and order problem due to……………. 35 

high consumption of drugs by youth. 

2. Low yields of taro, yam and sweet potato….       34

3. High incidence of Malaria from…………………30

    January to May

4. Need one more elementary school …………… ..28

5. Shortage of gardening land ………………..        24

6. Very low coffee prices ……………………        18

7. Bad Condition of road   ……………………..    12

 


From the problems prioritised and voted it is seen that point no 2, 5 and 6 are related to agriculture which could be dealt with when considering possible solutions. Research Objectives could be developed for points 2 and 5 for investigations for possible solutions. Point 6 is controlled by world market where we have little say.   

Obstacles to Participation

· ‘Well-meaning’ people (fellow researchers, government agencies, wealthy farmers…) may try to take over and ‘run the show’. To prevent this you may simply need to explain to these people what you are doing and why farmer participation (and control of the experiment) is so important.
· Professional agronomists and development workers may find it hard to accept that rural people have anything worthwhile to contribute to technology development. This is often because throughout their formal education, they have been led to believe that scientific knowledge is superior to traditional or local knowledge. This prejudice can be very difficult to overcome!
· Some farmers, especially women farmers, may face obstacles that prevent them from participating. For example, cultural restrictions may restrict them speaking at, or even going to, agricultural meetings. 
· In some circumstances farming families are already so disillusioned with development projects that they will refuse to participate. Probably the best way to overcome this is to work initially with a small group of willing participants. As long as the project is run well and is relatively successful other farming families will probably overcome their doubts and join in too.
· Small-scale farmers live a precarious existence and there is always a chance that farmer experimentation may risk their existing livelihoods (eg: through the failure of the experimental crop). You will need to discuss this with the farmers and devise ways of avoiding it (for example, not planting the whole farm in an experimental crop, but just using a small plot at first).

Highlanders of the Baiyer valley were taught how to tan rabbit skins. Some of the farmers realised that if they killed the rabbit and dipped it in hot water they could then pluck the fur for bilums and eat the remaining animal, rather than having to rely on chemicals to tan the skins.

(Outsiders brought to locals a new animal, but insiders, villagers, took that animal and adapted it to fit within their own culture. 

PTD in action. Well done.

· You  will need to be creative in the way they manage this process. PMV’s may need to be used to get to farmer fields if the District’s 4WD is unavailable or short of fuel. Staying with the villagers overnight is always a good way of getting to know people and develop trust. Without the personal relationships working well, we can forget about developing effective PTD.

Participatory problem identification – towards researchable objectives

Doing experiments with farmers

Selecting appropriate farmers

Use of formal and systematic selection methods for the selection of farmers in this situation may not prove practical, hence may be used in a limited manner.  Consideration should, however, be given to best attempt and capture variations and a fair(ly) representation of the area/district and the population.

Without the employment of a selection criteria, the following considerations should provide a basis or guide in the selection of an appropriate farmer.  These are:

1. Physical Geography of the District
Topography or the land forms may prove useful as well as a barrier in this process.   Demarcate and select farmers on the basis of the topography, soil types and altitude.  Altitude for instance will vary with in the district.  Farmers selected will have to be fairly representative of low, medium and high altitude ranges of the district unless you are specifically concentrating on a particular altitude range.

2. Population
Coverage of at least 20-50% of the total population in the district is considered practical and ideal.   This is so as the natural conditions, transport, time and cost limitations may not allow for the coverage and of more than 50% of the total population of the district.

3. Mode of Transport/Accessibility
The form of transport and the degree of access in the district are aspects to take in to consideration as well.   The success of the experiment will to a large extent be based on transport and access in the area which requires the logistics of transporting the materials, personnel for experiment implementation and supervision.  This does not necessarily suggest that only the accessible areas within the district should be covered.  Some difficult access locations should be covered on foot if need be.

4. Proximity  to District Headquarters (DHQ)
Ensure that the selection of the farmers are not location bias.  That is, farmer selection is not concentrated around or within the DHQs.  It is highly important that farmers in the outlaying parts of the district are included.
5. Social Status of the Farmer
Avoid selection of too many of the farmers with high social standing in the area or vise versa for obvious reasons.
6. Farmer Co-operation
Farmer co-operation is important as only through good co-operation, consistent and reliable results as desired by research scientists can be obtained.   This as opposed to the uncooperative farmers can lead to wastage in time, money and data.  As such, the Extension Officer whose local knowledge of the area and the people places him/her in the best position to undertake the initial farmer selection. 
7. Farming Systems/Cropping
The selection of farmers needs to be undertaken in consideration of the farming systems prevalent in the district.  Coverage of different systems within the district will go along way in capturing the variation.

Criteria for success and failure in experiments

Firstly, the experiments will mostly be done on farmers holdings, and farmers will be involved in the design, implementation and evaluation of results. This leads us to rule No 1

Rule No 1: Keep experiments simple

The participating farmers are sacrificing their land and resources to test new ideas. They are looking for improvements to their existing systems, but are generally resource-poor and cannot accept exposure to financial (or other) risk. The larger the trial, the greater the farmer inputs, the less likely that the trial will be implemented properly and well managed and the higher the risk of the farmer dropping out and abandoning the trial.  

Rule No 2: Keep experiments small scale

If the experimental treatments fail the farmer should not lose all his/her crop as a result.

The experiment should have a clear and agreed objective. It should be possible to state this as a hypothesis. At the end of the experiment the data collected should prove or disprove the hypothesis.

Rule No. 3: Agree on the experimental hypothesis before starting the research

The farmer is donating his/her land and labour to test innovations that may be beneficial. It is important that farmers knows what the expected outcome is and retains ‘ownership’ of experiments. Therefore, within reason, farmers suggestions on experimental design should be entertained.

Rule No. 4: Experimenting farmers should be taking part voluntarily and ‘own’

the design and take responsibility for management of the experiments
If the experiment was properly designed (including an appropriate plan for data collection) it should be possible to assess whether the hypothesis was proved or disproved (of course a ‘not proven’ verdict is possible). However it also crucial that the farmers are involved in the evaluation stage. Farmers’ evaluation criteria are frequently different to those of researchers.

Rule No. 5: Involve farmers in evaluation of the research results

Some common factors that may affect adoption of new practices are listed below:

· Higher yielding varieties are not necessarily ‘better’ varieties (eg they may be unacceptable for other reasons, eg poor taste)

· The cost implications, including increased labour requirements, of new technologies need to be assessed (for example, return to labour may be more important to the farmer than return to land). Gender implications should be considered (eg increased work load for women)

· There may be conflicts between long term sustainability and short term gain (eg a technology designed to maintain soil fertility may result in lower initial yields, but more stable yields and better long term prospects. This may not convince farmers who are desperate for cash.)

In order for research to be successful it needs a well-defined hypothesis and farmer ownership and participation throughout the research process, including selection of treatments, experimental design and evaluation of results.

In order to maintain this participation a few simple precautions are necessary.

Some dos and don’ts

· There is always a danger that some farmers will drop out. If the trial is being replicated on a number of farms the experimental design and number of farmers participating should be such that a few drop-outs do not invalidate the experimental results.

· The farmers will usually want to know whether a new practice is better than their existing traditional practice. In order to answer this question it is necessary to include the ‘farmers’ practice’ as a control.

· Farmers accept to start the research because of a relationship of trust in the extension officer. This trust needs to be maintained, by regular visits to participating farmers and honouring of commitments. Do not make commitments you cannot keep!

· Interpretation of the results of the research will depend on the quality of the data collected. Always agree on what data to collect and who is responsible before the experiment starts.

Summary

Farmer participatory research is designed to test innovations that address the problems and test appropriate (ie adoptable) solutions. The chances of success should be high (to avoid excessive exposure to risk). The experimental hypothesis should be clear and the experimental design such that the hypothesis can be proved or disproved. Farmers should be involved throughout the research process and the researchers need to respect the farmers ideas and show their commitment to achieving a successful outcome to the research.

Deciding what experiments to do

This section takes up ideas discussed in the previous section (…. Towards researchable objectives). We have already seen that most problems will have a number of possible solutions. No all of these solutions will be equally attractive to farmers. By looking at a few examples it will be clear that it is necessary to select solutions to test that are adoptable and have a good chance of success.

Example 1: A banana disease is killing banana leaves prematurely and reducing banana yields

After identification of the disease two possible options are suggested:

(a) Farmers can control the disease by spraying with fungicides

(b) Farmers can switch to banana varieties with better resistance to the disease

	Spraying fungicides
	Using resistant varieties

	Advantages
	Disadvantages
	Advantages
	Disadvantages

	Can get better yields from the existing variety


	Farmers lack spraying equipment

Cost of fungicides is high
	No need for sprayers or costly fungicides
	Resistant varieties may lack other desirable attributes (eg fruit quality)


It will be necessary to discuss these options with farmers. This discussion will have to take into account the chances of success. For example, are resistant varieties adapted to the environment and with appropriate quality characteristics available? After discussion it will be possible to decide either (i) to conduct a trial to assess use fungicides for control of banana leaf disease, or (ii) to compare resistant varieties with the existing disease susceptible variety.

Example 2: Crop yields appear to be declining and soil fertility decline is suspected

After preliminary work to assess that soil fertility decline is indeed the probable cause of the problem, looking at ways to improve soil fertility is agreed as the research objective (an alternative objective could be to identify crops tolerant to low soil fertility). A number of ways to improve soil fertility are suggested:

· Include green manure crops in the rotation

· Include leguminous food crops (eg peanuts) in the rotation

· Improve fallows by planting nitrogen fixing trees

· Apply commercial inorganic fertilizers

· Apply organic manures

All these solutions have advantages and disadvantages. The nature of the nutrient deficiency (eg what element is limiting?) will affect the response to the various options. Some advantages and disadvantages of green manure crops are given below. It is suggested that you tabulate advantages and disadvantages of the other options.

	Green manure crops

	Advantages
	Disadvantages

	No cash inputs are needed

Seeds can be saved and the green manure crop used on other land

Length of fallow period can be reduced

Suppresses weeds
	Crop involves labour for planting and incorporating, but does not yield any consumable product

Seeds of the crop are not readily available

Will not help if nitrogen supply is not a limiting factor


Once the options have been compared (this exercise should be done with the farmers) then it can be decided which options are worth testing. 

It is important to note that it may not be possible to compare all the options in one experiment. For example comparing green manure crops and inorganic fertilizers in a single experiment is likely to be impractical. In this case a series of experiments may be the best way to tackle the problem.

Summary
These two examples show the sort of issues to be considered in deciding what experiments to do. They also show the need for:

· Good diagnosis of the problem

· A analysis of what the farmer expects from the experiment (eg determine that the experiment will be of interest to the farmer) 

· Careful consideration of the likelihood of adoption (eg are farmers likely to invest in commercial fertilizers)

· Analysis of the chances of success (eg worldwide efforts to identify sweet potato varieties with resistance to sweet potato weevil have failed; weevil resistance is not a promising option)

In addition it is strongly recommended that information on relevant research work on similar problems be consulted before embarking on new research (eg what green manure crops have previously been tested in similar environments and what were the results?).

Deciding on treatments

Once it has been decided what experiment to do, the next step is to decide on treatments. The first point to emphasize is that the decision should be made by the farmers with guidance from the researchers/extension officers. Do not tell the farmers what to do, but provide them with information to help them decide. Remember that farmers have important information to contribute too. Traditional agricultural knowledge (TAK) is valuable and should be respected.

Deciding on what treatments to apply is not easy. Some suggestions/guidelines follow:

· Do not waste time testing treatments that are beyond reach of the farmer (eg if farmers do not have and cannot afford spraying equipment it is no use doing spraying trials; but remember that there may be simple low cost sprayers which the farmers can afford, smaller than conventional knapsack sprayers)

· Always include a control; careful thought should go into deciding on the control. The control is usually the current or farmers normal practice or varieties etc  and it is what you compare the other treatments to. It needs to be standardised across all replications of an experiment if it is a replicated trial, which may well be on different farms. If a ‘farmer’s practice’ treatment is to be used as control this may well differ from one farmer to another, so consensus will be needed.

· Try not to include too many treatments; this can confuse the farmers and make trial management and interpretation of the results difficult.

· Always ensure that the treatments included are consistent with the hypothesis being tested.

I will use the examples given earlier to illustrate some of these points.

Banana diseases

It has been decided to test disease resistant banana varieties. What treatments should be included?

The control: this should be a preferred farmer variety, which is  susceptible to the disease.

Choosing the resistant varieties to test needs some care; as far as possible they should meet other criteria for an acceptable banana variety (assuming this information is known). It may be a good idea to let farmers look at the varieties growing on a research station and select which to try. Clearly a resistant cooking variety will not substitute for a susceptible dessert (‘mau’) variety.

A number of other issues should be discussed. For example if farmers normally grow bananas as an intercrop should the variety trial be done in an intercropping or monocropping situation
. The resistant varieties may be substantially more vigorous than the susceptible varieties and different plant spacing would be appropriate. What spacing should be used for the trial? What about the quality of planting material to be used for the trial? If different types of planting material are used for the two varieties the results may be due to type of planting material (not variety)!

Soil fertility maintenance

Let us assume that it has been decided to test green manure crops as means of improving soil fertility. For simplicity assume that one green manure crop is to be compared against a control. The questions which need to be answered are:

What is an appropriate control?

This would probably be the farmers normal fallow practice. Clearly this is likely to vary from farmer to farmer. Even the same farmer may not always follow the same practice (eg a decision on whether to burn fallow vegetation may depend on what crop is to be planted after the fallow; the duration of the fallow may depend on land availability).

How is the green manure crop to be established?

For example the legume could be sown into an existing food crop or it could be planted after harvesting the food crop (with or without cultivation of the land).

How do we measure the benefits of using a green manure crop?

In a farmers experiment the benefits would normally be assessed by measuring the performance of a subsequent food crop. It may well be expected that using a green manure crop can shorten the time needed to restore soil fertility. If so the time of planting of the subsequent food crop becomes a significant issue. (eg If the standard (control) treatment is a 2 year fallow, but it is believed that fertility will be restored after one year by using a green manure crop, is it reasonable to plant the test food crop at different times to assess the fertility response? ) The issues are complicated and require careful consideration.

Summary

Deciding on the treatments is not simple. It needs to be done in consultation with the farmers, who themselves can offer valuable advice. The advice of research scientists should also be sought. Spend time on deciding the treatments; do not rush into poorly planned experiments. Above all ensure that the selected treatments are consistent with the hypothesis being tested. 

Researchers and farmers will also need to consider:

· Who does the experimentation –everyone who wants to? A few to start with? Only women? Both women and men? The poor? Those with the resources?

· When the experiment is done –should all experimenters start at the same time? Are all inputs available at that time? Is it an appropriate time to sow? How long till harvest/ maturity?

· Monitoring, maintenance and evaluation –what information do you need to collect? How will you go about collecting it? Who will do what, and when?
Doing research

There is a number of reasons why you will be interested in conducting experiments with farmers these include:

Demonstration/Adoption of existing technology:- A technology package is ready to go out to the farmers for adoption. The technology has been generated, proven, tested, verified and is ready for farmer’s adoption. This could be done either on one farm or you could replicate it on a number of farms if a number of farmers have a similar problem. The extension officer in consultation with the farmer often initiates this type of trial a farmer problem has been identified and a technology exists that is likely to solve the problem. These experiments should have a very high chance of success.

Verification and adoption of a new technology:- A technology has been generated but not verified in under the farmers conditions.  This type of trial is generally initiated by researchers with assistance from extension officers and is managed by the cooperating farmer. The treatments would be replicated on a number of farms and possibly in different areas. Data collection and analysis should be more stringent than the demonstration/adoption trials (See for Recording and assessing experiments section)

Generation of technology:- A researchable problem has been identified but there is no technology currently to solve the problem available. This will required the normal research approach. This type of trial will be initiated by the researcher with the assistance and knowledge of the extension officers, The trial will be well replicated, have a rigorous statistical design, Data collection and statistical analysis the farmer will have less input into the design and may not feel that they have owner ship over the trial which con cause problems with the inplementation of the trial if the situation is not managed well. 

This manual concentrates on demonstration/adoption of existing technology experiments although most is also applicable to all types of on-farm experiments.Trials
Once the objectives of the experiment and the treatments have been established and the appropriate farmers have been identified then it is time to implement the trial. The following sections will guide you through the processes of conducting the trial.  

Having identified and discussed a problem or opportunity with the farmer, read the extension publications, books or other information that you may have access to on the subject, and discuss the issue with others who are knowledgeable on the subject, possibly a NARI researcher and determine if the solution can be demonstrated through a farmer trial.

If the outcome from the farmer discussion is that a farmer/demonstration trial is to be initiated there are some very important and relatively simple and basic steps to be followed in implementing the trial so that we will have confidence in our results and in the advice we give.  This section outlines these steps.

[image: image3.wmf]83

100

1000

48

5

.

1

15

/

130

/

2

x

g

x

m

x

m

x

m

plants

plot

g

=


Recording information

Keep a field notebook or diary and record all the trial information. Diaries are important for many reasons.  They help you remember what you did, why you did it, where it was done and when.

[image: image4.wmf]ation

ger

x

eg

seeds

of

number

eg

counted

seeds

of

g

weight

x

m

size

plot

x

m

plants

plot

g

min

%

100

1000

1000

)

(

)

(

/

/

2

=


Write down every thing including: your plans, decisions, discussions with others, addresses and contact details, observations and don’t forget to write down unexpected events. 
Keep it neat and tidy and that will help greatly. It may be helpful to prepare a standard record sheet for each trial. Record sheets help to ensure that you and/or the farmer collect all the information as planned. It is easy to overlook some data collection when working in the field especially towards the end of the day when you are hot and tired and in a hurry to finish and go home. Data sheets could be prepared in the notebook or separate sheets that could be typed or photocopied.  If you do end up with some loose sheets of paper- glue them into the diary or clip them into a folder or binder. 

You may need to leave a diary with the farmer to update. Visit the trial site regularly and check the farmer is recording the relevant information in the diary. Copy the information from the farmer’s diary into your diary this will provide a backup of the information collected in case the farmer’s diary is lost or destroyed.  
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How many treatments should be in the trial?

The number of treatments will depend on the objectives of the trial and could range from 2 up. One treatment should always be the farmer’s normal practice which will be used as a comparison for the other treatments. Try to keep the number of treatments to a minimum as trials with a large number of treatments will often be very difficult to manage, confusing and may not convince the farmer to change his practice. For farmer trials 2-3 treatments would be generally recommended unless you are evaluating varieties. Keep it simple!

Reasons for keeping experiments on a small scale:

There is less risk to the farmer if the experiment gives a negative result, ie: he/she will still have the remainder of his/her crop to feed his/her family and to sell. 
It is easier for poorer farmers to participate if they don’t have to ‘sacrifice’ so much land. 
The rest of the farmer’s land can serve as a natural control plot.
It enables farmers to carry out several experiments simultaneously.
Farmers usually feel more in control and confident about a small trial.

A Danger:

There is a danger that facilitators and scientists may get carried away with improving farmers’ experimental designs so much that the experiments no longer belong to the farmers. This can be prevented by:

· The farmers design. The farmers should own the design and be responsible for managing and implementing the experiment. As part of this it is important to realize that gifts or payments for time invested are inappropriate. Experimenting farmers should be taking part because they want to improve their situation, not because they want to be paid or rewarded by you!
· Making sure the experiment design is easy for the farmers to understand and manage. 
· At least at first, limit the variables to areas that can be easily manipulated within the farmers existing farming system. Don’t expect farmers to change their whole system to fit the experiment!
· Remember, that if you decide to repeat the farmers’ experiment at the research station, it is important that you still keep the farmers’ involved.
· Be flexible, and allow for adaptation mid-way through the experiment if necessary. –be aware that some farmers may drop out and make sure that enough farmers are taking part that this won’t destroy the experiment. Discuss with farmers before experimentation begins, the risks involved so they know what they are getting into.
Plot size, shape, planning for guard and harvest areas

Plot size and shape depend on:-

· The type of experiment you are starting.  (For example comparing two taro lines will require relatively small plots.  However, if you were conducting grazing trials, then the plots will be large- perhaps 0.1-0.5 ha each.)  

· trial site,

· how the trial will be established- (eg the size of a drill used in sowing a crop- hand planting and harvesting allows various plot sizes to be used, but care will be needed to establish the same population across each treatment),

· the type of crop or crops, 

· the amount of planting materials available,

· the amount of land that the farmer is willing to allocate for the trial and manage.

Sometimes a treatment will cause some crops to grow much larger than others. Perhaps there is a cultivar difference.  In the case of cassava there may be interest in grafting to different rootstocks, causing some plants to grow 2-3 times larger than the standard or control un-grafted plants.  This may mean that some plots need to be much larger than others.  You need to decide what is important to the farmer, yield/area or yield/plant.

As plot sizes increase it is harder to ensure that all plots are on land that is uniform.

Generally it is easier to set out and measure the area using rectangular or square plots and this is why these shapes are most commonly used.

Guard rows are rows of plants that are planted in the plot around the experimental plants and receive same treatment as the plot but are not included in the data recording. Guard rows are important and should be planned for carefully (see figure 1 for an example).  

They ensure that the experimental plants grow as if they were part of a large paddock of the crop.  Without guard rows the plants on the edge will get access to more sun and soil moisture and fertility than would be normal. Our results would not be representative of what normal scale farm operation could be expected to achieve. On the other hand our trial plants could be damaged by wind if there are no guard areas.

It is good to mark out the final harvest areas when it is easy to see individual plants.  This means you may like to peg each corner of the harvest area at planting so that other measurements- eg soil moisture tests during the life of the crop will not interfere with the final harvest area.  These final harvest pegs should be hammered or pushed firmly into the ground and be tall enough or brightly coloured so that they can be clearly seen at final harvest.

What would you do if you thought some of these pegs may be stolen?  Think about measurements you could make now, and record on a copy of your trial plan and record this in your field notebook.

Figure 1 An example of a plot showing the guard row plants (X) and the experimental plants (V)
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In this example the plant spacings are 1m x 2m. The total plot size is 10 x 9 = 90 m2 and contains 45 plants. The experimental or harvest area is 7 x 6 = 42 m2 and contains 21 plants. Remember the treatments are to be applied to the total plot (90 m2 and 45 plants)

Selecting a suitable trial site

Make sure that the site is typical of the area where the problem to be researched has arisen and is appropriate to the matter being investigated.

 If the problem is erosion control on steep land, then the trial should be conducted on a steep part of the farmer’s field or if the problem occurs in the last crop of a cropping cycle then it would be no use putting the trial in as the first crop following a fallow period. 

Remember that some trials will have to be conducted for a number of years for example trials with tree crops and trials on crop rotation or improved fallows and soil fertility. For long term trials you need to ensure that the site will be available for the long term and that the farmer is not planning to remove the tree crop of change the cropping pattern in a manner that will affect the trial.  

Dealing with variability

When deciding on a trial site, look up and down and around. Check for areas that have shade or perhaps large tree roots taking up moisture and fertility.  If you are on a hill slope look at where runoff water flows.  Visiting a trial site after heavy rain could be depressing if many of your plots have been damaged by erosion.  It’s best to learn about these possibilities from those more experienced than you are. Ask questions before you get started.
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The trial site should be as uniform as possible. It is hard to find land that is totally uniform.  In the normal case of a variable site- ensure that you are well away from rock outcrops, old fence lines, old tracks where people or animals or vehicles have travelled frequently.

One of the features that leads to variability in village situations is the burning of rubbish and leaves in small heaps.  Many people gather up leaves and rubbish and strike a match, right where the heap is.  This burning will leave behind a small area with higher fertility than surrounding land.  This means increased variability.  If possible keep away from areas that have been burned like this. When you lay out plots you need to avoid these areas. 

Coping with rain and hilly sites

The runoff following heavy rain on hilly sites can destroy plots and much hard work.  Plan for runoff by careful site selection, listening to those who know the land better than you do.

Dig a ditch across the top of the site to ensure that run off doesn’t run-through the plots!

Consider leaving some guard areas between plots in grass that can also help reduce the build up of water.  Intermediate ditches on the contour can also be used to reduce soil erosion.

Site history

This is important. It may be that half of the area grew corn last year and half grew Aibika and then was left in weeds.  If you must establish the trial in this area ensure that the complete trial is grown on the area that had corn or are grown on land that had Aibika previously and not some of each.

Note the past history (for as far back as can be recalled by the farmer) of the trial site in your field notebook.

Drawing up effective trial plans

Once the trial has been designed it is essential that effective trial plans are drawn up and a copy is pasted into the field notebook or clipped into a binder. Copies should also be left with the farmer and kept in your office in case the notebook is lost or damaged.  Effective trial plans are simple and clear, but contain lots of information.  

· The plan needs to include a trial title.  Keep this standard. There is no point in confusing farmers, technicians or visitors by referring to trials in different ways.  Make sure that you have the name of the key researcher and how to contact them.

· List the objectives of the trial. This may be useful for the farmer and visitors to the farm and in case you get transferred or have to leave your current position the information on the trial will not be lost.

· A plan may need to help a visitor find the trial site.  The inclusion of a small map will help to give a location of the trial, insert a small map or draw one.  This is going to be particularly important for research on farmer owned land.

· Having got to the site everyone needs to be clear about orientation of the plots.  Some of us find it hard to find North so make sure that identifying features are also shown.  For example gates, large trees, houses, mountains in the distance or even which direction the beach, river or creek is.  

· The plan should clearly show plots and what treatments were applied.  Where possible do not use abbreviations or if they are necessary- make sure that there is a key on the plan to show what abbreviations mean.  CM could mean chicken manure, but it could also mean cow manure or copra meal!  Why not write chicken and cow to keep things clear for everyone?

· Show the plot size (which will normally be the same for all plots unless they need to vary due to the treatments) and plant spacing (spacing may sometimes be a treatment and vary)

Land or site preparation

For farmer trials it is best to use the farmer’s normal methods of land preparation for the trial (unless method of land preparation is the treatment). Land preparation could be completed either before or after pegging out the plots depending on the method of preparation used. If the land is prepared using a tractor or other mechanical equipment then the preparation is completed prior to pegging out the plots. If land preparation is to be done manually then it may be best to peg out the plots first then prepare the area.   Install all mounds, beds, ridges, drains etc, prior to planting. The important thing is that all the area to be used for the trial is prepared to the same degree unless the preparation methods are the treatments being examined.

In some cases you will want to impose a trial on an existing crop (which is common for tree and other long term crops) for example a pruning trial on coffee, if this is the case select an area with plants that are uniform in size and condition that is representative of the rest of the block to superimpose the trial. 

Record the method of land preparation in your field notebook.

Measuring, laying out, pegging and labelling the plots

Plots vary in size from from paddocks of many ha in grazing experiments to a few m2 (individual plants in rows) for some crop trials.   You must remember that with crop and pasture plots area is crucial for all subsequent measurements and must be measured accurately.  The starting point is a right angle at the corners of plots and blocks so that areas are accurate and trials look good.  This is important because some years after an experiment there may be a reason for assessing the effect of treatments on for example soil fertility.  Knowing that the corner of a plot was exactly here and that the trial had been marked out in an exact manner allows old plots to be found.  If things are done in a rushed and haphazard manner at the start it is likely that the experiment may continue in a similar vein.  Pursue excellence!

A right angle can be found with one, but better two 30 m tapes.  

With reference to the diagram below, (Figure 2) start by determining the corner of the trial, probably closest to the entrance to the field.  Keep away from gates, permanent paths and other obstacles and leave a good margin from a permanent fence.  If using a tractor, remember that turning tractors with implements will have compacted soil, so leave about 7 m from the fence.  

Put in two pegs, A & B, each the same distance from the fence or the edge of the field and run a tight string line between the two.  Peg B in the diagram wants to be further than the overall length of the trial.

Now with two tapes set up as shown in Figure 2 use the fact that a triangle with sides either 3m 4m and 5 m or their multiples  (eg 1.5, 2, 2.5m or 9, 12, 15m etc) will have a right angle.  Hammer in peg C and use string from peg A to peg C and beyond.  You now have a base on which to start laying out the trial. 

You don’t have two 30 m tapes?  Make do with what you have, still working on the 3,4,5 principle.  With only one tape it will just take you longer to lay out the trial. 

[image: image11.png]


If some key pegs are put in on the outer edges of plots strings and eyesight can be used to put in intermediate pegs.  Once things stop lining up properly you can be sure that someone has made a mistake with a peg.  Recheck the measurements.

Labeling plots

Perhaps the best and most permanent place for labels is in the well drawn trial plan.  Labels have a way of being shifted, blowing away in the wind, or simply fading in tropical rain and sun.  Don’t rely on field labels to tell you important information about plots or treatments that have been applied.  

When using labels in the field remember that they will have to last as long as the duration of the trial. The use of permeant markers will last longer than other types of markers, but will still fade in the sun, pencil lasts much longer than pen and aluminium tag labels are readily available but they will become unreadable with time.  Paint on wood generally lasts longer than other types of labels. 

 Figure 2 Steps to follow to peg out an area of land for a trial with right angles
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Planting material

To reduce the variability within the trial it is important that all the trial plants establish and start growing evenly and quickly. In order to do this special attention has to be made to the selection of planting materials. Unless different planting materials are part of the treatments or you are conducting variety trials try to use the same planting materials in all plots. Planting materials should be similar in size, health, age, condition etc and if possible from the same source.  

If the planting materials are vegetative (cuttings, tubers, suckers etc) ensure that they are obtained from vigorous, healthy plants free of pests and disease and that the materials are of similar sizes and from similar parts of the parent plants. If seedlings are being used make sure they are healthy and free of pests and diseases, actively growing, are of similar sizes and accustomed to the light conditions in the field. For example, if seedlings have been raised under shade it is best to sun harden the seedlings before they are planted into full sunlight in the field. Seedlings that are not sun hardened are likely suffer from sun burn of the leaves which will delay their establishment and could lead to the death of some of the seedlings if planted directly into full sun.  If seeds are used to plant the trial make sure that the seeds are fresh, are free of pests and diseases, have a high rate of germination and are of uniform size and are only one cultivar and are free from contamination from seeds of weed and other cultivars.   
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Ensure that there is an adequate supply of planting materials available prior to starting the trial. It may be necessary to grow a crop prior to the trial to produce enough planting material for the trial. If this is the case you will have to plan this well in advance.

Use local farmer cultivars for planting material, unless the trial is comparing new cultivars in which case one treatment will still be the farmers preferred local cultivar.  Record the cultivars used in your field note book and include the local name and a description of the cultivar for future reference. If commercial seeds are used also record the seed company name etc in your records.  

 Plant spacing and method of planting

Follow the farmers normal practice for the plant spacing and method of planting unless this is part of the treatments of the trial. As most crops are grown in intercropped or mixed systems the farmer trial would also normally be planted with a similar planting pattern. This may make the design and interpretation of the trial results more difficult so the main objectives have to be re-examined to see if the trial will adequately address these objectives. If intercropping or mixed crop plantings are used try to ensure that the same plant combinations and spacings are used in all treatments unless this is part of the trial treatment. 

Make sure that you record the spacing, the method of planting and the crop combinations used in your field notebook.

Planting the trial

Try to plant the trial during the normal season for the crop or crops in the trial and ensure that the conditions are right for planting. It is no use planting the trial if large numbers of plants die due to incorrect planting conditions. Wait for the correct season and conditions. 


It is extremely important that the plants are planted at the same plant spacings in all treatments (unless spacing is a treatment) and that all the plants survive and grow. If 10% (which is only 2 plants in a plot of 20) of the plants in one plot die then the yield of the plot would most likely be 10% less than it would be if all the plants grew. This would result in a 3 tonne reduction in the yield of a 30 tonne per hectare plot of sweet potato. 3 tons per hectare may be as large as the difference you are expecting due to the treatments.

There are a number of ways to try and overcome this problem as listed below

· Use only healthy planting material and seeds with high germination

· Plant more plants or seeds at each spacing and later remove the excess plants

· Infill or replant the dead plants as soon as possible after the trial is planted. This may require daily checking for the first 2-3 weeks after planting.

· Pre germinate cuttings or seeds in a nursery prior to field planting.

· Watering in the newly planted plants in the field.

· Plant uniform planting materials of a good size.

· Plant planting materials at the correct depth in the soil.

· Good management and weed control of the plots to prevent the plants being killed by pests and weeds (unless this is what you are comparing in the trial). 

Trial management 

As mentioned in the previous section trial management is crucial if reliable results are to be obtained. Prior to implementing the trial an agreement on the trial management practices needs to be decided by negotiation with the farmer. 

Unless the trial is on pest, disease or weed control methods or cultivar resistance to pests and diseases, all pests, disease and weeds need to be controlled otherwise you will not be able to determine if the results obtained was due the treatments or other factors. Generally you would encourage the farmer to control the pests, diseases and weeds as per the farmers normally practice. If there is a pest, disease or weed in the trial that if not controlled would threaten the objectives of the trial a decision on what to do will have to be negotiated with the farmer. 


Weed control

As mentioned above good weed control is essential for the establishment of the trial plants or seedlings especially in the early stages of the trial. Weeds compete with the trial plants for nutrients, water, light and space and if not controlled regularly will limit the trial plants growth and mask the treatment response (unless the trial is a weed trial) and can cause death of trial plants if left unchecked. 


Pest and disease control

If pests and diseases are not controlled and allowed to build up the growth and or yield of the trial plants will be limited and the treatment effect may be masked and the results of the trial will be meaningless and all the effort of all involved would have been wasted. 

Regular monitoring of the trial for pest and disease build up is necessary. For pests counts are generally made on the number of pests per plant (eg bugs) or per branch (eg scale insects) or per area (eg locusts) or the degree or % damage caused by the pest (eg taro beetle) etc depending on the type of pest. Diseases are generally monitored by scoring the degree of infection or damage to the plant or plant part and are recorded on a scale of 1 to 5  (eg taro leaf blight) 

Once a pest or disease is identified in the trial then a decision will have to be made on what should be done about it. If the infestation is of a pest or disease that is being studied in the trial then it should be monitored and the treatments imposed as planned. If the infestation is of a pest or disease that is not being studied in the trial and is minor (below a critical level) it is probably best to just to continue to monitor it. If the infestation is affecting only some treatments it may be best not to try and control the pest or disease but continue to monitor it and keep good records of what treatments were infested and to what degree this result due to a treatment. If the infestation is uniform in all treatments and severe you will have to make a discussion on whether or not to control it and if so how to control it. If the farmers normal practice is not to control the pest, disease or weed then you may decide not to control the problem. In many cases you will have to assess the situation during the trial and assess the effect of controlling or not controlling the pest or disease will affect the original objectives of the trial. This and the discission on what course of action to take should be done in consultation with the farmer.

If you decide to control the pest or disease you may need to look up information on the problem or seek advise from an expert in the field such as a NARI entomologist or pathologist. If the solution is to use an insecticide, fungicide or herbicide make sure that the chemical is applied at the recommended rate (see “calibration and use of knapsacks” section below).


Other activities to be undertaken

Other activities may be undertaken on the trial. This could include activities such as watering in the planting materials, irrigation, drainage, pruning, desuckering, shade tree management, pollination, etc. All have to be done the same way, at the same time on all plots in the trial.  Remember to record all activities that are carried out on the trial in your field notebook.   


Protect your trial from animal damage

Animals love the crop you have just planted.  There is a rule that we should all remember.  It goes something like this- “The more important your plants are to you, the more palatable they are to animals such as chickens, goats, ducks, pigs, cattle, sheep”.  So don’t make do with a short term fence that will quickly rot and allow animals to come in and destroy your crop.  Your trial budget should include the cost of fencing materials and the labour required to put in a good fence.  Remember that the second rule is not too different to the first:-

“Chickens will always use the hole in the fence that you thought was too small!”.

You can make up the next rule- yes- it goes 

“Chickens and ducks can fly higher and faster and further than anyone expected”.

True, chickens and other animals are a fact of life in the village, but for your trial you do not want to examine the random damage effects of chickens on cabbage.  Your trial was designed to assess the impact of various fertility changes on cabbage, so do all you can to keep unwanted visitors out.

This may include people.  Sometimes thieves come and destroy months of hard work.  How can we reduce the theft?

Firstly if the trial is on a farm then ensure that the whole community agree with, support and understand the trial objectives. It needs to be their trial more than it is yours.  Secondly it may help to have the trial out of sight of people wandering by- especially if the product is edible or saleable.  

Visit the trial site regularly.  Observe.  People are more likely to respect you and the research you are doing with them if they see you involved, interested and keep informing them of results as they come to hand.  People tend to look after things they own.  Are they given the opportunity to own the trial? Visit often!

Monitoring the trial

Constant monitoring of the trial is essential for a successful trial. You should encourage the farmer to constantly monitor the trial but you must not rely entirely on the farmers monitoring. You will also have to regularly visit and monitor the trial. This will allow you and the farmer to see if there are any problems with the trial (weeds, pests, diseases etc) and determine what activities needs to be done on the trial. As mentioned previously, weeds, pests, diseases and other problems in the trial can override the effects due to the trial treatments and make the results worthless. Therefore, good monitoring is very important. Keep good notes on the trial each time you visit, you will be surprised how useful the notes can be in interpreting the results of the trial   


Regular visits will also demonstrate to the farmer that you are interested in the farmer, the trial and its results. One of the most common reasons that farmers abandon their trials is that they get busy with other ongoing farm activities and forget and/or lose interest in the trial. Regular follow up visits by the researcher/extension officer often motivates the farmer and keeps their interest in the trial.    


Recording and assessing experiments

Some farmers are very good at keeping records and can recall details of their experiments, however, many farmers keep very few, if any, useful records and often can’t remember details such as dates and quantities applied. This makes it very difficult to interpret the results.

In your experiments use materials and ideas that are familiar to local people. For example, use tin fish cans to measure things like fertiliser. 

For extension staff, one of their roles in participatory technology development may be to raise the following issues in ways that make sense to local people:

· What criteria should be used to assess an experiment with this objective? e.g: productivity, labour requirements, taste, colour, storability, profits? 

For example it may be possible to increase the yield of a particular crop but the cost of doing this (fertilizers or chemicals etc) may be more than the increased money made from the extra production which means the farmer gets more produce but makes less profit.  If labour is limiting and the new technology is designed to reduce the labour input then this may be the most appropriate criteria to measure during the trial. 

· What indicators will show whether these criteria have been met? Will it be a reduction in time of weeding (hours per plot (hours plot-1) of a given size) or yield in kg plot-1?

· What do we record or measure to find the indicator? ie: what essential information do we need to collect? Remember the issues relating to men and women directly, like time spent doing something may be more important than the more animal or plant related parameters of yield or growth rate.

· How do we measure these? ie: what techniques of observation and measurement will we use? What equipment do we need? Who will do this? When will we do it? eg: at sowing farmers will measure the total amount of corn seed sown, using tin fish cans. Or at harvest measure the number of rice bags filled with kaukau (you can later convert this to kg and relate this to the plot area that was planted).

· How do we record data? eg: notebooks, recording forms, farmers’ memories…

Data collection and recording should be cheap and easy. There is no point collecting lots and lots of information and making it complicated if there is no need to. It is also vitally important that the farmers understand the information they are collecting and why they are collecting it. –Don’t expect the farmers to collect information that will be of benefit to you or the researchers but not to the farmers themselves!

Be aware of the level of accuracy that is needed for a particular experiment.

Use your imagination when it comes to designing ways to record data. Some commonly used ways are:

· Farmer record sheets or notebooks 

· Calendars, to note important events or observations

· Maps –for example, to record the spread of a pest

· Board games 

· Observations

Wall sheets (similar to record sheets but hung on a wall so more than one person can fill them in).

Remember that the farmers assessment of the trial is often more important than yours as they are the people who have to adopt the technologies.
Measurements to be made during the trial

During the trial you may want to make measurements on the crop as a record of how the trial is progressing. What you record will depend on the type of crop and trial it is. Some of the things you may measure include; labour input, % germination, days to germinate or flower, plant height, number of fruiting branches, weed species and % cover (weed trials), soil and leaf analysis (soil fertility trials) (see the appendix for details on sampling and preparation for soil and leaf samples), incidence of pests or diseases (entomology or pathology trials), or any other parameter that will give you a measure of how the trial is progressing. It is important the measurements are made the same way on all the treatments at the same time.   

Harvesting 

When it comes to harvesting your trial do not forget about the guard rows that are not to be included in the harvest data. Only record the harvest of plants from within the pegged out harvest area. If these pegs have are no longer there then refer to the notes you made in your field notebook and remeasure and peg out the harvest areas again. String stretched from peg to peg will also assist in making sure that only the plants within the harvest area (the string) are harvested. Remember the harvest area is the area within the guard rows.  All calculations done on the data obtained eg yield per hectare, should use the harvest area and not the total plot area. For calculations the plot harvest area is the area measured half way between the guard row and the first experimental plants on each side (see figure 1 for an example).

Prior to harvesting you will have to decide on what the recording units will be eg will you record numbers, kg, g, Kina or some other units. Most farmers are generally interested in the harvested product from their crops either in terms of money or the amount of food. This will also be the case with trials. When harvesting trials consider what market or use the crop is intended for and harvest accordingly. For example if the crop is to be sold at a market or a retailer then sort the crop into marketable and non-marketable product, if the crop is being grown for animal feed and it all can be used then there is no need to separate the crop. Quality should also be important and should be taken into account at harvest. You may have to sort the marketable yield into different quality classes. In general the way the product is normally marketed will determine how the harvest will be sorted. 

It is important that the harvest data is accurately recorded in your field notebook. To ensure that all the required data is collected you should draw up a table to record the harvest data prior to starting the harvest. Also work out a plan of how the harvest will be done in advance and ensure that all the required equipment is available and is in working condition before commencing the harvest. This will avoid confusion in the field.  All the treatments should normally be harvested at the same time. 

The most common way to measure yield is by weight. If you have scales weigh the yield of the marketable, non-marketable, or quality grades separately for the individual treatments. Make sure that the weight of the produce that you are weighing is within the weighing range of the scales. Using the scale with the wrong weighing range will decrease the accuracy of the measurement.  For example, do not use a 50 kg to weigh yields of around 1 kg as it will be difficult to measure the difference between say 0.7 kg and 1.2 kg with the 50 kg scale, use a 2 or 5 kg scale.   If you have over 30 kg and your scale only weighs up to 25 kg then you will have to split it into two and weigh them separately and add the weights to get the total. Write both weights down in your book as a record, it is very easy to make a mistake adding up in the field. 

If you do not have access to scales don’t worry there are a number of ways around this. Instead of recording weight you could measure by volume, that is how many buckets, bags or bilum etc you get from each treatment. You must however, make sure that they are all the same size. If the produce is normally sold in lots or bunches then get the farmer to separate the yield up into the normal marketed sizes and record the number of lots or bunches and how much they would be marketed for. Even if you have scale and are going to record the weight of the produce it is worth getting the farmer to split the yield up into lots or bunches as he/she will immediately see and comprehend the benefits of the treatments if any both in terms of yield and/or monetary returns and will be more likely convinced by the trial results.

Calculations for field experiments. 

One of our tasks as researchers and extension officers is to help ensure that farmers are putting on the right amount of the best kind of fertiliser- to optimise the economic return from say capsicums grown for the Mt Hagen or Port Moresby markets.  To help determine these issues we need to be able to apply the right amounts of fertiliser. 


Remember that the treatments should be applied to the whole plot area (including the guard rows) not just the harvest area.

Once the calculation has been made it is useful to convert this into a measure that the farmer can work with. For example you can weigh the required amount of fertiliser and then see what it fills eg a matchbox, a small tin fish can, a large tin fish can or two tin fish cans or any other readily available container. It is also possible to cut plastic and tin containers down to size if required. You can then recommend to the farmer an amount of fertiliser that he can measure with out any equipment. You must however make sure that the container used to measure the fertiliser or other agricultural chemical is not later uses for food or drinking water for people or livestock. 

More detailed information on calculations and examples are given in the appendix.

Similar calculations are done to determine the yield/ha from plot data.

Applying fertiliser, herbicides and pesticides

Most of us use simple hand-held equipment to spread fertiliser, and spray on herbicides or pesticides. These are tools that used correctly will ensure that we apply the right amount of chemical, safely and evenly.

Applying fertiliser by hand

The pattern of spreading the fertiliser will depend to some degree on the type of crop or crops that you are applying the fertiliser to. The fertiliser may be evenly spread in the case of field crops that are closely planted or banded along the row if the crops are grown in rows or applied on a per plant bases for tree crops and other plants that are widely spaced.  

You will have to decide when to apply the fertiliser ie pre-plant or during the growing stages of the crop. You will also have to decide if the fertiliser is going to be incorporated in the soil or spread on the surface. This will be determined to some degree by the timing and method of the application. Losses of nutrients can accrue if not applied correctly ie bad timing or placement of the application.

Be consistent.  It is best to use just one person to spread the fertiliser to all plots, but if a number are involved- what should you do? 

First run string along the edges of all plots so that a clear line helps ensure that fertiliser is spread up to but not beyond the boundaries of each plot.

Have some practice bags set up to spread on a piece of land close to a tree or fence- somewhere that cannot be used for trials in the future.

Put half of the fertiliser into a bowl, the other half remaining at the corner of the plot- making sure it is clear which plot it belongs to.

Take small handfuls scattering the fertiliser while walking slowly up and down the plot.  Aim to get to the end of the plot with the first half of the fertiliser spread.  Now get the other half of the fertiliser and repeat the exercise walking backwards and forwards across the plot.


Be aware of the effect of wind on fertiliser.  Also if you are spreading Nitrogen fertiliser during hot sunshine much of the nitrogen can be lost as ammonia to the atmosphere.  It is best to put nitrogen fertiliser on just before rain, or if possible work the fertiliser into the soil.

Using Sprayers

Do not forget safety first when handling chemicals and only apply as recommended. Regularly calibrate and check your spray equipment is working correctly and is not leaking.

 After any use of a sprayer the unit needs careful and thorough washing out.  The herbicide residue that you used last month could still kill the seedling papaya’s that are your prized experiment this month…

If possible have one sprayer used for herbicides and another for fungicides and insecticides. If not ensure the sprayer is rinsed a number of times with fresh water.

Spray nozzle selection

The nozzles on a sprayer serve three main functions:

· Meter the spray liquid

· Break the liquid in the tank into droplets

· Disperse these droplets into a specific pattern.

Different nozzles are used for different applications. Nozzles used for spraying herbicides onto weeds you generally use larger droplet sizes as the weeds are big targets and you do not want the spray to blow away onto another crop or be wasted. The smaller the droplet size the further the spray will drift in the breeze. Flood, tee jet or flat fan nozzles are suitable for applying herbicides. Insects are generally smaller targets than weeds and better coverage is needed and smaller droplets are required to cover the plant surfaces. Diseases are even smaller and require the smallest droplets in order to get good coverage and control. Cone nozzles are recommended for the application of insecticides and fungicides.    

Rates of application and knapsack calibration

Most agricultural chemicals for spray application sold in PNG will have the rates of application on the label this is the rate that the chemical should be applied applying too little will wast the chemical and will not control the problem being addressed. Applying too much will waste chemical and could also cause damage the crop, neighbouring crops, subsequent crops or the environment including waterways. It is important to get the application rates right. 

Many chemicals will have a rate per knapsack of a given size if the knapsack is a different size adjust the rate accordingly. 

For example if the label gives the rate for the application of roundup as 125 ml in a 20 L knapsack and the one you are using is only 10 l then only use half the amount recommended for the 20 l sprayer. The same principal can be applied to 1L or 500 ml hand sprayers.   

If you need to calibrate a knapsack follow the procedures below:

Mark out a measured test area. A 10 x 10 m square is a good size as this is 0.01 ha and will make subsequent calculations easier.

Fill the sprayer with water to a known volume eg the 10 L mark

Spray the test area using the knapsack as you would normally use it. 

Refill the sprayer to the previous level (eg the 10 L mark) measuring the volume of water used.

Calculate the sprayer rate volume per area. 

Volume/ha = volume used (L) x 10,000/test area

The rate of chemical application can now be calculated as follows

ml of chemical/knapsack = L per ha application rate of chemical/L per ha sprayer rate x knapsack volume x 1000  

Mixing knapsack chemicals

Always use clean water for knapsacks as dirty water can block the spray nozzle and will absorb some of the chemical and reduce the effectiveness of the spray. 

Fill the sprayer as follows;

Put half of the volume of water into the knapsack. 

Accurately measure the correct volume or weight of chemical (you may need to get a small measuring cup (or scoop for powders) form the suppliers of the chemical to do this accurately).

Add the chemical to the water in the sprayer then rinse the measuring cup or scoop into the sprayer a number of times. 

Top up the sprayer to the desired volume with water and shake the knapsack to mix the solution.

  Use the spray as soon as possible as its activity can be reduced if left in the sprayer for an extended period of a day or so. Remix the solution if it has been left for a period as some chemicals may settle to the bottom of the tank.

Wash all spray equipment and safety gear after use.

Ensure that safety equipment is used when handling agricultural chemicals and spraying.

Application of other materials eg mulch, manure etc 

Rates of application of other treatments are calculated using the same principals as are used to calculate fertiliser and seed rates. 

Watering experimental plots

Irrigation is not common in PNG, however, you may need  to water your experimental plots to ensure that the plants establish or germinate quickly and evenly or to keep the plants alive during times of unpredicted dry periods. The simplest method of applying the water would be with containers or buckets to carry water from a creek or other source. The trial area could also be watered by temporally diverting a stream or creek to flood irrigate the trial. Other systems could involve pumps, sprinkler, or drip irrigation systems. If you need to install an irrigation system seek advise on what would be an appropriate system from an expert.

No matter what system is used it is important to make sure that all plants in the trial get the some amount of water. This is not easy so seek advise before irrigating.

Doing Experiments with Animals

On-Farm Experimentation
On-farm experiments in animal husbandry by farmers will usually take the form of a simple comparison between animals or groups of animals cared for in the normal way and animals or groups cared for in some new or modified way.   The change or modification would be an innovation designed to increase the output from the animals or reduce inputs either in cost or amount of work.   Some examples could be:

· Adding some protein rich concentrate to a largely sweet potato pig diet.

· Introducing a means to control internal parasites in sheep such as using medicated blocks.

· Testing a new garden fencing method to control goats with less labour.

· Comparing different combinations of available feeds for the evening supplementary feeding of scavenging chickens.

· Testing a new way of feeding broiler chickens with free-choice feeding or a combination of available pellets.

The comparison can be set up in several different ways:

· Animals on the farm can be divided into two equal groups such as would happen if the farmer divided a broiler shed into two rooms with half of the chickens in each room.

· Animals on the farm can be paired with one member for each pair being treated in the new way.

· Less effective but still possible would be to pair farms or farmers as equally as possible and have one farmer of each pair using the new method.

The comparison must be repeated or replicated as many times as possible in order to be confident about the result.  This can be done by having a number of farmers or pairs of farmers carrying out the testing or by repeating the comparison several times on the same farms.

Choosing the Treatments and Animals

The most important thing to remember is that all animals must be treated exactly the same except for the change or innovation under test.   While it is true that animals in different halves of a shed or on different farms are not being treated exactly the same, the effects of such differences can be minimised with careful planning, careful husbandry or good choice of pairs.   Animals being paired must be of the same sex and equivalent age, weight and health while groups being compared should contain equal numbers of animals with the same size and sex combinations.

Animals should not be included if they are clearly different from the rest in some way such as being obviously sick, stunted in growth or even much larger than all of the others.

If an animal becomes sick or dies it is of no longer any use in the experiment.  Only good husbandry and daily care can prevent this happening.  If such an animal is paired, then the other member of the pair should also be excluded from the experiment although it can continue to be looked after in whatever way seems appropriate.   The important point is that the groups of animals should remain comparable except for the experimental treatment.

With small numbers of animals on single farm or with animals housed in cages (rabbits) or rooms (broiler chickens) it is not necessary to mark the animals in any way provided the farmer is clear as to which animals or groups are to receive the new treatment.   All information on this must be recorded in the field diary or notebook mentioned later.   With larger numbers of free ranging animals it may be necessary to mark or identify them in some way.   Ear tags are usually the most convenient means for individual numbering but are expensive.   The insides or animal ears can be tattooed using local technology.  Pigs can be identified by notches cut into the ear and chickens by clipping of toes.  However, such cutting or clipping should be avoided if at all possible.  Spray cans of coloured water based paint can be used to mark animals for shot time identification.

Recorded of Information

All of the animals should be observed constantly and observations recorded in a daily diary or notebook entry.   All changes in behaviour or signs of sickness should be noted.  It is possible that some observed changes may be a consequence of the treatment or new method of husbandry and hence will be included in the assessment of the results.  It is important that extension officers have a clear mental picture of what a normal healthy animal should look like and how it should behave.  The latter will differ with species but all healthy animals should eat readily or in a regular pattern, rest contentedly, be alert and move quickly and easily.    Quiet, much handled animals may sometimes appear lethargic but their eyes will be bright and their natural inquisitiveness easily aroused.   The natural functions of breathing, ruminating, defaecating and urinating will be normal.

Things to look out for:-

· Loss of weight or condition (fatness).

· Wounds, external parasites, dry and scaly skin.

· Lameness.

· Scratching, biting and rubbing.

· Unusual discharges from the mouth, eyes, nose or vagina.

· Difficult breathing.

· Abnormal faeces; especially discolouration (white or yellow colour) and diarrihoea (runny faeces).

· Fever; high body temperature.

· Anaemia; pale colour of the lining of the eyelids.

· Harsh feel or excessive shedding of coat.

· Pot bellies, especially in pigs.

· Dry, hard or shrivelled vents in hens.

· Pale, shrivelled or dry combs in chickens.

Assessing the Animals and Results

Think carefully about what animal characteristics and input items are going to be measured and recorded.  Do not expect the farmer to collect unnecessary or irrelevant data or information that is of no immediate use.  Weighing of animals (except cattle and buffalo) is not difficult that is but farmers may require training or assistance.  See Figure 3 for some suggested ways for weighing medium size animals.  Smaller animals such as rabbits and poultry can be weighed in a small box or bucket.  Remember always to allow for the weight of the empty bag, box or bucket.

Days to a convenient market weight or size may be easier to record and be more meaningful than actual measured weight or growth rate.

Reproductive events should be recorded as they occur in a diary or calendar of events.   Visual observations with respect to behaviour and health have already been discussed.   The time involvement by farm family members in the animal husbandry, recorded for each involved individual identified by age and sex and for each treatment group, would be most useful information, even if only recorded perhaps on one day of each week.

Dealing with interpreting the various types of data after collection are discussed elsewhere (refer to relevant section) in this manual.  Always remember that for the results to be useful to the farmer and other farmers they must be clear and the benefits obvious.  They should then be easy to extend or virtually extend themselves.

Some Dos and Don’ts.

· Make sure each animal gets its share of the food.  This can be done by allowing for sufficient feeding space or feeding places.

· Do not waste feed.   Valuable feed is often trampled into the dirt, soiled, played with or left to waste.  Do not feed more than the animals can eat in about 20 minutes at any stable containers of adequate size.

· Do always make sure that all animals have access to clean drinking water at all times, even baby animals still drinking mothers’ milk.  Sheep and goats however may only need water in the nigh house.

· Do attend to the daily care and needs of the animals with diligence and attention to details.

Failure to attend to these matters may make the results of the experiment of dubious value.

Insert AQ’s diagram.

Maintaining equipment used in field research.

The field environment plays havoc with many of the tools used in field research.  Remember that good maintenance of tools will pay dividends in the research budget.  Replacing broken, rusted, lost or stolen tools will cause a disruption to your research program and wast a lot of time and money. There is nothing more frustrating than spending a day trying to locate or repurchasing the tools that should have been on hand for harvesting a trial. Make sure that somebody is responsible for looking after the tools. 

Tapes used for measuring trials should be dried, cleaned and rolled up neatly.  Leave in a hot dry place to ensure mould doesn’t ruin string or tapes.

Balances should be kept clean and well away from water.  Fertilisers are corrosive.  Ensure all fertiliser dust or spills are cleaned up promptly. Wherever possible use a weighing container on the top of pan balances rather than weighing directly on the pan (don’t forget to subtract its weight from the recorded weights). Weighing directly on the pan will lead to corrosion and/or a build up of dirt on the pan and could lead to incorrect readings.

Recording and assessing experiments

At the outset of any experiment the objective is defined and the following matters addressed, statistical design, treatments, replication, variables to collect data and the analysis to be done. Even the equipment required for implementing, monitoring, recording, harvesting and statistical analysis should be made available or is accessible.

This section covers recording and assessing experiment, which are important. Assessing and recording is a progressive process commencing at the commencement of the trial through to the harvest or completion of the trial. 

These activities require personal, equipment and record sheets. Personal is someone, who is able to implement trial, assess, collect and record data. Ensure that appropriate equipment is available. Equipment used correctly can result in collecting good reliable data.

Data recording should have consistent units, decimal points for whether it be weights, lengths, percentages. Recording done on pre-prepared data sheets or carbon notebook, which are permanent record to be used for statistical analyses. The recording should keep up with the time schedule.

Growth assessment and scoring of diseases or pests, the general state of the crop and any irregularities during the growth period and up to harvesting of the crop is recorded. 

All data collected should be checked immediately and make duplicate copies to ensure security. If carbon copy book used, one copy kept elsewhere. Make photocopies where possible. Avoid copying figures manually except in desperation get someone to call over as you write. 

Data be written only once and if a figure is recorded wrong do not correct it by writing over it, better write the correct one just above it and cross out the wrong one.

In analysis use original data to input for analysis. Input data into a computer as soon as possible if computer is accessible and possibly do some descriptive analysis like histogram, line graphs to observe the distribution to identify outliers and attend to it immediately.

  

What do the result mean? 

Result is an output produced by an activity or an operation. In any agricultural activity for that matter whether doing research or extension trials, an output is expected from that activity. That output has to be compared, whether be a crop, fertilizer, diet in animal feeding, you want to know by how much does the treatment effect is a increase (or decrease) in yield relative to some standard treatment used as a control. To detect the difference, statistical analysis is applied as a necessary and important tool. However, other presentations are acceptable depending on the clients and the objectives. 

The objectives can be grouped in three; trial or experiment is whether for adoption if already verified, test it for verification and adoption if it has not been verified, and to generate technology if a new researchable problem. Then present the result accordingly in whatever form that is acceptable to the clients.

First case, adoption only. A technology package is ready to go out to the farmers for adoption. Which means technology has been generated, proven, tested, verified and is ready for farmer’s adoption.

The second case, verification and adoption. A technology has been generated but not verified. By taking the technology to the farmers as part of research for verification and possible adoption. We have to be careful with the results in the verification test and present results accordingly in the context of case 1 or case 3 or both.

The third case, generate technology. A researchable problem is identified. There was no ready package for extension. That required normal research approach. Defined an objective, statistical design, replication, variables to measure etc. 

Doing the research with farmers, extension agents and researchers worked together or scientist worked independently to generate the technology.

Results presentation

When presenting the results determine what is important to the farmer. Is it yield, amount of labour, money etc, and express the results in that form or a number of forms.  

If labour is important express your results in person days or hours (often referred to as man days or hours) by totalling all the labour inputs per treatment during the experiment. 

If money is important then you should do a cost benefit analysis. This can be done by subtracting all costs (expenses) including costs of land preparation, planting materials, chemicals, labour, harvesting and marketing costs etc in applicable from the income for each treatment. This would then be expressed on an area (ha) basis. 

a) Result presentation 1.

In case one above, results can be presented in graphical forms, histograms, photographs, table of means and possibly visual observation on site will be sufficient.

b) Result presentation 2.

In second case, the result can be presented as in (a) provided the result has proven or verified the research result as well as present result as in (c) below. Result given as in (c) is only for scientific publication. If the results are dubious it should be taken as research results only for research and reported and recommend for further work for research. 
 c) Result presentation 3.

Result presented in this section is purely for scientific publication. Some simplified presentation as in result presentation 1 can be made available.

Any comparison, whether be a crop, fertilizer, diet in animal feeding, you want to know by how much does the treatment effect is a increase (or decrease) in yield relative to some standard treatment used as a control. To detect the difference, statistical analysis is applied as a necessary and important tool to produce results.

Analysis of Data

Data analysis can use simple t test, regression and analysis of variance. Normally analysis of variance (Anova), the analysis used more frequently for most designed experiments and is a preliminary analysis, which produces the result and gives the probability. The probability levels varies from P<0.05, 0.01 and 0.001 or alternatively indicate by asterisk *, **, *** and means significant, highly significant and very highly significant with respect to their respective probability levels. Usually probability at 5 percent probability is usually a cut-off point for statistical significance. 

In a layman language, it can be noted that if the experiment recur, it is likely that the following number of times 1/20, 1/100 and 1/1000 times you are unlikely to obtain the similar results. 

When the probability level is greater than P level at 0.05, it is said to be non- significant. But, been non-significant does not mean that there is no difference in the effects of the treatments. There may be differences but are not large enough to be detected in the analysis. 

AOVA analysis showing significance means that the effect of one treatment is at least significantly different from the rest, may be more. This has to be further checked by using appropriate statistical test by orthogonal contrast, t test (if two treatment or sample), LSD (least significant difference), DMRT (Duncan’s Multiple Range Test) and even construct confidence interval. 

Tables of mean yield should be presented in the report. Each table should have standard errors (‘SE’s) or standard error of differences (SED’s). There are times when least significant differences (LSD’s) are included. This sort of presentation is intended for scientific publication. However, graphical presentation can be more appropriate for village farmers who have to see to believe and understand. Result presentation should be appropriate for the type of audience that is intended.

Letting others in the community see the results

When a farmer and his family, a group of farmers, or a community has done experiments and developed a better way of growing crops, looking after animals, or conserving soil etc., it is important that these new techniques are made known to other families, groups and communities in the area and eventually to other farmers and groups in other areas.  The role of bringing in others to see the results of experiments is usually left to extension officers, so if there is an ineffective or no extension service in an area, the experimental results are not made known to other families, groups and communities.  Individual farmers or farmer groups must be encouraged to take the lead in this area and share the results of their experiments, their knowledge and experience and problems with others.  This can be done in several ways:

1
By bringing visitors (other farmers, scientists, officials, etc) to see and discuss the farmers experiments with them.  Where appropriate, the farmer or the group whose work is being discussed should lead the discussion and where possible, demonstrate the new techniques or skills they have been using.

2
By discussing, with a group of farmers, the origin of some important improvements in their farming systems as a result of experimentation and the role that farmers played in introducing or developing them.

e.g., how were farmers involved in developing coffee as a small holder cash crop or the use of vetiver grass to control soil erosion or the introduction of rabbits to their area?

3
Documenting farmers experiments in formal scientific articles or in less formal write-ups in local papers/magazines.  Copies of these can be displayed in district offices, community halls etc. so that both the local community and visitors can know about the work.

4
Encouraging farmers to share the knowledge and understanding they have gained with other farmers. This may be through songs, proverbs, poems, traditional singsings, farmer meeting groups or farmers simply talking with other farmers.  Farmers should be encouraged to share both their successes and failures, particularly failures, as this will reduce the chances of others making the same mistakes.

Spreading new innovations and experiences

When farmers are happy with the results they obtained from their experimentation they will usually pass that information onto other farmers. This will mostly occur informally as farmers talk to each other, usually firstly to extended family and clan members who in turn will spread the information. Unfortunately this sort of information exchange only reaches a few people, and often the ones that need it most miss out.  Farmers ideas also may not be taken seriously as local people may have learnt to rely on extension agents. It is important therefore that some formal information transfer takes place, with the support of NARI staff.  But successful farming families and groups at the district level should be identified by extension officers and district authorities and be encouraged to take the lead in informing others about the new experiences they have gained from doing successful experiments.

 Advantages of using farmers to talk about the results of their experiments
1
The farmer is familiar with the local characteristics, problems and history.

2
They speak the language of the farmers and understands them.

3
They know crucial issues of how to motivate neighbours.

4
They have contacts within the community.

5
People will tend to trust someone from the same group who is actually delivering or initiating the technology themselves. 

6
Farmers are used to manual working and walking long distances to discuss the results of their experiments.

7
The costs of involving farmers are much lower compared with those of outsiders. 

8
Farmers can show others what they have accomplished on their own farm which is of course more relevant than something that has happened a long way a away in a research station where labour is paid by government salaries.

Disadvantages of using farmers to talk about the results of their experiments

1
The farmers may not want to talk about their experimental work, as they live where they work and have many other responsibilities.

2
Some farmers are reluctant to learn from a local person; better off people may look down on farmers as they may be less well off.

3
Farmers may require more training before they are confident enough to meaningfully discuss the results of their experimental work.

4
Frequent trips outside the home area to talk about experimental results may cause family problems.

5
Farmers may have difficulties in preparing reports and other paperwork on their experiments.

Things farming families should think about before incorporating new innovations and technologies into their farming systems

Farmers and their families can usually decide whether or not they would experiment with a new way of growing a crop, looking after animals or conserving the soil.  However, discussion with extension officers or other farmers who may have done similar experiments before or are more familiar with them will enable the farmer and his family to be better informed before making their decisions.  In particular, the risks that are likely to be encountered should be calculated and clearly explained to the farmer and his family.  This may involve simple economic assessments of different outcomes that may arise by doing a certain experiment or not doing it.  Or by using one method instead of another method of doing an experiment.  Among the many issues that need to be considered by farming families before they do an experiment are the following:

1
Will the results of the experiment benefit us? This will it be more expensive or demanding of labour than the old way? Will there be more risk involved?


2
Does the experiment fit into what I know and can do with my present resources? What new things will I have to learn before conducting the experiment? Will it require more fertilizer and water to be profitable?

3
If experimenting with a new variety of crop, are seeds available?  Can I get the seeds of the new variety? Will I be able to get the credit on time, to get the seeds and fertilizer I need on time, to use this new practice effectively?

4
Will the benefits of the experiment be ongoing, or just temporary?

5
Will the results of this experiment improve my families life too? Or will it have a negative effect on them?

Advantages of farmer-based extension

Extension officer responsibilities in the Participatory 

Agricultural Extension Officers have certain responsibilities in the PTD process which they are expected to perform. These responsibilities are often used by farmers to judge extension officers capabilities, limitations and trusts.

These responsibilities are;

· Do not commit yourself if you cannot do things; in trying to help the farmer, extension officers often commit themselves even though they may not have the resources or time to provide or oversee the commitment.

· You are expected to be a facilitator and a advisor; the farmer should do the planning and implementation of the project at the farm level and should not expect the officer to do it for him. This should be clearly explained to the farmer. 

· You are to motivate the farmer; the farmer is motivated when you start and take part in discussions, ask questions and provide information and advise.

· Regular visitation to farmers; farmers expect visits to the farms especially when new innovations are being tested as he may have queries that he would like explained.

· Provide or advise what type of equipment and where to purchase. Farmers often have basic tools but lack specialized tools for specific purposes. If a supplier is recommended, it will be easier for the farmer to go to the supplier and get his equipment or materials.

· Do not raise farmer expectations. Farmer expectations should not be raised unnecessarily as he may find that he is not getting what he expected and therfore will not have confidence in your advise.

· Extension Officer as the source of information. There should be as much technical information available in your area.

· Ability to access technical information. Technical information is always changing over a period of time due to new technologies or innovations being available such as new varieties, control measures and market access.  

· Present during planting and harvesting of trials/experiments. This is important as you will explain why the experiment is being planted in that specific manner, similarly and explanation of the results can be presented to the farmer. The farmer often make certain important decisions such as marketing and use of planting materials. 

· Farmer should supply inputs into the trials. All inputs to maintain the experiment such as weeding, fencing and tools should come from the farmer.

· Regular monitoring of trial through visitations,  

Technology Development process

Appendix 

Guidelines for soil sample collection and preparation for chemical analysis

Soil is one of the major components of the natural resource base for agricultural production and it is essential to carefully manage it to maintain sustainable production. Soil nutrient levels change with crop and soil management practices and, therefore, it is essential to have the soil tested periodically for efficient economic and environmental management.

Taking inappropriate samples will result in making inaccurate fertilizer or other recommendations for land and crop management. Appropriate sampling techniques will enable reliable analysis and correct recommendations.

 What is the purpose of soil sampling?

· To determine the physical, chemical and biological properties of soil, e.g.: soil texture, organic matter, nutrient elements.
· To diagnose of soil nutrient problems and assess the quality of soil for supporting growth in plants
· To determine the level of available nutrients essential for plant growth and to formulate efficient and economic fertilizer recommendations.
· To determine any chemical nutrient deficiencies or toxicities, e.g. low or high level of iron, boron, manganese or zinc.
· To monitor of soil nutrient or other related problems caused by other activities. 

· To support decisions relating to land utilisation, environmental protection and human health.
· To measure variability among farms and monitor long term fertility trends.
· To identify and describe the main problem of soil degradation (e.g. soil acidification) and suggest solutions. 
· To assess the present state of soil quality and predict future trends.
· To identify soil type and determine its inherent soil properties.
· To select  suitable crops for specific environment.
· To assist in developing management strategies for future improvement, where areas of low productivity are identified.
When to collect soil samples for crop production:

· Soil samples may be collected at the following stages of crop production.
1. Before sowing a crop

2. During the early development of the crop

3. During the period of maximum nutrient consumption, e.g. at flowering

4. At harvest

· When diagnosing a soil nutrient problem.

What should we do before taking a soil sample.

Survey the area visually and decide on the boundaries of the sampling area as illustrated in Figure 1. The land area tested must be divided according to uniformity.
Prepare a soil sampling plan as illustrated in Figure 1, based on the differences in the farm or farm block. . Samples from each area should be kept separate for sample preparation and analysis





Figure 1. Divide the farm block into several sampling areas

The size of the sampling area depends on the intensity of cropping and should not be larger than 15-20 hectares. 

If the sampling area is uniform in relation to soil texture, colour, organic matter, slope, past management and crop to be grown, one or two samples may be collected in a 15-20 hectare area. However, if the variations are greater with respect to these characteristics, the area should be divided accordingly and multiple samples collected.

Road sites, burnt areas, wet spots, areas where animals have been penned or patches of good growth should be avoided or sampled separately.

Soil sampling tools and other materials:

Select proper and good sampling tools which should have the following properties:

1. Easy to clean

2. Adaptable to dry and moist soil conditions

3. Provide uniform cores or slices of equal volume at all spots within the composite area.

4. Durable and rust resistant. Tools are generally made out of stainless steel, otherwise they may cause contamination.

The following sampling tools can be used:

1. Soil sampling tubes: Open sided, plain cylinder, constricted tip and uniform bore. This type of sampling tool is most accurate.

2. Soil augers. This type of tool is also accurate.

3. Spades, shovels. These may not result in accurate samples.

The following are also necessary for soil sampling:

1. Bucket to mix the soil

2. Plastic bags

3. Labelling materials, i.e. marker pens, labels

4. Recording sheet to record information on the site.

What depth do we need to sample:

This will depend on the crop or pasture species and the purpose (monitoring the leaching of nutrients means deeper profiles). Normally take soil samples to the depth of the root zone of the crop, pasture or plant to be grown. 

1.  Pasture grasses and legumes: A sampling depth of 0-7.5 cm or 0-10cm is used.  

2.  Crops: A sampling depth of 0-10 cm, 0-15cm or 0-20cm is used. To determine movements of nutrients (nitrate nitrogen, potassium) it is better to take samples at 0-30cm, 0-60cm, 0-100 cm and in the tropics 0-150cm. For most of the crops sub-soil sampling is done only when required.

3.  Orchards: A sampling depth of 0-15 cm and 15-30 cm or 0-10 cm, 10-20 cm and 20-30cm is used. For orchards or plantation crops, the patterns of sampling will vary according to planting design, under canopy and between row soil management, fertilizer placement, tree age and plant root distribution. The general principles for sampling design and the patterns described for pastures and crops can be used for plantations

Procedures for collecting soil samples:

· Locate the sample site
· Scrape away surface litter
· Take sample to the desired depth (e.g. 0-10cm for pastures) using preferably a soil tube or an auger. Small size cores will require larger numbers of samples. For a pasture and cropping situation, take a surface sample from 0-10cm or 0-15cm from at least 30 different spots at regular intervals over the block or farm according to the pattern shown below in figures 2a, 2b, 2c and 2d. 




2a. Zig Zag pattern                                      2b. Orchards



2c. Transect pattern                                   2d. Systematic strips

Thoroughly mix the soil to form one sample. Take a sub-sample from the bucket and place it in a labelled plastic bag. Do not place a paper label inside the bag with the soil. If you do not have a processing facility you should send the samples as soon as possible to the NARI Agricultural Chemistry Laboratory. Do not keep them too long.

· Clean soil sampling tools and bucket separately before taking another sample from a different site, block or farm.

Procedures for processing soil samples:

· Before sending a sample to the chemistry laboratory, air dry it in a dust free environment or dry it in a dehydrator or oven at a temperature of 40 degrees centigrade. Do not dry above this temperature. If analysis is required for ammonia, the sample should be analysed immediately or frozen. Manganese and Iron values increase when drying temperature is increased. (This can be done by the NARI National Agricultural Chemistry Laboratory on request)
· After drying, sieve the sample to pass through a 2mm sieve. All soil clods should be crushed by using a motar and pestle or a rolling pin and sieved. Gravel and concretions should be excluded.  (This can be done by the NARI National Agricultural Chemistry Laboratory on request)
·   Place the sample in a labelled plastic bag or bottle and submit the sample to the Chief Chemist, National Agricultural Chemistry Laboratory, NARI, PO Box 8277, Boroko, National Capital District. Telephone: 3212690, 3213099. Fascimile: 3202411

Please provide the following information on a separate sheet of paper or fill the form provided by the National Agricultural Chemistry Laboratory.

1. Name and address of the sample owner.

2. Location of the sample collected.

3. Date of collection

4. Depth of sample

5. Previous site history i.e. crop, pasture, rotation, fertilizer.

6. Purpose of sampling: Diagnostic, fertilizer management or other

7. Proposed crop or pasture

8. Any other relevant information, ie. Altitude, soil type, climate, slope 

SOIL SAMPLE COLLECTION INFORMATION FORM

1. Name of person/ organisation who took the sample------------------------------------

2. Address:---------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

3.  Telephone:----------------      Fascimile:-----------------------E-mail---------------------

4.  Has this area been sampled previously?       Yes: ( )         No: ( )

5. Name of the farm / block/ experiment-----------------------------------------------------.

6. Nearest town/ District/ Province or locality of the farm:--------------------------------

7. Depth soil sample was taken from: -------------,---------------,-----------------------

8. Number of spots sampled: ------------------------------------------------------------------

9. Date of sampling:----------------------------------------------------------------------------

FARM /BLOCK DETAILS.

10.  Block/ Farm size(ha)               Drainage           Topography        Annual Rainfall(mm)

      Under one hectare ( )                  Poor      ( )             Flat    ( )                under 1500    ( )

      1-5 hectares           ()                 Average  ( )             Slope ( )                 1500-2500   ( )

      6-20 hectares        ( )                 Good      ( )              Hilly ( )                 2500-4000   ( )

      over 20 hectares    ( )                                                                                2000-3000   ( )

11. Fertiliser, lime, manure history ( Include rate of application)

12. Cropping history; include fallow period, rotations if any, previous crop including any legumes.

13. Analysis Required :  N, P, K, Ca, Mg, S, Zn, B, Mn, Cu, Fe, Mo


Soil pH,  Organic Carbon, Electrical Conductivity, CEC


Particle size analysis.


Other / Special methods (e.g. other P measurements; P fixation)

Guidelines for plant sample collection and preparation for nutrient analysis
Soil fertility decline and nutrient stress are one of the major natural constraints to food and commodity crop production in Papua New Guinea. In order to practice efficient and economical crop production, information is needed about the nutrient status of your crops

Plant analysis will provide information about possible deficiencies or toxic levels of essential nutrients.  It measures the concentration of essential nutrient elements in plant tissues and provides a simple, fast and relatively inexpensive means of evaluating the nutrient status of crops.  Plant analysis is based on the concept that the concentration of a nutrient element in a plant or part of a plant is an indication of the supply of the element from the soil to the plant.  By reference to established standards it is possible to judge whether the nutrient in the crop falls into the normal, toxic or deficient range or if there is an imbalance between nutrients.

Plant tissue analysis is only one of the diagnostic tools used in nutritional problem solving or advising.  Generally it should be used in conjunction with soil analysis, careful monitoring of the crop, assessment of environmental conditions and information about the previous crop, site or farm history.  The National Agricultural Chemistry Laboratory at Kila Kila provides a plant analysis service but scientists, extension offices, farmers and others must understand and follow certain procedures when collecting and preparing samples to enable achievement of accurate results.

The Purposes of Plant Analysis:

1. To diagnose or confirm visual deficiency symptoms or toxicity problems.

2. To identify deficiencies where nutrient levels are low enough to reduce potential yield but not low enough to produce deficiency symptoms.

3. To maintain or improve the balance of different nutrients.

4. To provide a basis for the compilation of fertilizer recommendations.

5. To monitor the outcome of fertilizer applications and the appropriateness of fertilizer recommendations.

6. To predict whether nutrient deficiencies are likely to occur in the current or succeeding crops.

7. To estimate the removal of key nutrients by a crop with a view to replacing them and maintaining fertility.

8. To estimate the nutritional value of a crop to an animal or human consumer.

How you should sample:
Plant tissue analysis is done on whole plant samples or from plant parts (petiole, stem, leaf).  If the analysis is done at an early stage of growth it will be useful to correct any current deficiency.  However, if done at flowering and harvest the information will be useful for the next seasons crop.  The sample collected should represent the crop treatment area or farm block.  The person sampling should collect adequate number or quantities of plants or plant parts to represent the total plant population (20 – 100 leaves or plants).

For diagnostic samples if a deficiency is suspected, separate samples should be collected from the “deficient” and “normal” or “non-deficient” areas. Where a crop is uniformly affected, one sample representing the affected area is sufficient.  It is important to collect the samples when the deficiency symptoms are first observed.  

For crop nutrient monitoring on the farm, the area should be roughly divided into sections and each section should be sampled systematically as illustrated in diagrams a and b, c and d.

                                                                                                       Sample area


                                                               Field

                                                            

                                                                 Sample                                                           

                                                                 area

                               (a)                                                                       (c)





                                 (b)                                                                      (d)

The quality of the sample collected and submitted to the Chemistry Laboratory will directly affect the quality of the analysis and the advice you receive for interpretation to the farmers.  Therefore samples must be representative of the field conditions, unaffected by things that may produce spurious results and supplemented with information that facilitates interpretation of results.  It is important to consider and record the following factors before sampling:

1. Describe the crop species and variety, soil type, sampling site location, observed symptoms, previous crop and fertilizer history.

2. Do not collect plant or plant parts that are dry or dead, mechanically damaged or affected by insects and diseases.

3. Do not sample when the plants are under stress, e.g.: when plants are exposed to dry spells or when day temperatures are high.

4. Collect samples between 8 and 11 o’clock in the morning.

5. Use gloves or clean hands to avoid contamination of samples until placed in a clean bag or other container, e.g.: esky.

6. Avoid collecting samples near roads, cattle pads or camps, trees, water logged areas or other abnormal sites.

7. Avoid collecting samples from plant that have been recently sprayed with fungicides etc.  If this cannot be avoided then note if sprays have been recently applied.

When and what you should sample

As the crop develops, changes occur in the concentration of nutrients in the whole plant and its parts.  Therefore, in order to accurately interpret the results of the plant analysis, it is essential to record the stage of crop growth when the sample was collected.  Samples are generally collected at standard, defined stages of crop growth or physiological age. Plant samples from most of the field crops for monitoring should be collected at the active vegetative stage (generally 4 weeks after sowing for field crops like sorghum, maize, peanut) or at flowering.  Stages of growth and plant parts for sample collection for some field and commodity crops are as shown in the Table 1.

 How to prepare your plant sample

The plant sample will need to be properly processed before it is submitted for chemical analysis.  Remember it is still alive and can be easily contaminated or the chemical composition of some elements changed.  The following steps are required (and can be done by the NARI National Agricultural Chemistry Laboratory on request):

1.
Place the collected sample in a labelled, open paper bag and place it in an esky or cool container, car fridge or water tight bag.  Do not leave samples in open bags or in the car for longer periods than absolutely necessary and get them to the closest laboratory or area for processing within 24 hours.  Be careful that the correct sample is placed in the correct bag. Double check this as mistaken identity will invalidate the test and waste your time and the chemists effort. 

If possible, wash the sample with distilled, deionised or rain water and remove excess water with a paper towel.  Special washing techniques are necessary for certain nutrients, especially micronutrients, and for dusty and dirty samples.  Contact your chemist or crop nutrition agronomist for details.  If the plant samples are clean and without any contamination there is no need for washing the samples with water.

Place the washed sample in a labelled bag and dry the sample at 65 degrees in a forced draught oven for 24 to 48 hours.  Prolonged drying at temperatures more than 80 degrees centigrade will result in breakdown of tissues and loss of some volatile nutrients.

Drying fresh samples at ambient temperature or at temperatures below 40 degrees centigrade or above 80 degrees centigrade is not recommended.  Any large sample should be chopped or ground in a hammer mill to small pieces and sub samples collected to grind in a stainless steel mill.

Grind the sample in a stainless steel mill fitted with a screen less than 1mm in diameter.  Generally a 0.5mm sieve is used.  Collect the sample in a plastic container or bag.  Sesame and Peanut seed samples may be ground in a coffee grinder so that the final ground product is free flowing and not clumpy.

Submit the sample to the Chemistry Laboratory for chemical analysis.  Specify the analysis to be conducted and any other relevant information to the laboratory  ( see attached information form) 

PLANT SAMPLE COLLECTION INFORMATION FORM

A. Personal details:

1. Name: ---------------------------

Telephone:------------------------------

Address: ------------------------------------------------------------------------------------------

      Facsimile:--------------------------- E-mail address -------------------------------------------

3. Name of the person /organization who took the sample -------------------------------------

4. Has this area been sampled previously?        Yes :-------------                  No :-------------

5.  Name of the farm/ block/ experiment-----------------------------------------------------------

6.  Nearest Town or Locality of the farm (District, Village, Census Division) ---------------------------------------------------------------------------------------------------------------------------

7.  Date of sampling --------------------

B. Site Details

8.   Block/Farm size (hectares)         Drainage        Topography              Rainfall (mm)

      Under one hectare ( )                    Poor       ( )       Flat    ( )                    Under 1500   ( )

       1-5 hectares         ( )                    Average ( )       Slope  ( )                    1500-2500    ( )

       6-20 hectares       ( )                    Good      ( )       Hilly  ( )                    2500-4000    ( )

         over 20 hectares ( )                                                                                above 4000   ( )

C. Sample Description:

Crop--------------------------   Species---------------------  
Variety--------------------------

Age/ Date sown-------------



             Previous crop-----------------

Stage of Growth: Seedling ( )      Vegetative  ( )      Flowering ( )      Harvest/Fruiting    ( )



     Other

Plant part submitted :  Whole plant ( ) Leaf Blade ( ) Stems ( ) Petiole ( )  Grain/ Fruit  ( )

Description of crop symptoms if any :

Are the symptoms on: Old leaves ( )   Young leaves   ( )     Terminal new leaves ( )

Has the crop been subjected to:   Waterlogging ( )   Drought  ( )    Pests  ( )    Diseases  ( )

If yes describe the situation or symptoms:

How do you rate the crop vigour ?   Good ( )   Average  ( )   Poor  ( )

D. Crop rotation and block history for the last five years :

Year:

Rotation:

Crop Yield:

Fertiliser/Manure used:

Fallow history:

Any other information you think may be useful:

E. Analysis required:

Total N, P, K, Ca, Mg, S, Zn, B, Fe, Mn, Cu, Mo, Cl

Any other elements or compounds

Fibre

Ether extract

Other analysis required

Calculations for field trials

There are many calculations that can trip us!  The following pages give worked examples of most of the calculations needed in field experiments.  The author of this section is not great at maths. So the following pages are intended for those of us who struggle with Maths, but want to get the right amount applied properly.  I aim to take you through each step to see how we have gone from a hectare (ha) down to a plot of 3m x 5 m.  Sometimes we have given a couple of ways of working out the problem then an overall calculation that will do it all for you.  There are some tables that allow a quick check – refer pages ?? 

First some abbreviations-

	As said
	Abbreviation
	As said
	Abbreviation

	Hectare
	Ha
	Metre
	M

	Kg per ha
	kg ha-1
	grams per pot
	g pot-1 

	
	
	g per square metre 
	g m-2 

	and some other things to keep in mind-

	1 ha =100 m x 100 m = 10,000 m2
	
	1000 mm, 100 cm and 1 m are the same length.
	


Remember-

g m-2  x 10 = kg ha-1 

So 15 g m-2  is the same as 150 kg ha-1

1 ha = 100m x 100m

1 kg = 1000g

When calculating amounts to apply, it is important to develop a feel for what looks right. What does a kg weight feel like, how long is a metre?  Think about those 500 g or 1 kg bags of rice.  Weigh them in your hand.  The next time a balance tells you that a tuber weighs 1 kg- does it seem reasonable?  Is it close to the 1 kg bag of rice? If so you are on the right track. 

Always get someone else to check your calculations before applying fertilisers or other chemicals to trial plots. Get it right first time!

When applying fertiliser to plots if the amount is out by a factor or 10 or 100 then we hope you will start to get a feel for what looks right and go back and check before you have applied a wrong rate.  If in doubt ask! Even if you are quite sure you are right, always get someone else to check your calculations before applying fertilisers or other chemicals to trial plots.  One mistake now can ruin a whole trial and waste a great deal of time.  Get it right first time!  

Weight of fertiliser per plot.

When conducting a fertiliser trial it is important to know what you are trying to demonstrate. It must be remembered that most commercial fertilisers contain a combination of nutrients in different amounts. You will need to consider which fertiliser to use and at what rate. If you are not sure get advice before starting the trial.   

Question- Some plots measuring 3m x 7m require 80 kg Urea ha-1. How many g of urea should we apply to each plot? 

Step 1.  Calculate the area of the plot in hectares by multiplying the length and width of the plot to get the plot area in m-2 and divide this by the number of m-2 in a ha (100x100)

A 3 m x 7 m plot = 3x7/100x100 ha = 0.0021 ha

Step 2 
calculate the amount of fertiliser to apply to the plot by multiplying the fertiliser rate in kg ha-1 and the size of the plot in ha.

80x0.0021 = 0.168 kg plot-1 or 168 g plot-1
So to apply 80 kg ha-1 to a 3 m x 7 m plot we have to weigh out 168 g of fertiliser into bags, carefully label the bag and set aside for future field application. It may be more practical to make a scoop that holds 168 g of urea by putting 168 g of urea into a plastic container or tin etc and marking the level that is filled by the container and then cutting the container down to the mark. The scoop can then be used in the field to measure the fertiliser. 

The next page gives a checking table to use in field experiments. Use the table to check that your calculations are correct.

Question:-

We want to apply 400 kg ha-1 of fertiliser to plots of 113 m2. 

Using the 400 kg ha –1 column:

	plot size
	rate kg plot-1

	100
	4.0

	10
	0.4

	3 (use 30 and divide by 10)
	0.12

	Total
	4.52


What would the answer be if our fertiliser was to be spread at a rate of 325 kg ha –1?  Answer = 3.67 kg.

Table ?? Checking table for conversions from kg ha-1 of fertiliser to kg of fertiliser plot-1 for field experiments- when the rate to apply is known and the plot area is known.

	Fertiliser kg ha-1 
	kg per plot

	
	100
	200
	300
	400
	500
	600
	700
	800
	900

	Plot size,  m2 
	1
	0.01
	0.02
	0.03
	0.04
	0.05
	0.06
	0.07
	0.08
	0.09

	
	5
	0.05
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40
	0.45

	
	10
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9

	
	20
	0.2
	0.4
	0.6
	0.8
	1.0
	1.2
	1.4
	1.6
	1.8

	
	30
	0.3
	0.6
	0.9
	1.2
	1.5
	1.8
	2.1
	2.4
	2.7

	
	40
	0.4
	0.8
	1.2
	1.6
	2.0
	2.4
	2.8
	3.2
	3.6

	
	50
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0
	4.5

	
	60
	0.6
	1.2
	1.8
	2.4
	3.0
	3.6
	4.2
	4.8
	5.4

	
	70
	0.7
	1.4
	2.1
	2.8
	3.5
	4.2
	4.9
	5.6
	6.3

	
	80
	0.8
	1.6
	2.4
	3.2
	4.0
	4.8
	5.6
	6.4
	7.2

	
	90
	0.9
	1.8
	2.7
	3.6
	4.5
	5.4
	6.3
	7.2
	8.1

	
	100
	1.0
	2
	3
	4
	5
	6
	7
	8
	9

	
	200
	2
	4
	6
	8
	10
	12
	14
	16
	18

	
	300
	3
	6
	9
	12
	15
	18
	21
	24
	27

	
	400
	4
	8
	12
	16
	20
	24
	28
	32
	36

	
	500
	5
	10
	15
	20
	25
	30
	35
	40
	45

	
	600
	6
	12
	18
	24
	30
	36
	42
	48
	54

	
	700
	7
	14
	21
	28
	35
	42
	49
	56
	63

	
	800
	8
	16
	24
	32
	40
	48
	56
	64
	72

	
	900
	9
	18
	27
	36
	45
	54
	63
	72
	81


The amount of fertiliser needed for a plot is calculated first.  Then having calculated the exact amount to weigh out for each plot, use this table as a quick check to ensure you have no mistakes.  

Calculating Weight of seed per plot. 

Before we can start we need to know 

	
	Example

	population required in plants m-2 
	130

	plot size
	15 x 1.5

	1000 seed weight
	48 g in every 1000 seeds.

	% germination
	in this case 83% of seeds germinated in our test.


The first step is to decide on the population of plants required.  We start by thinking in terms of the number of plants per m2 .  If we want 130 plants m-2 then the calculation is as follows

Calculate the plot area (m2) multiply this by the number of seeds per m2 divide this by the germination rate 83/100 and this gives the number of seeds needed. Divide this by 1000 then multiply by the weight per 1000 seeds to get the total weight of seeds required per plot.

=169 g / plot

A couple of pointers:-

How do we remember to multiply by 100 divided by % germination? The weight of seed must increase if the germination percent is less than 100%.  I find it best to think in terms of simple questions.  If the seed required was 40 g per plot and the germination was only 50% then I don’t need a calculator to tell me I need twice as much seed as every second seed is dead.  i.e. 80 g per plot. 

Calculate the seed weight by doing a couple of hand counts of 100 seeds, If they come out close, then average those two values and divide that value by 100, not the 1000 in the example.

Perhaps you are going to sow with a drill and you are not too sure how much seed to order. Remember to also consider guard areas and order at least 15% more than an exact amount of seed required. 

Watering experimental plots

1 mm of rain equals

1 litre per m2 

In many parts of the tropics we have either too much water for a period then too little!  This section relates to the time when you may need to apply water- either to a whole trial or to individual plots in an irrigation experiment.

There are many ways of applying water.  You will find that applying water evenly is very difficult.  Assessing evenness of water application can be done very simply.  Collect about 50 tin fish cans, all the same size- 300 g ?? is about right.   Put them out in a grid pattern as shown in Figure ??  Run the sprinklers for about 1 hour and then measure the amount of water in each can- Use a volumetric cylinder so that measurements can be made quickly- before too much of the water has evaporated.
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Worked example to calculate the number of mm of rainfall that have fallen when we know the area of a can used to collect water and the amount of water in mls in the can after a given period of time.

A researcher used a special kind of can – diameter was 6 cm. 

After 1 hour the can had 21 mls of water in it. How much rain has fallen?

From (r2 we know 

the area of the can is 3.141 * 32 = 28.26 cm2.

1 litre of water falling on 1 m2 is the same as 1 mm of rainfall.

  This is the same as 1 ml of water falling on 10 cm2 = 1 mm of rain.

or                            0.1 ml of water falling on 1 cm2  = 1 mm of rain.

0.1 ml x 28.26 cm2 = the number of mls falling in our can that is the same as 1 mm of rain.

= 2.826 ml of water in this can is the same as 1 mm of rain.

Therefore 1 ml of water in the can = 


But the researcher measured 21 ml of water

21 ml of water is therefore 


Figure ?? Grid pattern with cans to assess evenness of overhead sprinklers.

One key to putting on the right amount of water is knowing what people mean when they talk of 25 mm of rain.  This is the same as 25 mm depth of water over the whole area- province, village, farm, paddock.  The area of land is unimportant when we talk of 25 mm of rain.  However for a trial we need to know how many litres of water are needed to put 25 mm of rain onto a plot of 3 m x 7 m, using five trickle irrigation lines that drip water onto the plot.  To calculate this we need to know that 25 mm of rain is equivalent to 25 litres of water m-2   So the plot is 21 m2 and we want 25 l on every m2.  Therefore in the flow metre at the start of the plot we need to allow 25x21=525 litres of water.  An old style 44 gal drum holds 200 litres of water.  Even without a flow metre we should be able to organise a simple system that allows us to put on the 525 litres of water to each of the plots needing 25 mm of rainfall (irrigation water).

There are various trickle irrigation technologies.  The amount of water coming from each of the drippers needs assessing before the researcher can be confident that water is being applied evenly.  You may need to place your blocks according to a gradient of water flow.  For trickle/dripper technology to work evenly the plots must be level.  On sloping ground there are likely to be problems with differences in pressure and drippers that are lower will deliver more water than those higher up the plot.

It is important when you are doing trials that you do exactly the same things to all plots at the same time. Only the treatments being tested should be different.





Keep notes in your field diary of –


How?


Why?


What?


Where?


When?











It is amazing how quickly we can forget details!





Ensure that the trial site is representative of the area!





You need:-


At least one but preferably two 30 m tapes.


Pegs- appropriate final height, bearing in mind height of crop and length of time the trial will grow.


String- 100 m will be very useful in most field trial situations.  Remember to keep it in a dry place or you will find that it rots and is useless very quickly.


Hammers for those using long-term pegs.





Special attention has to be made to the selection of planting materials for trials!





Remember all plots in the trial have to be planted at the same time!





Good trial management often makes the difference between getting meaningful results and wasting the farmers and your time and effort!





Weed the trials regularly!





Regular monitoring for pests and diseases in the trial is required!      





Other activities, which may be undertaken on the trial, should be done the same way, at the same time on all plots in the trial unless they are part of a treatment.


     








Crop protection rules:


“The more important your plants are to you, the more palatable they are to animals such as chickens, goats, ducks, pigs, cattle, sheep”


“Chickens and ducks can fly higher and faster and further than anyone expected”


“Animals eat more of your precious trial plants than anyone thought was possible in half an hour.”





Constant and thorough monitoring of the trial is essential to obtain reliable results!





Keep the farmer motivated and interested!





If in doubt ask!





To simplify things in the field once the amount of fertiliser or other compound to be applied to a plot has been calculated a scoop to quickly measure this amount in the field can be made. Put the weighed material into a plastic container or tin etc and mark the level that is filled on the container and then cut the container down to this level. The scoop is now ready to be used to scoop the correct amount per plot in the field. 








It is best if one person spreads the fertiliser so that it is spread the some in all plots.





Don’t


Clean the orifice (hole in spray jet that gets blocked with ants, leaves and dirt) with a piece of wire.  


Don’t put any part of nozzle assembly- filter, check valve, tip to your mouth to blow through it for cleaning.  If you do, you may poison yourself.





Spray nozzles wear out.  


As they wear the flow rate increases and droplet size increases.


This can really reduce the effectiveness and evenness of spraying





Personal responsibility works well in most circumstances.





� EMBED Equation.3  ���
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� This can be discussed by the class; it should in practice also be discussed with the farmers. There is no ‘right’ and ‘wrong’ answer.
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