[bookmark: _Toc365013554][bookmark: _GoBack][image: ]Session 3: Water Harvesting and Storage 

Session Rationale 
In semi-arid and arid environments, the capture and storage of water is crucial for successful agricultural production. Many of the techniques for doing this are simple to execute and able to be carried out by small-scale farmers. This session will present the basic principles of water capture and storage and discuss a few techniques in detail. The goal is to give participants the background they need to be able to assist agriculturalists in choosing the most effective measures to manage water and implement them.
[image: ][image: ]Time 2 hours, 30 minutes  Audience PCTs at PST or PCVs at IST
Terminal Learning Objective	
Shown a plot of land, each participant will describe at least two soil and one water conservation and/or management techniques and/or practices that will sustainably maintain or improve agricultural crop production.
Session Learning Objectives 
After listening to a mini-lecture, participants will say what the two methods are for improving soil water retention (1. Improving soil structure through soil amendments; 2. Using earthworks to increase infiltration and retention of water.) 
After listening to a mini-lecture, participants will explain at least four basic techniques of water capture and storage (various types of berms and swales, Zai (planting pits), catchment and infiltration basins, terraces, net and pan, spillways, etc.) 
Working in pairs, each participant will demonstrate how to construct an A-frame, calibrate it, and use it to measure and mark a contour line. 
During a practicum exercise, participants will demonstrate they can implement at least one water capture or storage technique. 
Session Knowledge, Skills, and Attitudes (KSAs)
1. The importance of water capture and storage for agriculture and tree-planting in arid and semi-arid environments. (K)
What happens to rain water when it hits the ground (the water-soil system). (K)
That successful water management depends on both water capture and storage in soils. (K)
The importance of soil structure in water storage. (K)
How controlling soil erosion and capturing runoff are connected. (K)
Various techniques for capturing and storing water. (K)
How to carry out at least one water capture/storage measure. (S)
Prerequisites 	
Global Agriculture or Global Environmental Core, Introduction to Soil and Soil Conservation Sessions 1 and 2. 
Sector:		Agriculture and Environment
Competency:		Facilitate Natural Resource Planning and Management (Environment); Improve Basic Agricultural Practices (Agriculture)
Training Package:		Soil and Water Conservation
Version:		Jan-2016
Trainer Expertise: 		An understanding of basic soil science and soil enhancement practices and experience with locally applicable methods of water capture. Experience with building water catchment solutions. Experience using and building an A-Frame.
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[bookmark: _Toc365013556]Contributing Posts: This session was adapted from materials prepared by Peace Corps Senegal. 

Session: Water Harvesting and Storage
Date: [posts add date]
Time: [posts add xx minutes]
Trainer(s): [posts add names]
Trainer Preparation
1. Review the PowerPoint and replace stock images with locally relevant pictures. 
2. Print and distribute Handout 1: Pre-Reading on Water Catchment Vocabulary to participants at least 2-3 days before the session.
3. For the A-frame and soil slope exercises:
· Locate a training site with ample sloped land that has between a 3:1 and 2:1 slope (run:rise)
· Gather the materials needed (see below)
· Make a sample A-frame. Use a carpenter’s level if levels are easily available, or the plumb line version. The water hose A-frame is another alternative. 
· Measure the slope of the area where the participants will be practicing slope measurement, so you can know the “right” answer and evaluate how accurate the participants’ results are.
4. For the construction of water capture/storage earthworks: 
At least one day before the scheduled session, go to the site and make a small demo of the following earthworks: 
· Standard berm and swale
· Boomerang berm and swale
· Basin
· Diversion swale
· Terrace
Make sure to include:
· One overflow barrier made of stone or brick
· One end cap made of stone or brick
On the morning before the session begins, gather all necessary tools and materials.
[bookmark: _Toc236737427][image: ]Materials
Equipment
For A-frame construction, for each pair of participants:
· Two poles about 2 meters long
· One pole about 1 meter long
· Some wire and wire cutter
· Stone or carpenter’s level, or a small clear plastic bottle to use as a levelSticks 30-60 centimeters (1 to 2 feet) in length
For measuring slope, for one or two participants:
· String level
· Length of string or twine 4-10 meters long; nylon twine works best
· Measuring tape or ruler about 1-1.5 meters long with centimeter markings
For construction of earthworks: 
Round shovel, one per two participants
Square shovel, one per two participants
Pick, one per two participants
Large hoe, one per two participants
Rake, one per two participants
Straight sticks, 1.5 meters, two per 4-5 participants
Straight sticks, 1 meter, one per 4-5 participants 
Small hoe, one per two participants
Rope 20 meters
Two or three machetes
Mason level, one per 10 participants
Cord, 20 meters
Handouts
Handout 1: Pre-Reading on Water Catchment Vocabulary
Handout 2: Tip Sheet for Building Earthworks
Trainer Materials
Trainer Material 1: PowerPoint (separate file) —Water Harvesting and Storage


Note for posts: To make it easy for you to print only select sections of the session plan, each section (Motivation, Information, etc.) currently starts on a new page. 

If you would like to use the session in its entirety, consider removing the page breaks (back-spacing from the headings that start on a new page) to use less paper. 

[bookmark: _Toc235768739][bookmark: _Toc236737428][bookmark: _Toc364750611][bookmark: _Toc365013557][bookmark: _Toc404698082]To re-insert page breaks, place your cursor in front of the word you want to move to the next page. Go to Page Layout, Breaks, Section Breaks, and then Next Page.
[bookmark: _Toc439852260]Motivation	[image: ] 5 min
[bookmark: _Toc364750612][bookmark: _Toc404698083][bookmark: _Toc439852261]Participants recall what they have learned about the importance of soil structure in retaining water for plant growth
This section will help session participants recall what they learned in previous sessions about the critical importance of soil structure in water retention. They will build on this knowledge to explore water capture and storage in more depth. 
[bookmark: _Toc365013558]Ask participants to describe the characteristics of soil which enable it to retain water for plant growth (Soils have to contain pores that can hold water. The pores, however, cannot be too large, such as those found in sandy soil, or the water will percolate down to the water table.) 
Ask participants to give examples of some activities that improve the ability of soil to retain water (e.g., increasing organic content, such as through composting or amending it with a different type of soil, such as adding sand to clay-filled soil, or adding loam to sandy soil). 
[bookmark: _Toc364750613][bookmark: _Toc365013566]Tell participants that they should pay attention to soil structure when they are trying to increase the availability of water in soils, but that this session will also be introducing other measures they can carry out to meet this objective.
Ask participants what they have noticed about the availability of water for agricultural activities. Is water rare or easily acquired? This question is intended to establish that without water, it is not possible to grow anything; so water is fundamental to everything we do in agriculture and the environment. 
[bookmark: _Toc404698084][bookmark: _Toc439852262]Information 	[image: ] 25 min
[bookmark: _Toc404698085][bookmark: _Toc439852263]Participants learn fundamental concepts about water harvesting and storage and how to apply them in implementing specific water management measures 
Many water capture and storage techniques exist, but no one technique fits all situations. Participants must be able to consider and adapt to a range of factors if they are to choose the most effective water management practices for their communities. To do this, they have to understand some fundamental water management principles and be acquainted with some of the water management techniques they can use. 
[bookmark: _Toc365013571] Post Adaptation: The specific examples of earthworks described in the PowerPoint come from a training program developed by Peace Corps/Senegal. It is intended as a resource that you can adapt to suit your training needs. Feel free to edit, removing slides that are not helpful and adding slides that are. Obviously, water capture and storage techniques have to be site-specific and will vary according to a range of factors (e.g., climate, purpose, local customs and preferences, soil conditions, host government policies, and the crops and trees that will benefit). 
1. [image: ] [SLIDE 1]: Water Capture and Storage (Title Page)
 Note: Quickly summarize the objectives of the session, which are to enable the participants to explain the basic principles of water capture and storage and implement at least one water capture or storage technique in their host communities. Prompt participants to refer to Handout 1: Pre-Reading on Water Catchment Vocabulary during this presentation in case they get confused about any of the technical terms being used. 
 [image: ] [SLIDE 2]: Introduction to the Session (Picture of water capture/storage scheme)
[image: ] Possible Script: This session will introduce you to a range of water harvesting and storage techniques and the principles behind them. We want you to be able to choose and implement water management measures that best fit the conditions you will encounter in your respective communities. 
[image: ] [SLIDE 3]: Goals of Water Capture and Storage 
[image: ] Possible Script: What is the goal of water management? (To provide sufficient water during dry periods to plants such as agricultural crops, garden crops, and trees). To do that, people try to 1) capture water from rainfall, wells, and surface water bodies to divert to areas where it can encourage plant growth, and 2) improve the ability of soils to retain water that they do receive. It will do little good to divert water to fields, gardens, and woodlots if the soils can’t store it. Likewise, soils can’t store water if they don’t have it.
[image: ] [SLIDE 4]: The Soil-Water System 
[image: ] Possible Script: When water hits soil, it can do several things: What are they? In dry periods, which of these do you generally want to achieve? (Infiltration into the soil where it is either retained or drawn up by plant roots.) What do you want to reduce? (Evaporation, runoff, and percolation to the groundwater).
-Water evaporates from the ground surface.Water flows off the ground surface in runoff.
-Water infiltrates into the soil and can be retained.
-Water can be absorbed by plant roots to be eventually transpired back to the atmosphere.
-Water can percolate through the soil to the groundwater. 
[image: ] [SLIDE 5]: Methods for Water Capture and Storage
The two major methods to capture and store water include:
· Improving soil structure. This includes techniques such as composting and amending the soil with sand or loamy soils. Other techniques include growing cover crops and mulching. These techniques are discussed in more detail in Sessions 1 and 2 of the Soil and Water Conservation Training Package. 
· Earthworks. These include:
· Mounds of earth that impede water runoff and divert water to plantings.
· Depressions in the soil that collect and retain water.
These techniques are employed in various combinations to suit different situations. 
[image: ] [SLIDE 6]: Berms and Swales 
[image: ] Possible Script: Berms and swales are mounds of earth and trenches used in combination. Berms hold the water back, while the water collects in the swales.
[image: ] [SLIDE 7]: Berms and Swales 
[image: ] Possible Script: Here is a diagram illustrating an example. The plants on the berm help hold the soil in place. A variety of plants, with different water, shade, and soil requirements, can be planted on the berm. Legumes, such as the tree and beans, provide nitrogen to the soil. The variety of crops helps control pests.
[image: ] [SLIDE 8]: Berms and Swales 
[image: ] Possible Script: As mentioned, a berm and swale system captures and retains water. Since it slows down water flow, it also reduces soil erosion. Dead leaves and other organic materials collect in the swales, improving soil fertility and structure. 
[image: ] [SLIDE 9]: Berms and Swales 
[image: ] Possible Script: The standard berm and swale system follows the contours of the landscape and can be used under these conditions. 
[image: ] [SLIDE 10]: Berms and Swales 
[image: ] Possible Script: Here is an illustration of the standard berm and swale system. Note how long and continuous the berms and swales are and how they follow the contour. 
[image: ] [SLIDE 11]: Berms and Swales 
[image: ] Possible Script: So-called “boomerang berms” are shorter and often overlapping. You can use them when long, continuous berm/swale systems are not practical, either because of the existing vegetation, the relief of the land, or the scale of the plantings.
[image: ] [SLIDE 12]: Berms and Swales 
[image: ] Possible Script: Here is an illustration of a boomerang berm and swale system. Note the series of overlapping berms. 
[image: ] [SLIDE 13]: Berms and Swales 
[image: ] Possible Script: This illustration shows both standard and boomerang berms and swales working together in the same plot of land. You should feel free to choose whatever combination best suits your particular situation. 
[image: ] [SLIDE 14]: Berms and Swales 
[image: ] Possible Script: This is a small berm/swale system in a garden. Why would the banana trees be planted in the swales? (Both for water and for collected dead leaves) What is holding the berm together? (Plants) 
[image: ] [SLIDE 15]: Berms and Swales 
[image: ] Possible Script: Here’s another view. 
[image: ] [SLIDE 16]: Basins 
[image: ] Possible Script: Let’s take a quick look at basins, which are simply depressions in the ground that collect water. There are two types of basins: infiltration and catchment. Can you guess the difference between them? (Infiltration encourages water to soak into the soil where it is stored below the surface, while catchment basins hold/store water above ground to be used to irrigate plants.) 
[image: ] [SLIDE 17]: Infiltration Basins 
[image: ] Possible Script: Infiltration basins are pretty simple and straightforward structures; here is when you might build them.
[image: ] [SLIDE 18]: Infiltration Basins 
[image: ] Possible Script: Here is an infiltration basin illustrated, showing the flow of water into the basin. Remember that the water will percolate out of range of the plant unless the soil structure can retain it. 
[image: ] [SLIDE 19]: Catchment Basins 
[image: ] Possible Script: Catchment basins are similar to infiltration basins except that they are surrounded by a berm. Here is when you might use them. 
[image: ] [SLIDE 20]: Catchment Basins 
[image: ] Possible Script: Here are some catchment basins. Note that they are also serving to collect dead leaves, which will help retain water and, when they decompose, improve soil fertility and structure. 
[image: ] [SLIDE 21]: Catchment Basins 
[image: ] Possible Script: Here are some more.
[image: ] [SLIDE 22]: Catchment Basins 
[image: ] Possible Script: And some more. 
[image: ] [SLIDE 23]: Diversion Swales 
[image: ] Possible Script: Diversion swales are similar to the standard berm and swale system we’ve already discussed, except that they slowly direct flowing water rather than stop it. To accomplish this, they are constructed at an angle, not perpendicular to the slope. You use them when you have too much water on hand or when you want to divert it to another place.
[image: ] [SLIDE 24]: Diversion Swales 
[image: ] Possible Script: Here is a diversion swale in Senegal. Note that it is diverting water into a pair of catchment basins.
[image: ] [SLIDE 25]: Diversion Swales 
 Possible Script: And here. 
[image: ] [SLIDE 26]: Diversion Swales 
 Possible Script: Here they are constructing a diversion swale.
[image: ] [SLIDE 27]: Terraces 
[image: ] Possible Script: Terraces are simply flat shelves on sloping land. They harvest water and, when they slow down runoff, also combat soil erosion. 
[image: ] [SLIDE 28]: Terraces 
[image: ] Possible Script: Here you can see an early stage of terrace construction.
[image: ] [SLIDE 29]: Terraces 
[image: ] Possible Script: And here’s how they ended up. 
[image: ] [SLIDE 30]: Terraces 
[image: ] Possible Script: Note that these terraces include barriers perpendicular to the terrace berms. What would be their purpose? (Retain more water) 
 [image: ] [SLIDE 31]: Net and Pan 
[image: ] Possible Script: Net and pan systems serve to capture more water than standard berms and basins, as the catchment area to serve each tree is larger. 
[image: ] [SLIDE 32]: Net and Pan 
[image: ] Possible Script: This diagram illustrates how a net and pan system looks, with each tree, in this case, residing within its own catchment basin and the basins together forming a grid that gets maximum use out of the parcel of land. 
[image: ] [SLIDE 33]: Net and Pan System, Australia
[image: ] Possible Script: Here is a net and pan system being employed in Australia. 
[image: ] [SLIDE 34]: Zai Holes 
[image: ] Possible Script: Zai holes are simply pits dug into the soil, to collect water for field crops. Pretty simple!
[image: ] [SLIDE 35]: Zai Holes 
[image: ] Possible Script: Here is what a field of Zai looks like.
 [image: ] [SLIDE 36]: Stabilizing Earthworks 
[image: ] Possible Script: Once you’ve constructed the earthworks, you need to stabilize them, and you can choose several very simple techniques, such as these.
[image: ] [SLIDE 37]: Spillways 
[image: ] Possible Script: Spillways are simply notches cut into the berms to release water once it reaches a certain height. 
[image: ] [SLIDE 38]: Spillways – Standard Berms and Terraces 
[image: ] Possible Script: Here you can see three spillways. Why do you think they covered them with sticks? (To prevent flowing water from taking away the dirt. The sticks can let water through but keep dirt in place.) Why do you think they are not aligned into one large chute? (To reduce the momentum and therefore the erosive force of the flowing water.) 
[image: ] [SLIDE 39]: Spillways – Boomerang Berms 
[image: ] Possible Script: Boomerang berms, with tapered ends, can also release excess water.
[image: ] [SLIDE 40]: Mulching 
[image: ] Possible Script: You’re probably all familiar with mulching; a really good technique, both for storing water and for holding soil in place. 
[image: ] [SLIDE 41]: Mulching 
[image: ] Possible Script: Here’s some mulching from Senegal. 
[image: ] [SLIDE 42]: Mulching 
[image: ] Possible Script: And here as well. 
[image: ] [SLIDE 43]: Plantings 
[image: ] Possible Script: Once you have constructed a berm, it’s best to stabilize it with plants, the roots of which will help hold it in place. 
[image: ] [SLIDE 44]: Plantings 
[image: ] Possible Script: You can choose from a variety of plants, depending on what you might like to grow and what the soil conditions are. Here some examples from Senegal. 
[bookmark: _Toc364750615][bookmark: _Toc365013575]Distribute Handout 2: Tip Sheet for Building Earthworks and give participants a few minutes to read over the information. Explain that this handout provides useful tips on how to do earthworks, and they will want to save this information for later for use at their sites. They will also use the sections on building A-frames in the next activity. 
 Note: Learning Objective 1 is assessed in the Information section as a large group debrief discussion of the mini-lecture. 


[bookmark: _Toc439852264]Practice	[image: ] 60 min
[bookmark: _Toc439852265]Participants construct A-frames and practice using them to mark contour lines. They also practice determining soil slope
Any time Volunteers construct earthworks or implement schemes to capture water on sloping land or reduce soil erosion caused by flowing water, they will need to determine contour lines and slope. 

Part 1: A-Frames
1. [bookmark: _Toc365013576]Have each participant read the applicable sections of  Handout 2 on  constructing and using A-frames. Also distribute the materials needed to construct individual A-frames. 
[bookmark: _Toc364750617][bookmark: _Toc365013584]STEP 1: Explain how to build the A-frame. Hold up the sample A-frame and ask participants to notice how it is constructed. Mention different alternative ways to make the A-frame, such as using bamboo or different kinds of wood, tying versus nailing it together, etc. Ask participants to say what characteristics of the A-frame are important for it be an accurate measuring tool (e.g., legs are the same length, the crossbar is nailed to the legs at the same height, the joints are fixed, not moveable). Ask why these characteristics are important (necessary to calibrate the A-frame and keep the measurements uniform). Note that poles can be cut from brush or bamboo. Wire or nails can be used to secure the three pieces together. The cross arm is placed about one-half to two-thirds of the way up and should be mounted at the same height on both legs. Make the feet somewhat pointed at the bottom.
If building the plumb-line A-frame, note that it is not as accurate as a level, especially in windy conditions, but will be accurate enough when the wind is still. 
Mounting the plumb-line: attach a string to a nail in the top joint of the A-frame. Hang a small weight like a fishing sinker or piece of metal scrap at the end as a plumb-bob. Draw a line on the crossbar that marks the exact center of the bar. 
If building an A-frame with a carpenter or string level, note that it’s necessary to use a very straight and smooth piece of wood for the cross arm. Attach the carpenter or string level firmly to the cross arm. If a carpenter level is not available, use a small, clear bottle with a line drawn very evenly, down the center of the bottle. Fill the bottle so that when sitting still on a level surface, the water rests at the center mark on the bottle. 
[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcQVZYHmSpjMRwkd2_UkJuUh9ycMOYVmpVpMa3Aoz9vW90JvpvAi]












[image: http://thumbs.dreamstime.com/z/purify-drinking-water-clear-bottle-25847539.jpg]Simple water bottle level.



STEP 2: Once you are certain, based on questions and responses showing that participants understand the task and the requirements for building an A-frame, have them get into pairs and work together to construct the A-frame. 
STEP 3: Calibrate the A-frame to make it accurate. It is important to calibrate the A-frame because you can’t be sure that the ground you are testing the A-frame on is actually level. Calibrating it will enable you to be certain that your measurements are consistent and reliable. 
Explain to participants how to calibrate a plumb-line A-frame and observe each pair as they calibrate their A-frames. 

Find the level mark on the cross arm, choose a fairly level spot of ground. Now pound two pointed stakes about 25 to 30 centimeters long halfway into the ground at a distance equal to the spread of the A-frame’s legs.

Stand the A-frame on the stakes and make a pencil mark where the plumb-line comes to rest. Now reverse the legs and make a second mark. The true level mark will be located exactly halfway between. Mark it with a pencil.

To double-check your calibration, adjust the A-frame's position by gradually pounding one of the stakes further into the ground until the plumb-line comes to rest on the true level mark. Now reverse the A-frame’s legs again; if the plumb-line returns to rest on the level mark, the A-frame is properly calibrated.
Explain to the participants how to calibrate a carpenter or string level A-frame, and observe each pair as they calibrate their A-frames. 

The bubble should be centered between the two lines on the level, or the water in the water bottle should be evenly spread in the water bottle. when the A-frame’s legs are sitting on two points that are perfectly horizontal to each other. If the bubble is not in the middle, check to make sure that the legs are the same length and the cross arm is mounted on both legs at the same height. Also make sure that the piece of wood used for the cross arm is perfectly straight.

 As a final check, rotate the A-frame 180 degrees so the position of the legs is exactly reversed. The bubble should indicate level again. If not, either the cross arm is not mounted on the legs at the same height or the level is defective. Check the level by placing it on a perfectly horizontal surface and rotating it 180 degrees. An accurate level will produce no change in the bubble’s centered position when rotated.

STEP 4: Participants practice laying out contour lines with the A-frame.

Have each pair of participants pound a stake into the ground at the starting point to serve as a contour line (i.e., the start of a proposed contour ditch or a strip of a closely-sown crop that will run across the field).

Have them stand the A-frame in the soil with one leg directly at the base (not on top) of the first stake and the other leg pointing in the approximate direction the contour line will run.

Keeping the leg at the base of the first stake in place, use it as a pivot point to move the other leg up and down the slope until they get a level reading with the plumbline (or level). Have the participants pound in a second stake where this leg comes to rest.

Have them shift the A-frame one stake over so the leg that rested at the base of the first stake now rests at the second stake. As in Step 3, move the other leg uphill or downhill until the A-frame is level, and pound in another stake.

Keep repeating Step 4 until all the pairs reach the end of the field.

Even out irregularities: Even on uniform slopes, small rises and depressions in the terrain may cause some stakes to be out of line. Even out any deviations by slightly altering some of the stakes’ positions.

Have the participants compare the lines and see if they are parallel. If they are not, ask them to discuss why. 

Ask participants what their questions are about using A-frames. Answer questions and correct any mistaken information they have surmised. 

Part 2: Determining Slope:
The slope of the terrain is important in planning soil conservation strategies. Ideally, annual crops are only planted on flat or gently sloping areas; more steeply sloping areas (35% or more) should be used for perennial crops such as fruit trees or forage. Natural vegetation are best for very steeply sloping areas (50% or more). Terrain slope is also used when deciding on the distance between successive contour structures. 
1. Organize the participants into pairs, give each pair the materials they will need, and ask them to read the applicable sections of Handout 2 on measuring slope, which describes how to measure slope and why it is important to do so. Ask each participant to measure the slope of the area you have selected (and previously measured). Both members of each pair should achieve similar results; if they don’t, ask them to figure out why their numbers don’t agree (e.g., the levels weren’t level, someone didn’t do the math correctly) and to then try again. Compare their results with yours to see how accurately the participants made their measurements.
[image: ] Note: Learning Objective 2 is assessed in the Practice section by observing the participants constructing the A-frames, then calibrating and using them.

[bookmark: _Toc439852266]Application 	[image: ] 60 min
[bookmark: _Toc364750618][bookmark: _Toc439852267]Participants practice constructing water capture/storage earthworks
[bookmark: _Toc365013585]During this session, participants will practice applying the skills and knowledge they have acquired so far in constructing water capture/storage earthworks.
1. Prior to this session, select a parcel of land where the participants can practice at least one earthwork technique, and gather the tools they will need. Refer to the materials list at the beginning of the session plan. 
Organize the participants into groups of three or four people. Assign each team to construct a different type of earthwork. Give each team a handout with instructions for the earthwork technique they are building, including the materials to be used and the dimension of the resulting earthwork. Have each team review the instructions and ask questions to clarify. 
As they proceed, circulate among the groups, making sure that they are building the structures according to the instructions provided. Once everyone is finished, ask the members of each team to explain to the others what they did. 
[image: ] Note: Learning Objective 3 is assessed in the Application section with the observation of the materials and earthworks constructed by the participants.



[bookmark: _Toc359853534][bookmark: _Toc235768743][bookmark: _Toc236737436][bookmark: _Toc364750619][bookmark: _Toc365013593] 
[bookmark: _Toc439852268]Assessment
Learning Objective 1 is assessed in the Information section as a large group debrief discussion of the mini-lecture. 
Learning Objective 2 is assessed in the Practice section by observing the participants constructing the A-frames, then calibrating and using them. 
Learning Objective 3 is assessed in the Application section with the observation of the materials and earthworks constructed by the participants.
[bookmark: _Toc359853535][bookmark: _Toc235768744][bookmark: _Toc236737437][bookmark: _Toc364750620][bookmark: _Toc365013594][bookmark: _Toc439852269] Trainer Notes for Future Improvement	
Date and Trainer Name: [What went well? What would you do differently? Did you need more/less time for certain activities?]

[bookmark: _Toc439852270]Resources
The Peace Corps. Rev. 2013. An English-Spanish Glossary of Terminology Used in Forestry, Range, Wildlife, Fishery, Soils, and Botany: Glosario en Ingles-Espanol de Terminologìa usada en foresales, pastizales, fauna Silvestre, pesqueña, suelos, y botanica (R0091).
The Peace Corps. 1984. A Glossary of Agricultural Terms, English/Spanish, (Reprint R-9).
The Peace Corps. Rev. 2014. Intensive Vegetable Gardening for Profit and Self-Sufficiency (R0025).
The Peace Corps. Rep. 1990. New crop production handbook (R0006). 
The Peace Corps. 1983. Small scale irrigation systems for Peace Corps Volunteers. (R0010)
The Peace Corps. Rev. 2014. Soil and Water Conservation for Small Farm Development in the Tropics (R0084). 
The Peace Corps. Rev. 2014. Soil Conservation Techniques for Hillside Farms: A Guide for Peace Corps Volunteers (R0062).
The Peace Corps. 1986. Soil, Crops, and Fertilizer Use: A Field Manual for Development Workers (R0008).
The Peace Corps. 1981. Traditional Field Crops (M0013).



[bookmark: H1]Handout 1: Pre-Reading on Water Catchment Vocabulary
The Goals of Water Capture and Storage 
The goal of water management is to provide sufficient water during dry periods to plants such as agricultural crops, garden crops, and trees. 
Capture water from rainfall, wells, and surface water bodies to divert to areas where it can encourage plant growth
Improve the ability of soils to retain water that they do receive
The Soil-Water System — when water hits soil, it may:
Evaporate from the ground surface
Flow off the ground surface in runoff
Be absorbed by plant roots and eventually transpired back to the atmosphere.
Percolate through the soil to accumulate as groundwater
Methods for Water Capture and Storage
· Improve soil structure. This includes techniques such as composting and amending the soil with sand or loamy soils. Other techniques include growing cover crops and mulching. 
Examples of earthworks include:
· Berms are mounds of earth that impede water runoff and divert water to plantings.
· Swales are trenches or depressions in the soil that collect and retain water.
· Berms and swales are used together. Berms hold the water back, while the water collects in the swales. Plants on the berm help hold the soil in place. A variety of plants, with different water, shade, and soil requirements, can be planted on the berm. Legumes, such as the tree and beans, provide nitrogen to the soil. The variety of crops helps control pests. Berm and swale systems capture and retain water. Since it slows down water flow, it also reduces soil erosion. Dead leaves and other organic materials collect in the swales, improving soil fertility and structure
· Basins are depressions in the ground that collect water. There are two types of basins: 
· Infiltration basins encourage water to soak into the soil where it is stored below the surface
· catchment basins hold/store water above ground to be used to irrigate plants
· Diversion swales slowly direct flowing water rather than stop it. To accomplish this, they are constructed at an angle, not perpendicular to the slope. 
· Terraces are flat shelves on sloping land. They harvest water and, when they slow down runoff, also combat soil erosion. 
· Net and pan systems capture more water than standard berms and basins, as the catchment area is focused on a tree and is usually larger. 
· Zai holes are pits dug into the soil, to collect water for field crops. 
· Spillways are notches cut into the berms to release water once it reaches a certain height.
· Mulching is a technique for storing water and for holding soil in place.
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8 Principles of Successful Earthworks
1. Begin with long and thoughtful observation
2. Start at the top of the landscape and work your way down
3. Start small and simple, and expand from there
4. Slow, spread, and infiltrate the flow of water
5. Always plan an overflow route, and manage that overflow as a resource
6. Create a living sponge
7. Always stack functions
8. Continually reassess your system and make changes and repairs when necessary 
Assessing the Site: Make Observations
· What is the predominate direction of wind and rain?
· Are there large, vegetation-free areas upslope that will drain to the site?
· Where are the human and animal traffic flows?
· Has the land been damaged by water erosion?
· Is there any existing vegetation that survives year-round on annual rainfall?
· If so, do you want to keep it on the landscape?
· If yes, how big will it be when it reaches maturity?
Tracking Water Flow
· Rainy Season:
· Stand outside in a rain storm
· After the first two rains, before the land starts to re-vegetate, look for flow and sink patterns in the soil
· Dry Season:
· Thicker vegetation and topsoil indicates areas where water moves slowly or settles on the landscape
· Thinner vegetation and erosive soil patterns indicate areas where water moves quickly, or does not settle on the landscape
· Measuring slope and marking contour: Once water courses have been tracked, it is important to measure the slope and mark out the contour
· NOT all types of earthworks are appropriate for steep slopes
Tools:
· A-frame – Tool used to find level points and mark the contour of the landscape
· Slope finder – Tool used to find the slope of a hill as calculated in RUN over RISE
Tips for Successful Earthworks
1. Practice building the earthwork before showing others how it’s done. 
2. Investigate your area’s indigenous water capturing strategies.
3. Make earthwork swales deeper and berms bigger than you might initially think necessary.
4. Pay attention to three important elevations: spill-way, surrounding land area, and the bottom of the basin.
5. Make sure water percolates.
6. Re-grade land around buildings to prevent water pooling at foundations.
7. Use native or drought tolerant vegetation for areas that won’t be irrigated.
8. Where possible, establish plantings on berms before the beginning of the rainy season.
Points of Caution
· Do NOT sink water into earthworks within 3 meters of walls or buildings
· Always check for underground water-lines
· Avoid working on slopes greater than 3:1
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From Soil, crops, and fertilizer use (R0008), Peace Corps Knowledge and Learning Unit, 1986
An A-frame is a tool used to find level points and mark the contour of the landscape. This information is used to construct berms, swales, and rock lines, which will reduce water runoff and decrease erosion.
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FIGURE 1: Plumb-line A-frame (left) and carpenter’s level A-frame (right) used for laying out contour lines.

Making and Calibrating an A-Frame

Items Needed: 

· Two wood or bamboo poles about 2 meters long

· One wood or bamboo pole about 100 to 120 centimeters long

· A hammer and nails

· Wire and a wire cutter

· A small carpenter’s level (about 20-40 cm long) or a homemade plumb-bob and 1 meter of string, or a simple water bottle level

STEP 1: Build the A-frame as in the drawing above. Poles cut from brush or bamboo will work. Twine or nails can be used to secure the three pieces together. The cross arm is placed about one-half to two-thirds of the way up and should be mounted reasonably level. Make the feet somewhat pointed at the bottom.

STEP 2: You can use either a plumb-line or a carpenter’s level on the A-frame for determining contour lines.

A plumb-line will be accurate enough when the wind is still but isn’t reliable in any type of breeze.

a. Mounting the plumb-line: It should be hung from a nail (centered in the juncture) where the two legs meet. Hang a small weight like a fishing sinker or piece of metal scrap at the end as a plumb-bob.

b. Mounting a carpenter’s level: In this case, be sure to use a very straight and smooth piece of wood for the cross arm. Tie the carpenter’s level firmly to the cross arm with twine as shown above. Note: You can try using a small string level instead.

STEP 3: Now you can calibrate the A-frame to make it accurate as follows:

a. Calibrating a plumb-line A-frame

• To find the level mark on the cross arm, choose a fairly level spot of ground. Now pound two pointed stakes about 25-30 cm long halfway into the ground at a distance equal to the spread of the A-frame’s legs.

• Stand the A-frame on the stakes and make a pencil mark where the plumb-line comes to rest. Now reverse the legs and make a second mark. The true level mark will be located exactly halfway between. Mark it with a pencil.

• To double-check your calibration, adjust the A-frame’s position by gradually pounding one of the stakes further into the ground until the plumb-line comes to rest on the true level mark. Now reverse the A-frame’s legs again. If the plumb-line returns to rest on the level mark, the A-frame is properly calibrated.

b. Calibrating a carpenter’s level A-frame

• In this case, you want the carpenter’s level to read level (i.e., bubble centered between the two lines, or a simple water bottle level with the water even with the bottle mid-linewhen the A-frame’s legs are sitting on two points that are perfectly horizontal to each other. The easiest approach is to make sure that the following measurements in Figure 1 are equal to each other: AB = AC, DB = EC; also make sure that the piece of wood used for the cross arm is perfectly straight.

Simple water bottle level



• To test the A-frame, set its legs on two stakes that have been hammered into the ground (as above). If the bubble rests to the right of center, gradually pound the right stake into the ground until the bubble is centered between the lines. If the bubble rests to the left, do the same with the left stake.

• As a final check, rotate the A-frame 180 degrees so the position of the legs is exactly reversed. The bubble should indicate level again. If not, either the distances DB and EC aren’t equal or perhaps the carpenter’s level is defective. (When placed on a perfectly horizontal surface, an accurate level will produce no change in the bubble’s centered position when rotated 180 degrees.)

Laying Out Contour Lines With an A-Frame

Contour lines run at right angles to the slope (across the slope). All points on the line are at the same elevation. Here’s how to lay out a contour line with an A-frame:

Items needed: A-frame, stakes, hammer (or rock)

STEP 1: Pound a stake into the ground at the starting point for a contour line (i.e., the start of a proposed contour ditch or a strip of a closely-sown crop that will run across the field).

STEP 2: Stand the A-frame in the soil with one leg directly at the base (not on top) of the first stake and the other leg pointing in the approximate direction the contour line will run.

STEP 3: Now keep the leg at the base of the first stake in place and use it as a pivot point to move the other leg up and down the slope until you get a level reading with the plumb line (or carpenter’s level). Pound in a second stake where this leg comes to rest.

STEP 4: Now shift the A-frame one stake over so the leg that rested at the base of the first stake now rests at the second stake. As in Step 3, move the other leg uphill or downhill until you get a level reading, and pound in another stake.

STEP 5: Keep repeating Step 4 until you reach the end of the field.

STEP 6: Even out irregularities: Even on uniform slopes, small rises and depressions in the terrain may cause some stakes to be out of line. You can take out any abrupt deviations by slightly altering some of the stakes’ positions.


I. 
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HOW TO MEASURE SOIL SLOPE

One of the first steps in undertaking soil conservation practices on a farm is to measure soil slope, since it’s a main factor in influencing erosion susceptibility, as well as the type of conservation methods best suited.

Soil Slope Basics

Soil slope is almost always measured in percent rather than degrees, and you’ll see why this is more convenient as we move along. Land with a 4 percent slope has a vertical drop of 4 meters for every 100 meters of horizontal distance. A slope of 100 percent is not a vertical cliff but equal to 45 degrees (1-meter vertical drop per 1-meter horizontal distance).
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FIGURE 2: Illustration of slope percentages.
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FIGURE 3: A carpenter’s (or mason’s) string level (actual size)


How to Use a String Level to Measure Soil Slope

Perhaps you can borrow an inclinometer (Abney level) from your extension or forestry service. However, farmers can easily measure soil slope accurately using a simple device called a string level that’s used by masons and carpenters worldwide (Figs. 3 and 4). It should be available at any hardware store for about $1-$3 (U.S.).
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FIGURE 4: Measuring soil slope with a string level.	

Items Needed: 
· String level

· Length of string or twine 4-10 meters long; nylon twine works best

· Measuring tape or homemade ruler about 1-1.5 meters long with centimeter markings

Two people (one will do).

STEP 1: Hang the string level at one end of a length of string. Ten meters (1,000 cm) is a good length for moderate slopes and makes the math work easy. As explained below, a 5-meter length is more practical for steeper slopes.

STEP 2: Choose a fairly uniform section of the slope. Hold that end of the string that has the level near it, and have your partner grasp the other end. Your partner should now proceed directly upslope (not laterally) until the string is taut.

STEP 3: Have your partner anchor his or her end of the string to the ground with his/her fingers; if alone, use a small stake.

STEP 4: Now raise your end of the string slowly upwards until the string level gives a level reading (the bubble will be centered in the middle, right between the two lines). For accuracy, be sure to clear away any vegetation or clods along the string’s path that may interfere with it.

STEP 5: Now measure the vertical distance between the end of the level string and the ground. This will reveal the slope’s vertical drop over 10 meters. (NOTE: Use a shorter length of string on steeper slopes or you’ll have trouble raising your end high enough. Also, if the slope varies over the field, take and record readings at several representative locations.

STEP 6: Calculate the percentage slope using this simple formula:

% slope = Vertical drop in centimeters / String length (1000 cm in this case)

Examples: 1. Suppose you measure a vertical drop of 60 cm on a 10-meter string. The slope would be 6 percent:

60 cm / 1000 cm = 6 / 100 = 6%

2. Suppose you use a 4-meter length of string on a steeper slope and measure a vertical drop of 140 cm. The slope would be 35 percent:

140 cm / 400 cm = 35 / 100 = 35%

[image: ]
Applications for Slope:
If you know the slope of the land you are working, you can identify the soil and water conservation practices the situation requires and determine the spacing of the measures you need to implement. The following tables, from the KLU manual Soil Conservation Techniques for Hillside Farms: A Guide for Peace Corps Volunteers (R0062), illustrate:
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Berms and Swales
· Slope grade: 3:1 or lesser
· Berm height: 15 cm – 1 m
· Berm width: at least four times wider at the base than the height of the berm
Infiltration Basins
· Depth: 30 cm – 60 cm
· Diameter: 1 – 1.5 times the canopy diameter of the tree being planted
Catchment Basins
· Depth: 15 cm – 30 cm
· Diameter: Discretionary – generally used for small-scale plantings
Diversion Swales
· Berm height: 30 cm – 1 m
· Berm width: At least four times wider at base than height of berm
· Swale slope – Sandy soils : 5 cm drop for every 30 meters of run
· Swale Slope – Stable soils: 10 cm of drop for every 30 meters of run
Terraces
· Terraces width: 1 m – 2.5 m depending on slope
· Slope: NOT greater than 3:1
· Outer berm height: 10-15 cm
· Outer berm width: 40-60 cm
Zai
· Hole depth: 10 – 15 cm
· Hole diameter: 20 – 25 cm
Spillways – Standard Berms and Terraces
· Standard Berm Spillway Height: two-thirds the height of the berm
· Terrace Berm Spillway Height: one-half the height of the berm 
· Spillway Width: Twice as wide as the berm is high
· Always stagger spillways to prevent direct flow
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Table 1-4. Discontinuos Narrow Terrace Construction Guide

Slope ance between Total canal width of platform
(percent) canals(meters*) plus walls (meters)

5 18 222

10 14 232

15 13 240

20 12 252

30 12 271

40 12 3.00

*Based on 2-meter platform width, 1.5-meter wide platforms are also used, especially on steeper slopes with
thin solls. 1 meter equals 3.28 feet.
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