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INTRODUCTION
In December 2017, Freeway Estates Community Orchard won a $10,500 Department of Neighborhood-Matching Grant from the City of Seattle to install water conservation infrastructure.  Our task was not only to conserve water but also to reduce the time spent watering and effort required. In addition, we felt a wider range of people could help with watering if we could find alternatives to hauling water in 5-gallon buckets. We also wanted to educate the public with signage so a passerby could understand all parts of the new watering system.

There are the obvious water saving techniques that avoid runoff and evaporative losses but the not so obvious and more important benefit of watering according the needs of the plant is to avoid pushing the soil nutrients down past the root zone (leaching). From WSU publication EB 0482 on Home Lawns, "Overwatering can cause soggy conditions and may (1) leach plant nutrients, especially nitrogen; (2) encourage weeds such as speedwell, buttercup, and annual bluegrass; and (3) cause oxygen starvation of the grass roots."
Over 36 people were involved directly with the water conservation project including 16 children and 5 supervisors from the Kids Co. Summer Day Camp at MacDonald International School. We got off to a good start in the fall of 2107 with a donated 1,000-gallon cistern from a volunteer. This allowed us to increase our total water storage capacity to 4,000 gallons.

Our project began with a search for a pump. We needed to be able to pump water about 175 feet from the large cisterns to elevated water barrels. The elevated barrels then feed the drip irrigation systems of the food band garden beds. 

The project included finding the right pump, installing elevated water barrels, installing poly line and valves to those barrels and then installing the various drip irrigation systems.

The installation of ollas and perforated pipe, installing a third cistern including a roof for water catchment, and working with methods of testing for water needs of various plants, were separate distinct tasks.

Below is a discussion of how we proceeded to implement the project. We began in December 2017 with research and planning. On June 14, 2018 the third and last drip system was installed and continued to work through September 2018 on fine tuning, purchasing spare parts for retrofitting and small enhancements.

THE TREADLE PUMP
TREADLE OR STEPPING PUMP
Installed 2/01/2018
Foot-powered pump designed to move water from wells or cisterns without electricity. Widely used by farmers outside the U.S. Using our pump, an adult can fill two 50-gallon barrels in 10 minutes, over a total distance of 180 feet.
· PROS: Portable and easy to operate and repair
· CONS: Challenging to purchase in the U.S. 
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The component most critical to the whole system is the treadle pump. The pump is needed to push the water from the cisterns up to the elevated water barrels so there is enough head pressure to run the drip systems. We do not have electricity at the orchard so we needed a manual pump. A considerable amount of research was needed to determine the most efficient pump would be a treadle pump, being that the legs are much stronger than the arms. Then another considerable amount of time was spent trying to buy one. They are very common and available in Africa and most of Asia but not in the U.S., even though U.S manufacturers produced many of the templates. 
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By pure luck, one volunteer found one treadle pump offered on the web and we bought it. The Saajhi Stepping Pump (usually called Treadle Pump) is a self-priming diaphragm rather than a piston pump (think marine pump.) The pump is more efficient than a bicycle pump and the average volunteer can pump about 10 gallons per minute. 
Templates for how to build your own treadle pump are available on the internet that require welding experience. We acquainted with a young man in Oregon who has built several of them.

INSTALLATION OF ELEVATED WATER BARRELS
The gravity fed drip irrigation suppliers suggest that the bottom of the elevated water barrel be five feet above the garden bed in order to have sufficient head pressure to deliver the water through the drip system.
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We chose to mount the barrels along the sound wall due to the 400 maximum weight of the barrels and to avoid blocking sun to plants. At first we bought treated 4x4" posts to hold the barrels. However, once we dug down an realized that the bottom of the posts would stand in water most of the year we abandoned that idea and purchased 10 foot U-Channel Galvanized posts (2lbs/ft type). 
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With no electricity at the orchard, we used a hand post driver manual. The beefy 2lbs/ft U-Channel post has a 3 1/8 width so we needed a driver with an inside diameter of 3 1/2". (Most rental shops carry only 3" drivers.) This driver weighs about 50 pounds. Driving the posts was physically the hardest thing we have ever done at the orchard. (You may want to rent a generator to use an electric version.) 
The food grade water barrels are not hard to find. Our 70 gallon barrels were recycled from a nearby business that orders rice syrup by the barrel. We cleaned them out at the car wash and attached rain barrel fittings) from Kansas State University to the bottom of barrel belly. (How to video is excellent.) Our fittings [image: image7.png]


included a threaded ball valves rather than the more common brass faucets The ball valve allows water flow freely without the resistance caused when using a brass faucet. 
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We attached D-rings to the posts with 5/16" galvanized bolts. The one recommendation that an engineer had for us was to add two nuts to the bottom bolt to add security that the bolt would not come off. 
We opted for certified climbing webbing. We tied it to the D-rings with a bowline and ran the rope under the belly of the barrels. The climbing webbing is strong and flexible. We used a bowline knot. And, in case someone might be tempted to rock the barrels left to right, we added a wire to limit the horizontal movement of the barrels. 
Based on a true planting event that took place right after we filled the barrels for the first time, the following sign went up:
WOULD YOU PLANT TROMBONCINO SQUASH UNDER THIS WATER BARREL?

The barrel, with 50 gallons of water, weighs 400 lbs. 

How much weight will cause the various parts of the supports to break?

· The 10 ft, 2 lb/foot U-Channel posts dug in 3 feet.

· The 5/16 A307 Grade A bolts holding the D-rings

· 2-5/16 dia. D-ring with mounting bracket

· One inch BlueWater tubular climbing webbing

Answers: 80,000 psi yield/bending strength , 60,000 psi tensile strength, 12,000 lb break strength with 4,000 lb work load limit, 4,046 Pounds force (lbf) strength
LAYING POLY LINE AND VALVES FROM CISTERNS TO WATER BARRELS
Amongst the choices for plastic pipe that is certified for potable water (National Sanitation Foundation (NSF)) is ADS PolyFlex Pipe black polyethylene pipe. We have utility grade (for lower PSI rating) 100 psi pipe (model x2-125100300). 
For the diameter of the pipe we wanted to move water as fast as we could, given that our treadle pump could push out 10 gallons per minute. I had an engineer sit down and make notes until I was cross-eyed and then, to be conservative, we chose 1-1/4 inch pipe. As it turns out, for the 175 feet we needed to push water, we could have used 1" poly line and save some headaches because there are more fittings at 1" and there are at 1 1/4".
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We found it takes three people to lay the poly pipe. Two to keep the coil intact and one person trailing to stake the line down as it is unwound. We make our own stakes out of wire so they would be the right size. The stakes are only needed until the pipe relaxes into being in a straight line.
Other than finding the treadle pump, the second most time consuming task was finding the appropriate valve and purchasing various fittings for the pump and the poly line and valves.  After an extensive search, we ended up with the Valworx 3-Way T-port PVC Ball Valve. It was the only valve that suited our needs but unfortunately is costly at $137 each. (The same valve costs about $40 in Australia or Spain.) 

[image: image2.jpg]T-port Flow Pattern
Handle Position

T P T

Position 3

Handle
Position 2
{shown)

Position 4

Position 1




The codes for valves are even more confusing that those for fittings. What we needed was a valve that would allow water to go right only and also through only. The vast majority of valves only allow water to go left only, right only, and then all ports open. We have a poly line where water needs to turn right to fill the first tank, then close and continue through to the next barrel where the second valve allows the water to turn right to fill that tank. When that tank is full, the water needs to go through again where there is a garden hose to push water even further. It was a tiring process to figure out but after the pump was in hand, the rest was pretty straightforward.

The fittings that we needed involved fittings to join the pump to both the poly line and to a garden hose. We could use a flexible fitting clamped onto a PVC garden hose fitting and a PVC fitting for the ply line. Then we needed fittings to join the poly line to the valves and, finally, to join the poly line back to garden hoses or the garden hose fittings for the drip irrigation systems.
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We opted to slice a union fitting into two of the three valve port openings so that we would not have to move or twist the poly line in order to work on the valve. That was a good decision because we did need to undo the valve to add plumbers tape for small leaks. In fact, we added plumbers tape wherever there was a joint, especially a plastic joint. Even though our system is not under pressure, this helps to reduce even tiny leaks. The other good move we made was to install cam levers to the opening of each drip system so the operator did not have to screw and unscrew the connection each time she watered.

Note, the thickness for many of the plastic pipes will vary by manufacture. We ordered a Poly threaded fitting to join the pipe to a valve and the fitting was too loose. We ended up ordering a PVC fitting that worked. In order to join the fittings to the pipe, the pipe end must be briefly heated with a torch. Then the fitting should go in with a good smack of the heel of your hand, or you can use a rubber mallet. We chose to add lined worm gear hose clamps for extra security. (The liner protects the hose surface and prevents it from extruding or shearing through the band notches as the clamp is tightened.)

There are labeling codes for both poly and PVC parts and it is very confusing. You must pay attention to the thickness of the piece you are trying to connect to. Moreover, the new paradigm for ordering is that you speak with a sales person instead of someone in the warehouse. The sales person sounds very confident but often does not understand what you need. It does not matter to them that they send the wrong part because you have to pay the shipping cost to return the item and often your refund will be credit in lieu of cash. If you make it through a project like this without having to return something, hats off to you!
From the valve to the elevated barrel our poly pipe fits into a bung hole about twice the size of the pipe. We put some cloth in the oversized hole so that bees would not enter and drown. We roped the pipe to the posts so that it would not fall out from the surge of pumping and so that it did not penetrate deep enough into the filling barrel to create a backflow. 
GRAVITY FED DRIP IRRIGATION SYSTEMS: PROS AND CONS
According to Washington State University, 80% of water withdrawals in Washington State are used for agricultural purposes. Out of the 1.8 million acres that are irrigated in this state, 80% use sprinklers (overhead watering); 15% use surface (water is distributed by gravity such as in a furrow system) and 5% use drip systems (watering on top or below the soil or mulch). Sprinkler and drip systems require pressure to deliver water to the crop. If electricity is not available, gravity can be used to produce the pressure necessary to move the water.

Overhead watering is an inefficient watering technique because much of the water is lost to evaporation or runoff.  It puts extra strain on farmers and landscape managers, particularly during times of prolonged drought. Overhead watering contributes to soil erosion and surface water or ground water contamination. Researchers at WSU Research and Extension Center conducted an unreplicated study in 2001-2003 and found that “the drip system used 50% less water, produced 50% fewer weeds with 75% less biomass than the overhead system” (“Efficiency of Drip and Overhead Irrigation System, Carol Miles, Martin Nicholson and Madhu Sonde, WSU Vancouver Research and Extension Center). They concluded that drip is preferable to overhead watering despite the increased time and cost required for installation and labor. Drip systems must be monitored for damage to the lines from animals or clogging.

Drip irrigation is a viable option for gardeners and small farmers. It is more efficient than overhead watering because water is delivered closer to plant roots, reducing loss to evaporation. It is easier to overwater or underwater when watering by hand with a hose or watering can. Overwatering can contribute to root rot. Drip irrigation also aids in disease prevention by keeping the foliage dry and creating a less hospitable environment for weeds. Some systems can be customized to water specific plants or containers.

Once we figured out how to move water from the 1,000 gallon cisterns to the elevated 50 gallon barrels, the next step was to explore how well drip irrigation equipment will work utilizing gravity instead of electricity for pressure. There are a number of manufacturers that sell drip irrigation equipment and a few that advertise products that they claim will work when hooked up to an elevated rain barrel or cistern. There is little information available from farmers or gardeners who have tried these products. We decided to test three different systems that are advertised for use in gravity-fed irrigation in order to assess the how well each one watered the food crops we grow to donate to the University Food bank and as part of our landscape.
TRIAL 1: “A” Bed
TRIAL 1: tomatillos, asparagus, zinnias
Installed 5/18/2018
Gravity Feed Irrigation Kit with 1 gallon per hour drip spikes and 60 mesh screen filter washer (Lee Valley Tools)

· PROS: Inexpensive, easy and fast to set up
· CONS: Very slow, uneven water distribution, some spikes stopped working completely
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We purchased a Gravity Feed Irrigation Kit from Lee Valley Tools for $43.50. Lee Valley Tools is located in Canada so shipping costs can be costly but they ran a promotion that included free shipping. They recommend that the water barrel should stand at least 3 feet above the garden bed.  All of the 50-gallon water barrels at FECO sit 5 feet above the garden beds that were selected for this project. The system is simple and we set it up in a few hours. We ran the “header hose” (1/2” mainline) 18 feet from a hose that runs from the water barrel across 3 adjacent raised garden beds that were planted with recently purchased asparagus crowns in the middle and zinnia and tomatillos transplants at both ends.  There is a filter in the piece that connects the header hose to the hose that runs to the water barrel.

Emitters are used to release water slowly to the soil. The rate of flow may vary depending on the type of emitters used as well as other factors such as debris the clogging the hole or the filter. Emitters with a flow rate of one gallon per hour are recommended for use with gravity fed system. Manufacturers may give them different names. The first time we ran this system, all of the “drip spikes” (emitters) released water. Some of them released more water than others at a rate that so we modified them by attaching a small length of ¼” solid tubing to slow down the flow. 

The second time we ran this system, a number of the drip spikes released no water. We made sure the water barrel was filled, checked the filter for clogging and straightened the header hose. We later attached “take apart emitters” from another trial and found that these worked while many of the drip spikes continued to fail. By that point, we gave up on this system and resorted to hand watering for the rest of the summer. We plan to reconfigure this system in the future using take apart emitters and a better filter.

Fortunately, the majority of plants were asparagus crowns that grew deep roots quickly so did not require much water. The zinnias and tomatillos suffered from lack of water during the high temperatures in July but bounced back with regular watering 2-3 times per week depending on the weather. The tomatillos were not as productive as they might have been but the zinnias did well. Some of the first tomatillos displayed blossom end rot, a physiological disorder that often results from lack of calcium uptake due to insufficient water at critical times during fruit formation.
TRIAL 2: “E” Bed
TRIAL 2: kale & cabbage/summer squash/collards/chard and beets
Installed 6/2/2018
¼” soaker dripline with preinstalled emitters 6” apart and Y type filter with 200 mesh screen (Dripworks)
· PROS: Inexpensive, easy to set up, even water distribution, can customize to turn zones off or on 
· CONS: Keep lines short (18 feet max for 6” emitters)
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For our second trial, we chose a raised garden bed that is configured in the shape of an uppercase letter E. The back end of the bed (the “spine” of the E) runs parallel to the freeway sound wall.  The water barrel is secured to a tower that is elevated 50 feet above the bed next to the wall. A “Y” type filter is attached to the base of the water barrel and connects to a hose. The filter can be taken apart and cleaned when the barrel is empty. The hose runs to a 20 foot long line of solid ½” mainline tubing that sits on top of the soil along the back end of the bed.  Both ends of the mainline are closed off with ½” Easy Loc End Caps that can be opened if the mainline becomes clogged. We also installed a quick release valve in the mainline in order to disconnect the hose and water barrel from the irrigation tubing when not in use so that the hose won’t block the path.

The bed is divided into sections. Three sections are 7.5 feet long and 4 feet across; 2 sections are 3.5 feet long and 4 feet across. ¼” soaker drip lines are attached to the mainline tubing approximately every 9 inches apart. Each section has 4 drip lines. The drip lines have emitters every 6 inches that are preinstalled by the manufacturer. Each drip line is attached to the mainline with an on/off valve so that the individual sections of the bed can be shut off from watering if a crop no longer requires irrigation. This can be useful in growing a crop that no longer needs to be watered once it gets close to harvest time, such as garlic.

We began installing the system for Trial 2 on July 2. Installation was fairly simple but took more time than it did for Trial 1. We miscalculated the amount of drip line required so we had to order more drip line and finished putting it together on July 12. 

All of the equipment in this bed was ordered from Dripworks. Many companies carry similar products at comparable prices. Dripworks has a good reputation and carries a few products that other companies do not. The Easy Loc pieces were easier to work with than compression fittings we had worked with previously. They offer a number of gravity fed irrigation designs as well as information resources on their websites for both pressurized and gravity fed systems.

We estimated that the E bed requires 15 to 20 gallons of water per week depending on the weather, based on how much we used watering by hand the two years before growing similar crops. The weather also factored into how often we watered: once a week or more frequently. We pulled up small samples of soil using a corer and felt for moisture content before watering. We usually watered once a week or less NEED TO CHECK RECORDS FOR HOW OFTEN WE WATERED When the bed was built 3 years ago logs were buried in the soil that may help with water retention. Compost was added last spring at planting time. 

None of the emitters stopped working, but the rate of flow varied depending on how much water was in the barrel and if the filter had been cleaned before refilling the barrel. If the barrel was full and the filter was clean, it took 20 to 30 minutes to irrigate the bed with 20 gallons of water. If the barrel was below 30 gallons and the filter had not been cleaned, it could take up to 45 minutes to deliver 15 gallons to the plants. We learned that it was a good idea to clean the filter each time before refilling the barrels with the treadle pump.

Drip lines are adequate for transplants, but do not work as well as sprayers for seed germination once the spring rains stop. We had a record dry period this year that started in May. In early spring, we sowed spinach in half of the section where chard was planted. When the spinach was finished in mid-July, we began sowing beets. They needed to be hand watered until they were big enough to reach the water delivered by drip lines. 

High temperatures and pests appeared to have more of a negative impact on crop yield than how much water the plants received did. The sections that were planted with collards, kale and chard/beets were covered with floating row cover (Reemay), but pests still managed to get in. The floating row cover raised the temperature in these beds, but may have also helped retain some humidity. The squash plants were not covered and were mulched with straw. Squash production slowed when the temperatures went into the 90s but resumed when it cooled down enough for pollinators to fly. None of the plants in any of these beds wilted, flagged or showed other more apparent signs of insufficient water. However, once the temperatures went up in July, the kale grew more slowly and the leaves were smaller. The collard and chard leaves continued to grow to expected size, but half of the collard plants bolted (flowered), which could have been due to the heat. The beets also stayed small. We had amended the soil with organic nitrogen fertilizers in spring and the plants did not show signs of nutrient deficiencies.
TRIAL 3: “L” Bed
TRIAL 3: tomatoes, carrots, onions
Installed 6/19/2018
Take-apart emitters (1 gallon per hour) and Y type filter with 200-mesh screen (Dripworks)
· PROS: Caps can be removed for cleaning, even water distribution, easy to customize to target specific plants, good for containers
· CONS: Faster flow rate than drip lines, more parts needed than drip line system, more costly
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The “L” bed is 24.5 feet long and 4 feet wide. The equipment used in this bed also came from Dripworks but we used a different type of emitter and layout. The water barrel-to-mainline attachment and type of filter used is the same as it is for the “E” bed. The ½” mainline tubing is configured into a rectangle that runs inside the walls of the bed and sits on top of the soil. Another additional line runs down the middle lengthwise.  We used the rectangle design in order to ensure more equal pressure throughout the line.

Take apart emitters are connected to the mainline tubing approximately every six inches. Take apart emitters have a ¼” barb inlet that is inserted into a hole that is first punched into the mainline. The water is released through another small hole on the fitting. Another option is to attach a short piece of ¼” solid tubing to the outlet so that water will flow closer to the plants. The emitters have a locking cap on top that can be removed for cleaning. This type of system works well for larger plants that are spaced more far apart or for container gardens. Dripworks says that take apart emitters work very well with gravity fed systems. They are available in 1, 2 or 4 gallon per hour flow rates. We chose 1 gallon per hour. 

We turned on both the L and E bed systems at the same time when we watered and tracked the time with a cell phone alarm. All of the emitters in the L bed worked every time and never needed to be taken apart to be cleaned. The both beds had the same Y filter attachment and worked best when cleaned in between barrel refills. The flow rate was about the same for both beds. There is an error in the educational signage that goes with this bed. We wrote the text for this sign when we had not run the system enough to discover that the variability was probably due to a clogged filter rather than to product design. The flow rate initially seemed faster but evened out as the summer progressed.

Tomatoes were the main crop grown in this bed. A row of carrots and onions were planted in front of the bed. The carrots and onions did not do as well as hoped. The carrots needed extra water and the onions may have gotten too much as a result. The tomatoes thrived. We were able to place two emitters near the root zone of each plant. A benefit of this system is that the ¼” tubing extending from the emitter can be moved away from the plant as it grows, encouraging more root growth. A few early tomatoes showed signs of blossom end rot, but it was only a few of a specific variety that may be more susceptible to this disorder. The quality and quantity of the fruit has been good. The fruit seemed to ripen a little later than in past years, but we had heard from others that experienced the same thing. We stopped watering the tomatoes on August 30.

Summary of Irrigation Trials
The following chart refers to the parts needed to build a system within each bed. The estimated costs do not include the cost of a 50 gallon barrel, a structure to hold the barrel or the hoses and hardware needed to connect the barrel to the system. Note that the kit purchased for Trial 1 “A” Bed includes 20 drip spikes that may not be enough depending on how many plants are grown and how far apart they are spaced.  Costs do not include taxes.

	
	TRIAL 1 “A” BED
	TRIAL 2 “E” BED
	TRIAL 3 “L” BED

	Estimated cost per 100 square feet
	$53.95 (includes $9.95 shipping)
	$132.00 (includes $19.95 shipping)
	$132.00 (includes 19.95 shipping)

	Clean out/flush lines, emitters, filters
	Open end-cap to flush mainline. Difficult to clean emitters. Filter can be cleaned.
	Open end-caps to flush mainline. Lay soak tubing with holes up to prevent debris accumulation. Soaker lines should last up to 8 years. Filters easy to clean.
	Need to install an extra part if mainlines are all connected in order to flush lines. Emitters can stay in place while taking apart to clean. Filter easy to clean.

	Shut off valves for individual lines
	No
	¼” micro-flow valves installed to shut off flow through individual soaker lines. 
	¼” micro-flow valves not installed, but can be added if want to shut off flow to individual plants. 

	Direct flow to specific plants
	Yes. ¼” solid tubing can be moved to specific plants.
	No
	Yes. ¼” solid tubing attached to emitters can be moved to specific plants.

	Consistent flow
	No. Many emitter stopped working.
	Yes
	Yes

	Flow rate
	1 gallon per hour
	1 gallon per hour
	1 gallon per hour

	Comments
	Emitters did not function consistently and small filter clogged quickly. 
	Soaker lines watered consistently and did not clog. Check filter for debris at least every 50 gallons used.
	Emitters watered consistently and did not clog. Check filter for debris at least every 50 gallons used.

	Best uses
	Larger plants such as tomatoes as long as there is at least 1 working drip spike per plant.
	Crops planted in rows. Hand watering may be needed for seed germination.
	Larger plants such as tomatoes. Hand watering required for seed germination and small plants depending how many emitters are installed.


OLLA TRIALS
OLLA  Installed 3/18/2018
Ollas (pronounced “oh-yahs”) are unglazed terracotta jugs that are buried and filled with water. They work best with crops with larger root systems like cucumbers and squash.
· PROS: Easy to install and use, eliminates soil erosion, minimizes loss due to evaporation and reduces risk of plant diseases. 
· CONS: Takes up space in garden bed. Salt residue or debris may impair seepage. Woody roots of large plants or frozen ground can break olla.
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OLLA
Pumpkins & Sunflower
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https://greenselfiechallenge.wordpress.com/2014/12/24/clay-pot-irrigation/ 
Ollas are an ancient irrigation tool dating back to China over 2,000 years ago. They have been a popular way to water throughout the world. Ollas are unglazed clay pots that are fired at low temperatures so that they are porous, allowing water to seep through the olla wall.  The technique is simple and requires only a clay pot. 

When the soil is dry, it pulls water from the olla via capillary action. If the soil is already wet, it cannot absorb more and the water remains inside the pot. Water evaporates very slowly since the olla is covered and buried in the ground. An olla will only pull enough water to provide enough for plant roots, leaving the spaces between the soil particles (pores) filled with air. If the soil becomes saturated due to overwatering, the pores fill with water and anaerobic conditions that may be harmful to the soil microbes may develop. 

Olla irrigation encourages roots to grow towards where the water is. As long as the olla and soil are not allowed to dry out, plants do not reach a wilting point. Weed growth is inhibited because the surface of the ground stays dry, preventing weed seeds from germinating during the dry season. The dry soil surface also aids in disease prevention. Harmful fungi that live in the soil are not splashed onto plant tissue. Overwatering can also encourage diseases such as root rots, but are no longer a risk when using an olla.

Olla irrigation has been more widely used in desert climates like New Mexico, but is not as common in the Pacific Northwest. Interest is growing here as evidenced by more online and hard copy DIY instructions for how to build ollas out of terra cotta pots. There are a few vendors in the Pacific NW that carry ollas. Dripping Springs Ollas sells their products at a few locations in Portland, OR and one store in Bremerton. They can also be purchased online. 

We purchased ollas from a nursery in Portland that is no longer listed on their website. We bought eight 2.9-gallon ollas that each measure 13 inches from the bottom to the lid and 12 inches in diameter. Dripping Springs also sells a medium sized olla that holds 1 quart of water and measures 9 inches tall and 5 inches in diameter. 

Ollas are recommended for use with annual plants and perennial plants that do not have large woody root system that may cause them to break. They can be used to help a newly planted tree or shrub, but need to be removed once the root system becomes established. Seeds that are planted around ollas require extra water to germinate and grow roots that are big enough to reach water under the surface. When burying an olla, a few inches of the neck is left above the surface so that debris does not get inside and clog. They can be kept in the ground over winter in climates that do not experience hard freezes that last for more than a week. According to Dripping Springs, as long as they are kept covered and clean, they do not need to be dug up and cleaned. 

Dripping Springs says that if an area gets about 30 inches of rain annually and summers are dry, they may not need to be refilled for 5 to 7 days. If it rains during the summer and mulch is used, they may hold water for up to 10 days. Soil texture and what type of plants are grown will also impact how often refilling is required. To tell when it is time to refill, you simply open and lid and look. Sometimes you may find slugs have taken up residence inside the olla. It is easy to scoop them up and relocate them to where they won’t damage the plants.

The bed we used for this trial has dimensions similar to the “L” bed and is approximately the same height but there is a slight slope. The soil has enough organic matter to support healthy plant growth. The bed was mulched with a few inches of straw in early May. The olla trial proceeded as follows:

March 18: two young volunteers helped dig holes and bury six ollas down the middle of the bed. It was still the rainy season, so the ollas were not filled.

April 15: sowed ‘Sugar Daddy’ snap peas that had been started in 4 inch pots in March along the front edge of the bed. Sowed cilantro seeds next to row of peas at both ends of bed.

April 20: planted bulbing fennel in between 3 ollas in middle of bed. The transplants were started in indoors in March and hardened off before planting

May 4: hand-watered. We continued to hand water the transplants as needed until the ollas were filled. We needed to water often due to high temperatures and lack of rain. The Seattle area got less rain than average in May and June. In May we received .12 inches compared to the monthly average of 1.94 inches; in June, .63 inches compared to 1.57 inches of rain (Seattle Weather Blog and King 5 news).  It was also warmer than normal. 

June 14: filled ollas.

June 15: planted a row of cucumber transplants along the back of the bed along the freeway. The plants were grown from seed in soil blocks on June 1.

June 17: planted six hot pepper transplants around each olla at both ends of the bed. The transplants were started indoors in March and hardened off before planting.

June 18: planted lettuce transplants that were started indoors and hardened off between peppers and fennel.

July 15: harvested fennel and lettuce. 

July 20: planted more lettuce transplants that were previously started in soil blocks around the four middle ollas where the fennel and lettuce grew. Removed pea vines from front of bed. Let cilantro that had not been thinned out earlier go to seed.

July 24: sowed chard seeds in front of bed where peas had grown.

After getting everything planted, we did not track how often we needed to refill the ollas until the latter part of July when temperatures reached the 90s. At that point, we found that we needed to refill the ollas every 3 to 7 days. We tried to keep the ollas continuously filled above 50%, but on at least one occasion they were a quarter full or less when we checked them. The inconsistent topping off of the ollas may have allowed the soil to dry out more than was optimum for some of the plants.

We also neglected to set up a tracking sheet that everyone could use as we did for the other trials. Only a few volunteers ran the irrigation systems in the other beds and recorded the date, time, number of gallons used and number of minutes it took every time they watered. Different volunteers checked on the ollas and we did not set up a way to keep track of when they were filled and how much water they needed to add.

The cucumbers were the most successful of the crops we grew. The fennel and first lettuce plantings had already sized up enough by the end of June that they did not suffer the impact of the high temperatures that we experienced in July. Some of the bean leaves showed signs of sunscald and the plant furthest from the olla flagged.  The cucumbers grew rapidly and were very productive. We harvested the first cucumber on July 5 and are still harvesting cucumbers in mid-September. Some of the success might be attributed to the variety planted (‘Corinto’). 

The ‘Flaming Flare’ hot peppers thrived despite receiving a little less sunlight than the jalapeno peppers planted at the other end. A few of the jalapeno pepper plants flagged a bit in July and August and received extra water as a result. The lettuce starts never sized up enough to go without supplemental water and could not tolerate the heat despite being described as “heat tolerant” varieties. The peas and chard that was sown later were too far from the ollas to reach the water. The peas were about finished producing by the time the ollas came into use and the chard was planted as a fall/winter crop. We hope to investigate how well chard and annual brassicas will do when irrigated with ollas in the future.

We also buried large ollas in 3 other locations in the orchard. These sites were not raised beds. We added a little vegetable fertilizer to the planting holes, but did not test the soil for nutrients or amend with compost before planting. 

Pumpkin & Sunflower:  two ‘Winter Luxury’ pumpkin transplants and 1 giant sunflower transplant were planted around an olla on May 15. The area was mulched with straw. The site is in full sun. The plants grew quickly and appeared healthy until mid-August. Only one pumpkin on each plant grew to maturity despite lots of flowers and pollinators visiting them. The fruits were very small (approximately 1 pound each) and matured so quickly that we harvested them on August 30. The sunflower showed signs of flagging but grew tall and produced 4 large flowers by September. Insufficient nutrients may have contributed to the small size of the fruits, but we suspect that the ollas did not supply enough water to grow the pumpkins to full size. 

Peppers and Winter Squash: two winter squash transplants and six hot pepper transplants were planted around an olla May 15 and 17 in an area in the back of the orchard that receives quite a bit of heat. We grew peppers there successfully last year. One of the squash plants was damaged by a rodent early on but grew back quickly after a piece of cardboard with a little Tanglefoot as placed on the soil around it. The peppers on the end wilted past the point of being able to revive them back to health before they were able to produce any fruit. Only one of the squash plants produced one fruit and it was also very small though appears healthy and edible. We suspect that the peppers may have been planted too far from the olla to reach the water. There may also be some soil issues that call for further investigation.

Perennial collards: two perennial or tree collards were planted the year before near the fence. We buried an olla between them. Perennial collards are fairly drought tolerant. They did not show any signs of flagging throughout the season, but they did grow more slowly than the original plant they were propagated from. 

PERFORATED PIPE
MORE TO COME!
PERFORATED PIPE     Installed 3/18/2018
Buried pipes with holes facing the roots. Works best with small shubs, vines and perennials. Keep the bottom plugged for shallow-rooted plants and open for deep-rooted. If using bamboo, cure first to prevent cracking.
· PROS: Waters deeply, eliminates soil erosion, minimizes loss due to evaporation. No filters needed.
· CONS: Harder to install if plant is already in place. Bamboo may crack (wire or tape prior to use).
FreewayEstates.Org - FreewayEstatesCommunityOrchard@gmail.com
NEW CISTERN AND WATER CATCHMENT ROOF
MORE TO COME

COMPOST DRYING RACK
Drying slows down decomposition because the microbial decomposers need water to survive. Drying also helps retain the maximum amount of nitrogen available when making compost. We make compost out of:
NITROGEN (carbon to nitrogen ratios range from 10:1 to 30:1) green plant material, beer mash, germs of seeds, coffee grounds, rabbit poop
CARBON (C:N over 100:1) wood chips, dead plant leaves and stalks, cardboard, paper, dryer lint 
FreewayEstates.Org - FreewayEstatesCommunityOrchard@gmail.com
For the new cistern, we added a 6-foot x 10-foot polycarbonate roof held up by a simple bamboo structure. It is large enough the fill the 1,000-gallon cistern over the course of a Seattle winter. The roof also provides an important benefit of keeping future materials for composting dry. Plant material that stays dry hangs on to nutrients and is used to build thermal compost piles twice a year. High quality compost is the centerpiece of any gardening operation and plays an important role in water conservation. Compost holds ten times its weight in moisture, staving off runoff and allowing for more efficient water use.

THERMAL COMPOSTING 
To feed our soil, we do a thermal compost process twice per year. To eliminate pathogens, all parts of the pile must be either: 
· Above 165F for one day. 
· above 150F for two days, or.
· above 135F for three days.
We use onion bags, oriented in a deliberate way, to ensure that all parts of the pile reach the required temperatures. Onion bags also allow for easy turning of the materials.
FreewayEstates.Org - FreewayEstatesCommunityOrchard@gmail.com
MORE TO COME!

WATER MEASURING TOOLS AND OTHER WATER SAVING IDEAS
MORE TO COME!

In addition to a focus on compost, other general water-saving habits we want to encourage are listed in Table I.
	FECO Water Conservation Project Table I

	FECO WATER SAVING IDEAS
	
	COMMENTS - AUGUST 2018

	Test the soil before watering
	
	We use a 6" soil sampler coupled with a water moisture meter that measures volumetric water content.

	Cover bare ground around plants
	
	Bare ground does not improve soil quality and allows water to evaporate. We mulch with straw, cover crop, and heavy paper.

	Add plants next to another plant
	
	Isolated plants can't draw from existing water reservoirs.

	We usually water early in the morning or later in the evening
	
	If temperature increases from 75 to 80, the evapotranspiration rate (mm/day) increases 30 percent.

	We have a watering chart for everyone's view
	
	The way to get to know your soil is to keep records. Also, avoids having another gardening do duplicate watering.

	We try to include native plants
	
	Many natives are already drought tolerant.

	We measure how much water we use
	
	We note how many gallons we put out through our drip irrigation systems and keep a tally of 5-gallon buckets used elsewhere.

	We Sheet Mulch just after spring rains
	
	To hold onto the water in the soil as best we can over the summer.

	We make a basin at least two inches deep when planting
	
	In order to avoid runoff, sometimes whole sections of a bed need to be made into a basin.

	We often compost non-invasive weeds in place 
	
	They cool the bed and help reduce evaporative losses.

	When watering with a 5-gal bucket we drip with 1/4" poly line 
	
	We install bamboo holders for the poly line. Infiltration is better because the soil below the fixed holes is used to taking in water.

	Email us with your ideas!
	
	FreewayEstatesCommunityOrchard@gmail.com


MORE TO COME!

SIGNAGE
MORE TO COME

COSTS
More specifically, the proceeds from our grant were used to: 

1. Design and build a roof and a bamboo structure to hold the roof for rainwater catchment to the new cistern.

2. Purchase supplies to build a drying rack for compost materials under the new roof.

3. Install a 5/8 minus crushed rock pad for the donated 1,000-gallon cistern.

4. Paint the cistern and water barrels to minimize penetration of UV light.

5. Purchase a pump that does not need electricity.
6. Run one 1-1/4 polyethylene line from the cisterns toward the north end of the orchard.
7. Install two valves on the poly line that allow the water barrels to be filled or to allow water to be pumped to a garden hose at the north end.

8. Install food grade 70-gallon barrels where the bottom of each barrel is mounted five feet above each of three food bank garden beds.
9. Purchase and install three different drip irrigation systems for three different raised beds for evaluation. The crops grown in these beds are donated to the University District Food Bank.
10. Procure perforated pipe and ollas as stand-alone watering devices and evaluate their efficiency.
11. Purchase soil sample corers and a moisture meter to test soil for water needs.

12. Purchase a soil thermometer and air thermometer to assess heat related water losses.
13. Outfit garden beds with stain on wood trim.

14. Purchase mulching materials including compost, composted manure, straw, hoops and fabric.

15. Hire a graphic artist to produce a brochure explaining the basic components of the water conservation system and print 250 brochures.
16. Buy food for a work party and for the August 4, Water Conservation Project Open House.

17. Purchase locks to lock water barrels and cistern to avoid further losses from passer byers.
18. Buy a deck box to hold spare parts of irrigation system.

CONCLUSIONS AND RECOMMENDATIONS
MORE TO COME!
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