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Off-Grid infrastructureoverview

Even among environmentahdjusticeorientedfood growers, concessions are made when it

comes toindustrial products likeractors,electric poweredrrigation systems, plastics for

greenhouses and row cov&rThese are taken as necessary evilhéy are even considered a
LINROESY G FEEtO0Od ¢KS &LINI Ol Aspribrityoveremmded SO2y 2 Y
energy costsnegative impacts of these technologjes efforts to build no fossil fuel

alternatives.

& A A common image on

' ¢sustainadle¢ farms. Gas
powered tractor, plastic row
cover as mulch substitute, and
plastic tubing for irrigation.All
with relatively short lifespars.
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In our other texts, we argue thdocalizing compost productioand growingour entire diets

within our communities caminimize and ultimately eliminatthe need forfossil fuels in

fertilizing soilandtransporingfood, but what aboutthe infrastructure to maintairour
gardens#rom our perspective, there are both moral and practical reasons to rapidly transition
to off grid systemsWe believe that it is possible andtimately more effigent to createthese
systemsBy usingratural, local materials and removing our dependermeexploitive industrial
processes we can eliminate costs agrdw food even witHong termpower outages and supply
chain shortages

What we offer in this text

Thegoal of this text is to sharour thought process and principles that guide our wor&ating

off grid garden infrastructureSpecificallywe will be focusing on fences, watering systems and
greenhousesOver the last decade we have experimented withimas systems and met people
locally that have developed ingenious solutions that wedothers camadoptin their gardens.
As with allour resilient infrastructure our goal t® create itwithout K A N&pertsé build and
maintainit without fossil fue$, andget rid ofthe need forcontinual money inputs.



We hope that by sharing ouxgerience anagxample ofoff-grid systemsyou can gain
confidence in putting your own hands and minds to work at developing non exploitive
infrastructure. Like all the lowledge we share, owff-grid infrastructure is a work in progress
Every season, wienprove, change or all together abandon systems in our garden. We are not
GSELISNIaé¢ Ay (i K&dictedhahBKing geXingdodzdrk andmovingBoward a
vision that is more just. In this text, we will share our thought process, mistakdsdeas we

will pursue in the future. If there is anything we hope others antiulate form our workit is

this process of experimentation and application. Break fitthe cult of the expelt

Gounting real costembodied energy andexternalities

Why is it important to create offjrid infrastructure around our farms? Some might argue that

we are being dogmatic and impracticAllot of people scoff at the idea of takj hours and

hours making a handmade fenoet of trees from the foestor using reclaimed windows for a
greenhouse. The argument is that industrial guats are cheagnoughthat it isimpractical to

do it from scratchPeople believeli Q & T hayt frojeEtMNbbby, but if we are serious

about growing food, weneed Y2 RSNy ¢ (SOKy2f 2 Batsthigtruag?3si (G KS 22
global industrial capitalist production more efficient than locadft, reclaimed materials and

need based economies?

The eality is, we almost never count the tinaed energythat goes into making products we

buy in a store. It is a lot more work to mine materials, ship them across the globe, process them
in a factorywith exploited labor ship them again to a place where thare assembled, then

ship them again to a retailecross the globe. S R 2 y Qall theDndritayidifuelthat goes

into products before they hit
the shelf: theembodied
energy The energynd the
amount of coerced labor that
is required to mantain this

G LINJ OG A Osgniind & ¢
boggling It is notmore
efficient, but more convenient
for the consumer and
beneficiaries of exploited
labor.
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I That being said, please consult with people who know what they are doing and do research! One feature that
LI I 3dzS&a GKS 5L, O2YYdzyAidie Aa NAROlShesx dAaAfe lyfR az2yYSiaAy.
handmade systems beautiful and well made



The fact that these products are cheaper than something made close to home, despie all t

extra labor and resources that go into itqwesthat exploitation plays a major role in its

LINE RdzOG A2y ® . & NBfeAy3a 2y g2N] SNA FNR YweO2dzy i N.
can createcheapproducts even though it takes more wotkVhat iscalledd SO2y 2Y& 2F & Ol
usually just meandisplacing the burden on workers abroad.

We end up using way more resourddsin necessargnd negatively impacting the
SYGANRYYSYylid ¢KSasS O0z2ada INB y2i O2dz/yiteeR 068 O
consumer who buys the cheap productestda A Yy @A & &t0 Woskérs abBcthie @nvironment

are callecexternalities Not including these costs in analysidadd production contribute to

the myth thatglobalindustrialproductionis a more efficient way to meet peopl@ needs.

Thesehidden cossin production make usonflate financialsustainability and efficiency with
actualsustainability and efficiency.

Practical Vs Moral

The unfortunate reality is that externalities of exploited labor andiygmn are not a sign that

the sysem is failing, they are a sign thaistworking. The goal of capitalist production is twt
STFAOASy(Gfte YSSiG LIS2L) SQa ySSRax Al Aa RSaAdy
shareholders andreate cheap produs for consumersThis systenis workingwell for people

who canget cheap goosl (for now) We realize thatitying to convince tesepeople to change

2y O0OSKFEF 2F GKS a2dzi 27F &bk BKabstractaddmddalisti® RS O
work. Thesystem is too convenient for consumers to charfg@m our perspectivéhough,

transforming our infrastructureéo eliminate expldation of people and the land ot just

moral, itispractical.

There aremultiple reasons to quickly transition to regifit off-grid infrastructure in our gardens
and design replicable systentsrst, our agenda is to get many more people seriousiwing

food in our communities. Overhead investments are a huge hinderance, especially for people
without disposable income®eing able to transform any latdafarnt  S@Sy AF AG R2S
electric and a well on gtis a big benefit to this cause. restall conventional infrastructuravill

set you back 1@ of thousands of dollar3his further incentivizes farmers to stikir food to
wealthy customers instead of sharing it with the commundéyecoup expensedBycreating a
system that lowers théarriers to entry is a practical way to make change more accessitke.
creates the possibilityol poor people to becomediod producersPoor farmersvill have much
more incentive to change the system than the middle and upper classesuvhently have

land access and control food productioh society where the poorest people can produce

food is a secure one.

2 For the most part, if you see a cheap product that was made in the US, it is likely produced with prison labor. The
13" amendment abolished slavesxceptas a punishment for a crime. Hence, prisoners renaasource of cheap
or free labor.



Anotherpracticalreason to transition to off grid infrastructutie destructive stormsEvery year
there are periods where the etéric isout from winds or water is compromised because of
contamination This is likely to increaséhere is little profit incentive focapitalists to invest in

our infrastructure when they can make much more money consolidating what is already there
and charging you more money fordit.ast year a tornado touched down less than a mile from
shagbark gardens! This year there was anotheéhésouthern part of the county?oor
communiiescan be neglected from federal aid for months or more. Parts eftBlRico were
offline fora yearafter Hurricane MariaFlint Michigan has been without potable water for 6
years despiteonstantd I ¢ | &8 y Bl A &ikpyigAteAltrddgh raciém and classism always
play a strong role in infrastructure security, eweffiluent areas oNew York City and New

Jersey were out of power for weeks after hurricane Sandy. Climate change and infrastructure
for profit create a situatio whereshortterm outages are inevitablandlong termor
permanentinfrastructure collapsare increasingly possible.

Resilient vs Efficient

Auseful conceptto guide the creatin of sustainable farmss undersanding the difference
betweenefficientandresilient Efficientsystems ardine-tuned, specific andjenerallyhawe
high output. They areadapted to avery specialized set of conditiarResilientsystems are non
specializeddon@necessarily work at futlutput and ae flexble. Resilient systems carse
different types of fuel and can be adapted fa@rieduses.

Ourcurrent economic ygsstem depends ospecialized faories and suply lines that can
produce a constansupply of good$érom finetuned factories.They ae efficent at generating
money thougheconomy of scale: large systems that are expenanaresource hungy but
producehuge amouns$ of products constantly. This how poducts become cheap in
capitalism Afew workers can produce so mucht such a large outputompaniesansell the
product at a low price, and still make a profitnfortunately; if there is adecline h demand for
the productor a generaéconomic depresen, theselarge scale factor&or shipping docksor
giantfarmsare no longer profitable.

The problem with these huge efficient systems, is that tbay®scale baclkor adapt If
suddenlythere isrRsuch dargedemand (like what happened during the 20@®essionpiant
factories or docks, cajust work at a slower rateA farm desgned to prodice 1Q000 tons of
cornayearcan®just start producingl0tons. It won®@be profitablegiven how expensivit is to
power such a huge operation. Tigswhy we segjiant malls closg down all over the United
Sates. They ar¢oo bigand costly to turn a wfit when less people are shoppindust running
the air conditiones and cleaning the floormight cost nore than the proit they are bringingn!

3 For exarples of this tendency look at telecommunications, water and railway infrastructure in the US.



Depending orsupply lines that require exploited labdgoften dependent orfragie
government corporate, and rarcenary relationships accesso minesand factoriesand
continual supply of fossil fuelg profitable pricess the oposite of resilient. Any one of these
factors can bealisrupted because of politad change, economicegressions, or just that the
exploited workers decide to take a stand agaith&t cruelsystems they are forced to work
under.This s exactly why & ae advocating foresilientinfrastructure As hashweather
events,policychanges, and economiactors change ouinfrastructurewill continue without
interruption. Because we power our systems from the sun, the soil, wood or reclaimed
materials,we can swap out parts madeom homemade material. Whenthings are booming
we can sale up, when things are slow, we can hunker damd continue producing food as
needed.A bedrock ofesilientinfrastructurecan be improved over time to beote more
efficient through expertiselpcaly adapted technologylesign and amoreintelligent
understanding of our relationship tihe soil, seeds, and ecosystem.

Gt NPINBaaAzy 2F LINRYOALX Sa¢é

28 NBFEATS GKFG GKS @GAarzy ¢S INB NIAOdzZ I GAyYy
exploitation and can exist without theafeline of industriakcapitalism is far from the reality we

live in now.Werely ontrucks to move materials around town, wiseelectric tools for our

construction,we shop online for components for our egfid systems thaare made from

petroleum prodwcts produced in exploitive waydnstead of living in despair about this reality

and either justifying ar dependence on it or cynically embracing it as our right, seau

Gprogression of principlés (2 O2 y (i élogaido Wtatwe hefledeSs right.

In practice, thismearlR SOA RAY 3 6 KI G af A DA ym@siliensli Ke3riy & EALYK 2 A
concrete ways for different infrastructure in our gardens and then making steps to move

toward that visionTo testthe resilency ofour work, weaskourselvest OF 'y ¢S O2 y (i A y dzS
G2N] 6AGK2dzi AYRAdZAGOGNRAFE OFLAGEFEEAAYE 2N aOly &
you rely on tractors, plastic row cover, grow lights and electric pumps for water then the

answer isno#

Throughout the text, we will@nt out decisions we have made to minimize the negative impact
of the infrastructure we use and propose ways we can continue to move closer toward our
ideals.We believeresilient infrastructure iwiable. In factjt is possibleghat it will be the only

way to meet our needs in the coming decadéfhat we are articulating will require less work
than our current system ifve considell thehidden costsAn ecologically guided, need based
economy is simple, buhotivating people toward this change will hbe easy.

4Not to mention coerced wage labor



Off-Grid Garden Infrastructure

As a general principle at The Underground Cerder,approach is to see how much we can
grow by maximizing the health of the soil and developing smart ways to manage gardens. So
far, we have been able to groware food per square foot witimanyof our crops than an
industrial farm canOur approach encoages more people to grow food and utilize small
spaces that they can manage with their own hands to create an abundance of food. This
contrassto the acres ofcleared land being farmed with the help of machines and industrial
products.We believe thabytaking account oéEmbodied energy, externalities and

unaccounted labor, this will ultimately be less work to create more food.

With this in mindthe infrastrucure we discuss in the following pages are meant to maintain

that kind of growing spacgardensand small farms managed by a few people by hand. At most

they will cover a few acres of land.eMill explorefenceswatering systems andgreenhouses

with this lens These systems ardl avorksin progress. Wavill discuss where we are in our

journey andideas of how to move closer to our principldsis text only looks at infrastructure

to maintain the garden. We will be excluding theshimportant infrastrcture, compost,

which wealreadydiscussed initsowS . 2 21 &/ 2 YLJ2 & ( MoulgndgfFded G A 2y 2 F
{ealdsSyoé¢ | fadehdgoihgfo distisdother dspektsiof food production like wood

fired stoves, solar dehydrators, solar cookers, root celta other infrastructure for cooking
andpreserving food.

Off-grid farm in the faest



Fences

Where we do our gardening a fence or some kind of barrier is an absolute necBssitare

brutal foragers. We once built a gate that had a small openinghe bottomandadeer snuck

in during the middle of the day. We weweay fromthe gardenfor 20 minutes, but by the time

we found the deer and chased it quit had eatena few hundred bean plants. If we were trying

to survive off thdand, that could hae spelled our doomAnother ruthless garden pirate is the
groundhog. These muscular beaver wannabes will rip up kale plants and eat them whole. Often,
groundhogs will take bite out of a tomato or squash but leave most of it to rot on the ground
The pont is, our animal neighbors love garden produce at leashash as we do, so a fence is

an unavoidable investment if you plan to grow food you want to eat.

The dreaded gpundhog

Fencesgenerallyconsist ofposts, somefencing materialand gates Followng are different
ways wehave approached combining these elements to make strong and attractive fences with
a minimum of fossil fuel or money inputs



Posts

All our methods of methods of building a ferstart with strong postsEastern red edarand

blacklocust are our favoritéree species foposts but white oak also work Any pineand

other localhardwoods rot quicky whenthey have contact with the groind. On two sites where

we made gardens, the surrounding forest was fulbtaindingdead cedaritees.Since they were

dead, w5 RARY QG FSSt 0l R ahddreyniere itlai sirdng éndiidaSY R2 gy
because they were off the ground

A commercial optioms green metal posts with grooves designed to accept wire. These can be
banged into the grand with a special tool or sledgehammerThese tend to bend and twist if

the soil has rocks in it. Also, it obviously does not fit our critefri@on-exploitivematerials
given its dependence on industrial processes, but if they are around, they work.

Digging posts holes

A post hole digger is a great tool for
digging uniform holesldeally, we
like todig holes 2 feet or more in the
ground.Sanetimes you hit roc&or
other obstacleshat make this ,
impossibleb 2 SQ@S 320
a 14inchdeep hole put anything
less than that wiltesult in wobbly
postsunless supported by some sort
of external framing or rebar drilled
into bedrock.We alsouse aheavy
iron barand a pickaxéo smash
rocks out of the hol@and loosen up
soil for the post hole diggeA pair of 2
loppers can come in handy if any
roots protrude into the holeas 2
& 2 dzQ NB. Afek tAeThale/iskclear [
to the bottom wedropin the post. |

Setting posts is hard work.isimportant to make sure the post is straight up and dowou
can use a post level, but if your post has knots and byit@sot very useful. Weawally work
with a partner and have one person stand back to make sure it is straight to the eye.

10



Next is tamping. We usaniron bar or a
heavy stick cut with a fteedge to amp
the soil aroundhe pos®® L (1 Q& A Y LJ2 NI
totamp a fewinches atatime. Q2 ¢ T A f f
up the entire hole and then tamp. No
amount of pounding will secure the post
if you do thisSart with a few inches of
dry dirt or gravel at a time and tamp
down the soil, then add a few more
#= inches andhenrepeat. The post will be

4 solidif youfollow this pattern It will
start to feel firm after % of the hole is
FAf SR YR {HenyplSR® LT A
need to pound more. It woRzget firm if
you keep addig on top ofaloose
bottom regardless of how longrdnow
hard you tamp down the sadlbo\e.
52y Qi NMza K { W4ividh#s yf3
material!

C\
ey
w»

Alternate frequently with a partner so

@2dz R2y Qi 3Ipthe e®oK | dz& G SR
setting posts for a fence, youilwhave

very strong shoulders

A well tamped 6 inch diameter po&tor more feet in the gundis extremely stronglf you use
a rot resistant post this will laghany years.

Common issues with tamping posts:

If the dirt around the post is wet or muddyi#t notpossible to tamp down the soil pperly. If
@82dz Ol yQi &I Adan bFirgMIgravigl ondg/ soRk teBll The Boydm rush the
tamping processf the first few inchegit takes longer than you thinkhe postwill be loose no
matter how deep you make the hole. &esu aretamping there is a tendency to pound the post
crooked. Make sure to keep checking by eye for level and correct as you go.

Alternatives with fossil fuels

The process of digging holes can be easier if you utilize@avator or tractor equipped with a
hydraulic post hole auger or a gpewered post hee driller. As with any largscale machine
you need room to move around, likely destroying anyalltrees around your garden and
compacting soil. It should also gathout saying that this will add significant cost to your
project, will create unpleasamtoise for neighbors and will contribute to the perpetual stream
of fumes into the atmosphere.

11



An alternative to tamping in the holes is to drill screws or nails perperati to the base of the

post that will be undergroundAfter thatyou can pour concrete into the void around the post.

You will need about 100 pounds of concrete for each post. This will create a strong post quickly.
The downside to this method is that yatill need to haul these heavy bags of cement around.
Our garderat Shagbark has 40 cedar fence posts. This would require 4000 pounds of cement!
This would be a huge expenaedhave an environmental cost through ewtdied energy of

creating cementAlso,when this post eventually breaks or you happen to want to charoge y

fence lay out, you will have to dig out that mass of heavy concrete from the bottom of the post
load it in a truck and bring it to the dump

Fencing material

Wire fences

The easiestaterial to use for fencing is some kind of metal wire. Therensaaydifferent

wire options Utilizing wire is a good way to keep out pests without needing a lot of wood. As

with any industrial product, there is always embedded energy costtelisnad 32 2 Ré¢ & 2 dzNO S
of wire fencing. Whether you purchase it from thest evilbig box store, or your local

hardware store these products require problematic industrial infrastructure.

Wire does not last forever. The longest lasting wire costs aflotoney.This may make sense,
especially if you are sure this is where you want your garden long term. Unfortunately, since we
are always transforming our gardens and adding new sections, we have relied on cheaper
solutions. Our logic is that over time&ge can rephce sections with wood fences, or natural

fences. Also, we have been able to scavenge a good amount afhatrpeople have lefover

from other projects One fence we made that surrounded a 2 acre farm utilized a mix of

different types of wirghat resuted in aan effective lddge podge design.

Wire fencing can be an effective deterrent for burrowing pests like groundhogs. To stop them,
you can make a trench 1 foot deegainst theposts Bury the fencing to the bottom of the

trench and burytiwith dirt or stone. When the animal tries to burrow under, they will hit the
wire. You can also do this with a line of flat stones for a naturalradtere.

Types of wire

Chicken wireThe cheapest option &inchspaced chicken wire. This is not vetsong and

startsto rust after 5 years or so, but when applied to a strong frame, it works well. It also has

the benefit of being nearly invisible. TRanch spacing wo2keep out chipmunks or small
NFooAGaX o0dzi ¢S R2y Qi skarierslinéhspidedZxBickén wirdNsR 6 f S Y
better but costs more money. Both options work well as a trellis for any climbing plant like
cucumbers, peas or pole beans that you can plant along the fence.

12



Welded wire This is higher quality wire that has angger life pan than chicken wire but is more
expensive. Welded wire can support itself more than chicken wire. It also works great as a
trellis.

Tension wireThis is a type of wire that is used for cattle fencing. It relies on a tensioning tool
and specibized hardvare. It provides additional structure to the fence and can even be
electrified. This will work for keeping out deer if closely spaced, but it needs an additional
barrier like chicken wire along the bottom if you hope to keep out smaller pests.

Again, wiredoes not fit with our principles of moving away from exploitation, but it does work
as wedevelopbetter solutions!

Wooden fence

An option to keep out large creatures is just making a wooden fence. This can be done by
attaching board®r timbers perpendiular to the posts. The wood can be notched in (like old
cattle fences) or nailed, screwed or lashed to the pdats.have used pine slab wood and small
cedar trees for this purpose.

An example of live edge
wood used to make the
structure of a fence. In
this case the board is
just used to provide a
surface to staple
chicken wire and
stabilize the posts, but
2 or 3 more rows of
boards could be added
to make a fence that
would last many years
without metal wire.

13



Woven fence

A woven or waddle fence ia beautiful technique to create a strong barrier. It consists of
weaving thin branches or saplings in an alternating way around a plostsmaller the
branches, the tighter the barrier.

Materials

A woven fenceequires no storebought mateials (a
few nails or screws here and there can help you

cheat). To make a woven fence you need freshly E
harvested material, it must be very pliable. If it is dr

or brittle it will break as you try to weave it. An
overgrown faest is a great place to fincdrowded
saplings. Ideally, a rot resistant material like locust ¢
white oak areperfectfor this task, but we rarely haveg
the luxuryof finding enoughNo matter the rot
resistant wood you usdong as the fence has time to
dry in the sun, it will last may years before needing
to be replaced. Weaving around posts creates a

strong structure, superior to any wire mesh. This

process can also be usedhaild the walls of homes!

14



Theprocessof weaving a fenceequires a lot of material. It isartling when you start clearing

all the straight saplings from the woods. You realize the impact that building with wood has on
the forest® For this reason, wey to minimize thenumberof saplingwe need for this

technique. Fomostsituations only the bottomof a fenceneeds to be tightly woven tkeep

out rabbits, groundhogs and other smaller critters. To stop deer, yowspanesaplings more
widelyor use boards.

Another way to deal with thenaterial demand of this method &type offorest manayement
calledcoppicing Coppicing is the process of cutting hardwood trees when they are dormant
duringwintertime. In the spring, the tree puts out new shoots. Sincehaee notdisturbed the
root system, the tree quickly regenerates. Within a year yawénthin canes useable for
trellises or baskets. Within 3 years, you have lot of material for woven fencesl.Qry&ars you
have material for firewood or round wood timber framing. After that, yam celect a single
cane togrowinto the trunk of the tee. In 1540 years, you will have a large tree which can be
cut again or left to grow. By staggering the trees tbappiceyou can have a continual supply
of lumber for fuel,charcoalcompost and bilding materials. In this wa you can put a forest
into production without needing to clear it. Simply take what you need and stay within the
limits of the forest.

5We find this is an important experiential education opportunity. We would ngeaén this insight if we just
ordered atruck load of saplings and had them delivered to our garden

15



Above A 40 year old maple 2 year
after it was coppiced. Because it
was cut 5 feet above the ground,
deer could not eat the new growth.

Right A 40 year old maple the spring
after it was coppicedDeer grazedn the
new growth (it has sirce recoveredand
flourished).

When you coppice a tree, you bring light into the

forest which stimulates growth for other trees and

plants. This type of land managememeates a
beautiful landscape that wildlife and people daoth
appreciate. Like most of theesilienttechnologies we
advocate sustainably using wood products requires
more than supporting the most moral company or
transitioning to renewable energy sources. B w
want to create resilient wood infrastructure, we have
to transform our relationship to the woods. By using
the forest, we can start to gain insight of how our
actions impact it. Overtime, through intelligent forest
management practices, weill develop anourishing
relationship where we can remove a contingabpply

. of wood from the forest, without destroying ou
¢ source, or disrupting the ecosystem.

16



Moving closer to our principles

In the future, we envision creating wood fences harvested from forests. The ultimate dream is
to utilize pleaching to create a living fendeleaching is the process of weaving togetinng

trees so they grow togethan a desired shapeHedge laying is another technique of partially
cutting living trees and bending and interlocking them so they grow sideways. Over time they
create a livindparrier. We can combine these concepisgbanting black locust and willow

around the perimeter of our gardeand weaving their branches togetheo, createan
impenetrable hedgeln addition to being functional, this would create a multigenerational

living art piecé What a great opportunity toreate nourishing culture with young folks.

Qreating fences from a combination of the methods above works to keeomals so we can
grow our own foodAs we piece together fences and our industrial producigiféo rust away,
we canreplace those compnents with natural onesvhen we learrto better manage the
resources in our community and become more skilled in these nourishing practices.

Photos from WikipediaLeft- a living willow fence right- an example of hedge laying

17



Gates

When designig afence, onsider what kind of access you will need for your gardiéause
wheelbarrowsand garden carts when we gardeso we always make our gates at least 3 feet
wide. In large gardens, we often includéadl and widemain gate that can accommodage
truck so we can drop large loads of woodchipompost olumberclose to whereve willuse it.

Gates can be made with differentaterials andi SOK Y A lj dzS & @ 2 Wig@dEindY + RS I | {
$22R GAYOSNI FNI YAYII &AYLI S Odchilngs palletsBForde A y 3 H
YSOKIyAaYa (2 Klusébstoré BoSghtR&EEVAIE, redaSr@uaterials like

string from a hayale, or hand-craftedhandles andhinges made of woao#

Beautiful gates make all the difference for an otherwise boringéefhis is a great time to get
creative

8 One gate hinga friend made was from a stick shaped to a point resting in a depression carved out of wood. He

then wove branches around this stick. Tgete worked great and required no indusi hardware. The idea for

GKA&E KAy3S 461 a8 02NNRGSR FTNRY | oXpnn @SIENI2fR 3AFGS FTNR
all kinds of ideas we can borrow from the past. (See picture on page 13)

18



This gatewas constructedoy our
summer apprenticesvith round cedar
logs. It was an example of roundwood
timber framing wherethe gateis

joined with notching and carved
wooden pegslt uses minimal
hardware. The gate was mounted with
a pintle and eye hinge which is ideal
for round posts. The door can be lifted
off if necessaryThe gate haghicken
wire stapled to it, but if wewanted,

we couldjoin more timbers or weave
saplings to block critters from the
garden.
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This smple gatewasmade from rough cut 2x4 lumber
and screws Regular door hinges with chicken wire
stapled over the face. Square blocks were added to the
round knobby post for an easier surface to attach
hinges

A curved branch cut flat whe it attaches to the board
makes a beautiful and functional hadle. The doorstop
is a piece of live edge 1 inch pine to help fit a square
door to an organic shape.

Two of our summer apprenticestapling and trimming
chicken wire on the gate.

20



Right: Thiswasa large-scale gate created for a
community garden as wll as one of the easiest gates
to build. This was made from large pallets. The

hinges were simply repurposed string from a hay

to pivot the pallet on the corner close to the post.
This gate wadarge enough to accommodate a truck

This large gate wadesigned and created for
another local community garden. It wasut
from dimensional lumber. The patterof the
continually shrinking squagswas based on
the Fibonacci sequencdt was hung with
pintle and eye hingesawooden handleand a
hand-madewooden latch. It @n
accommodate a large truck.

This rusticgatewas createdby a friendthis year for a
neighbor participating in our commmnity raised bed
initiative. It shows what can be done with wood that
would otherwise bediscarded. The cedar dlavood |
pieces werdoinedi 2 Y+ 1S | aatlf 2
gate. It was hung with a pintle andtrap hingeand
uses a horseshoe as a latch.
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This large gate is the
main entrance to our
garden at Shagbark.

This gate was
designed built and
installed by our
apprentice Sasha Kay
It incorporateshboth
round wood timber
framing and woven
saplingsinto the
design

Sheeven managed to
spell out

G dz$ RA NP dzy R ¢
top of the gate with
flexible branche$
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Water

Setting up a watering system is critical to ensuring you have healthy @opghat is rich in
organic matter, thick layers ofiulch and smart garden bed design can maximanewater
retention, butthe ability toirrigateyour garden will make the défence between stuntedr
flourishing plants. Unfortunately, setting up a conventional water system with a well or city
water access is expensive, requires specialized maintanand depends on lots electricity.

Water without electricityor gas pumpss not something we see oftan agriculture Any water

tap or spigot that a hose attaches to usually relies on an electric pump that pulls the water up
to the tap and creategvater pressue. With this system, if there is no elecitig there is no

water! Also, vell pumps are generallgne of thebiggest uses of electricity in a homg

This makesonventionalwater infrastructure very vulnerable. Aside from the major expense of
digging a well and providing constant electric to a pump, there is always the chance of short
term andlongterm power outageghat can stop you from being able to water your crops
These conventional systems do not meet our requirement for resilierdstructure!

Off-Grid Wateiing

Resilientwater systems are a major focus of research at The Underground Gentes can
havegravity fed system#or collecting and distributing waten our gardensByeliminating the
need forelectricity,we are cuttingcosts and removing our dependence on fragitermful
energy systemslin addition to collecting water for irrigating gardens, wittoper filtration
these systems can also be used drinking, washing and cooking.

Learning frompeople in societieswhR 2 y Qi NBf & 2y Ay Raayto dekignt &8 &4 ¢
off-grid watersources We have a terrible habit in industrial societies to dismiss anyone who

does notrely onmoderninfrastructure asdbackwards. This is not always the case! Simple

& @ a i S YdeceBsariyy Mean inferior. When Chase visited Haiti in 2009, he was impressed

with all the water tank$ie sawon roof tops Electricity in Leogane was limited to certain hours

in the day sccommunitiestook advantage of thatime to pump water upto the roof. When the
electricitywas out, they still hd water through gravity presser There was noterruption

when the power wehout. This is not backwards, this is smart! We should do this even though

S GaR2y QU KI @S G2¢ Ay iel&Bic Usq add ptefakedus far dtat R Y A y A
electricis notavailable unlike our currat system in the U.S. where we rely convenienceso

much thatwe design systems destined to fail.

7When you search online for information ¢t SOGNRA OAG& dzaS Ay | K2YS:I ¢St LidzyL
CKAAd O2yFTANNA GKS ARSI GKIG ¢S R2y Qi S@Sy O2yaARSNI GKS:
just appears in our taps.
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Natural water source

Oneway we have
watered our gardens in
1 the past iswith streams
| or ponds near the
~| garden. The simplest
| way to do this isisinga
~ | 5gallonbucket to
| scoop up water and
walk it over to your
garden. If the garden is
far away, you can use a
wheelbarrowor garden
‘ . : SRS SR cart. From this source
| : 4 @ e you can use a smaller
= P~ container or watering
cantol LILX & AG G2 GKS LIXIydaod 52yQG 6FGSNI RANBOI f
deluge that will wash away the soil around the p@it NP 2 (i &

A more convenient way to get water from a stream is from a pump or a sipfieat. If the

stream is at a higher elevation than the garden, you can draw water from it without needing
electriaty. If it has to go over a hill before it drops down to the garden, you may need to use a
hand pump or electrior gas pumpl 2 & LINJ 0665 @ce it &&ts fliswing, you can turn it

off and it will draw water until it gets an air bubble in the ho#ée used this concept to fill a

275 gallon tank, from there we connected a hose and watered the plants.

An even more sustainable system islydraulicRam pumphat uses gravity pressure from a
running stream to pump water up hill. 1t is totally mechanical and does not need any electricity.
There are great resources to build one from scratch if you search online. Researching pre
industrial methodof irrigation is inspiring. There are lots of ingenious ways to get water from
streams, ponds, or cisterns into gardens without electricity. We will continexperiment

with thesetechnologies and improveur systens.

Rain Caitch

Infrastructure to cokct ranwater is one of the most important transitions we should be

making in our communities. Aside from the cost of electric and the expense of labor to dig wells
and piping, capturing water from our roofs takes pressure off our sewers and streams. The
runoff from roofs carry deluges of water, washing away topsoil and leaching out precious
nutrients for plants. It also carries whatever garbage and chemicals happen to be on the ground
into water ways. In our town that means weed killer, fertilizer, anéfre, gtroleum products,
plastics and who knows what else.
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Rain catches e perfect forwatering gardens. They can tie in perfectly to gravity fed watering
systems and can be used for bathing, cooking and drinking water with simple filtration steps.
With some alltural changes, these systems could be adopted with very little effort into existing
houses. During a natural disaster or other emergency, these simple systems can provide us with
water and allow us to continue to water our gardens. Everyone shuae arain catch?

Rain collection

A rain catch can be simple. The easiest way to get water from the rain is to put a bucket under
the dripline of a structure like a house or shed. The roof direetter to the eves of the roof. If

you line the entire edg with buckets, you can capture all the water that runs off the roof. The
amount of water you can collect duringanstormdepends on the size (surface area) of the

roof and the amount of rain that falls.

We take advantage of the roofline
of our firewaod storageto collect
water to clean compost buckets

| and keep our compost bin moist
8l At one point, wehad had 12five-

| gallonbucketsunder the dripline.
After a small stormthey all
overflowedwhich resulted ir60

S gallons of waterThis method
works.

Thedownside to this is that you

{ have to hauthe buckets, which

weighn n L)2dzy Ra ¢ KSy 7Fdz
also hard to move them without

spilling out water. Another issue is

that open buckets of wateare

breeding ground for mosquitoes.

If you are using tis water

freqdzSy Gt & GKAAa aKz2dzZ Ry
problem. Another solution to

spillageand mosquitoes is to place

S8 a lid over the buckets when they

are full.

8 To eylore how to use rainwater more indepB I R G KS Ay F2NXI A2y FNRBY (KS 4aOSy
web page on the reference page of this document.



Amore refined rain catch adds a gutter to the drip edge of the roof to direct all the water to a
collectiontank. Thisbasicsystem can be upgraded for filtration, distribution, automatic
watering, etc.Thesystem we use at Shagbark garden consistsguitter, adebrisfilter, afirst
flush diverter, and acollection tank From there wecanfill watering sites throughoutite

property.

Gutter: These can bstore bought or made of arcurved material. The gitS NI R2Say Qi+ Of
need to be at theheight of theroof-edgeA i 2dzali ySSR& (2 06S a42YS46KSN
important to have the gutter pitched slightly towar@yr tank. We have found that lots of

people throw out perfectly good gutters when they renovate their roofs. So reclaimed options

are often availabé.

Debris fiter: RoofsO2 f £t SOG f26Ga 2F RSONR& GKIF G réaSon,R2Yy Qi |
itQ@always good to have some kind of screen to keep out large particles like |@aves

needles, bugand sticksThese can be homemade or bought aoercially. It iSmportant to

check your gutter and filter periodically. One time we had a long droughtiasderately

neededto fill our tanks. After a storm, we checked one of our rain catches and found that we

got 20 gallons. Our other rain catch thad a similarly sized roof collecte8@ gallons! We

realized that the filter was clogged with leaves antdestdebris so most of the water raoff

YR RARY QU XKeepyoyriilersdesrS G y{ @

There are lots of commercial rain filters that connexgutters or to the pipe that goes into the
tank. A homemade filter made from a fine screen mounted t@xa &t a steep angle works well.

Firstflushdiverter: Thisis an ingenious design component that will keep your water from
getting funky Between sbrms, roofs will collect pollen, bird poop, and other small debrtgs
small particulate will flow rightitrough a fine mesh filter and end up in your tank. Over time
the water will become discolored and smeluf. To avoid this you can install a fifstsh

diverter which takes a predetermined amount of wateased on the square footage of the roof
and divets it from your tank, essentially washing the roof before collecting the water that runs
off it.

There are many ways to divaatspecific amount ofvater fromyour tank. Commercial options

rely on a floating ball inside a pipe. After the pipksfilith the first flush of dirty water the ball
Ft2l0a G2 GKS (2L IyR aOl Lla 2FF¢ (KS LALIS® ¢K
hole at the bottom of the dirty water pipe allows water to slowly empty out of the diverter

between storms. Otarwise youcan add a valve and do it manualhe diameter and length of

0KS LIALIS O2yiaNRfa K2g YdzOK gl GSNJ Aa aFftdzaKSRE

There are other clever ways to make flush diverters on your.Gviae internet has some great
DIY options. Ovahe comirg years, we plan on working withur interns to design a DIY first
flush diverter that is appropriate for our area made from commonly found materials.
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Collection tankMake sureto have a big enougtank connected tdhe rain catch to capture

the water fom a large storm. Our shewvhichhas B0 square feet of roofingwill collectover
100gallons during a storm that drops an inch of rain. If you are collecting off the roof of a
house, the amount of water from the samee storm will give you ovex fewthousandgallons

of water! If you have a large enough collection tank, it can also serve as your storage tank. If
you are connecting this to a pressurized system, or have your tank located on a very high spot,
this makessense, otherwise we suggest havingltiple storage tanks

A good source for collection tanksreclaimed transportation tanks for food grade liquids. We
have acquired tanks for relatively cheap or free that had olive oil, guava syrup, and food grade
chemicals used in sod&he 275 gallomotes (picturedbelow) are a great option because they
already have a built in valve which makes it easy to connect hoses and other fittings. Another
possibility is connecting multiple 55 gallon drums together to makelarge tank. You can also
invest n a large potable water tank (seg@ 29, just keep in mind thathose tankscan be
expensive.

A homemadegutter

made from fiberglass

roofing, and a makeshift

filter and first flush

diverter. Notice how the

gutter is several feet

from the edge of the

| roof. ¢t KA& RS&A3Iy R2S
use any pipeso collect

the water.
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A commercial gutter, filter and firsflush diverter.
This is relatively inexpensive and should last
long time.

LiQa AYLERNIFIyG G2 KIF@S
your collection tank. Water weighs 8 pounds per
gallonso this 275 gallon tank will weigi2,200
poundsg KSy AlGa FdAfH LGQSJ
collection tankhigh off the ground. This way you §
will be able to fill any water tank thais lower
anywhere in the garden.

This tark will eventually have a box around it to
shade it from UV rays and makeratch the
RSaA3dy 2F GKS odaAf RAY3

Keeping tanks clea®ne way we keep tanks clears(aell ashoses and the water that runs
throughthem) is by having a valve aw inches above the bottom of the tankhis allows
sediment and pollutants likeeavy metals to accumulate on the bottom. Since the outlet to the
tank is not at the bottom the sediment wont flow out when you water. Periodically you can
empty the entire taak and remove any gunk that might accumulate on the bottom.

Anotherwaytokeed Gl yl1a OfSIFy A& YI{Ay3 &adNB GKS ¢ 4GS
@2dz KI @S | Ot SIENJ gl GSNI Gyl 6fA1S GKS wtp 3If
hittingii 2NJ St &4S AG gAff INRg | 3AFSP nddudkk@ dzZ3 K (KA

your hoses. To avoid this, you can buy tanks that are opaque, or you can build a box or some
other kind of barrier to block the UV rays of the sun from the tank.

9If the wateris meant for drinking, itango through a filter consisting of gravel, sand, and chal for potable

water. Rainwater is cleawhen it falls from the sky (even acid rain is not harmful to drink) but when it falls on the

NRE2F YR 3FdziGSNBES AdG | OOdzydzZ  1Sa GKAy3Ia 6S R2y Qi s+ yid
outlet, and charcoal filtration it wilbe potable.

28



Storageand Distribution

The next piece of offjrid watering infrastructure is a system for storage and distributithen
building your storage and distribution systems there are multiple design elements to consider.

The first consideration is how much watgu need for your gaRSy ®@ 2 S | deBingQ G dza S|
how much water we go through when we irrigate our crops. It is sobering to see a 55 gallon

drum of water disappeain 30 minutess KSy & 2 dzQNB g (0 SNA y 3 limitédS I | NR
rainwater has taght us that we need ks of water stored to keep our plants healthy. Unless

you have a small garden you will need didthal storage on top of the initial collection taok

your rain catch

LiQa | f at@cordsivederiNgs witfi tio rainOver the &st two years we hadroughts
that lasted many weekdNeprepare forthis by having a large collection tank connected to the
rain catch and multiple storage tanks distributed throughout the garden.

' This is a 550 gallon
water tank. It is food
grade andhas
connections for
various valve options.
It also has a large top
that can give you
access to clean the
tank. Note how the
exit valve is a few
inches above the
bottom. This allows
any sediment, heavy
metals, or other debris
to settle to the bottom
so the cleanest water
== can be pumped ouit.
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This box keeps out the UV rays from the 2 clear
tanks. It also adds almost 2 feet of elevation to
the bottom of the tank. Since the box is on a

hill, we can level the box out by having the back
legsshorter than the front. We can also include

a filtration system within this box if we wanted

to use it for cookingor drinking purposes. The
box has a roof so it can catch water. (we use the
roof runoff for cleaning compost buckets).

With all the tanks full this box wighsover 4,500
pounds. To make sure the support was strong enoug
we built a very strongwvhite oak and black locust
timber frame base. This is overkill, but better safe
than sorry!
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Alternatively, you can place your tank inside a building. Oea wle have is to build tavo-story
barn. On the second floave can have a large collection tathat is filled from the roof This

will provide some water pressure from the height (a barredmll could get you 125 psi) and
protect the water from sunays. If the barn is insulated and heated, it would keep it safe from
freezing in the winter

If you are lucky enough to have a hill overlooking the garden, you can dig into the hill and make
an underground structure to store a water tank. This waép itout of the sungive you the
advantage osomewater pressure and protect it from freezing temperatures. For gardening,

you rarely need water in the winter, so this is only necessary if yve la greenhouse or use
rainwater for other purposes.

Gravity essure

Watering with gravity pressure, vs a mechanically pressurized system takes some getting used

to. Water flowing just from gravity can be very slow if your design is not rightnake a

effective gravity fed system you have to understand the difiece betweenwater pressure

(PSI: pressure per square inch) dindv rate (GPM: gallons per minute). Without getting too

technical, it is hard to achieve the high pressure we are used tonwvectional plumbing with

gravity pressure.The only way increaspressure is to have your tank higher in the aoget

40 psi (which is common in a house faucet) the tank would have to be over 100 feet in the air.
{AYyOS 3FAL Yyl ¢ (SeNdoilrgadeng®S | QUBW @i FSI akwaS  AyF
levels wihout a pump.

What we can control more easily is flow rai&e do this byusing hos with large diameterand
big valvesThis allows water to flower quickly out of the tank. Also, with gravity pressure,
longer hoses tend to slow down the flow rate, so ke to have multiple tanks around the
garden with shorter hoses.

Watering cans also work well! If you haveaurce of water that fills up the can quickly and is

close by, this can be a convenient way to water. This can certainly become tedious ifvgou ha

large garden. With a pressurized water hose, you can stand in one spot and spray the entire

garden, but witha gravity pressu system you have to water each plant individually. By

ONBI 1 AYy3 dzLJ G§KS 3 NRSy Ayi2 &aSoidediferen2 NJ a1 2y S
parts each day. Since we always mulch our gardens and focus on building healthy soillsthe be
NBGFEAY g 0SNE a2 ¢S R2y QiU 61 GSN) SOGSNE Rl & !y
wateronceaweek YR 2yt & AT A0 R2SayQi NIAY
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| This is a system we set up around our

garden at shagbark. These are 55 gallon

drums (whicharerelatively eay to come

by). They have 2 holes in theafready,

so wecanattach a valve at the bottom

with a garden hose attachment. The top

© hole has a pipéo let in air to allow the

sl water to flow. (attach a screen to the

K2tS a2 o0dzZ2a R2y Qi Y20S
Becawse we have stumps scattered

around the garden from clearing, we can

= placethe tankson them. We putwo

= woodend OKdzO1 a¢ 2y GKS & dz
tankR2 Say Qi NRtf 2@0SNP ¢K
height, allowing us to water any beds in

the garden.

i The spigot at the biwom of the tank is a
few inches above the bottom to allow
sediment to fall to the bottom.

| The spigot is multi purpose. It can be
used to attacho our collection tank for
easy filling. Every time we have a big storm, we drain our large collection tathle oain catch
into our storage tanks in the garden freeing up catchment space. The spigot can be used to fill a
watering can or 5 gallon buckdt can also be used to wash dirt of your haratswet mulch
before applying.

Because we have a garden h@tapter, we can attach a hose to water the gardeiacethey
areplacedil KNP dz3K2dzi GKS 3IFNRSYy>S 6S R2yQrdenyfe8SR f 2y 3
damaging plants. In the future we plan on attaching these to an automated watering system.

Anotherbenefit of these storage tanks is that in a pinch you can fill them from an alternative

source. When we first set up the garden at shagbark, vlRdy’ Qi KI @S | NI Ay OF ¢
to bring in a 275allon water tank filled at a frierf@well in a truck With a lot of these tanks

set up, we were able to fill them and have water available during droughts. This type of flexible
system makes yourrigation more resilient. There are multiple ways to use it and, in a pinch,

you can take a few hours to fitlup from a neighbd® well or a nearby stream and still have a

convenient watering system. A conventional electric powered well pump or mahiegtering

system will become completely useless ieanechanical part fails or the electric is out. Not

smart.
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Upgrading your system for convenience

If you want to have water pressure with an-gfifid system you can add a 12 volt pump to give it
pressue or pump it to an elevated spot. Theare powered byl2 voltbatteries. AtShagbark

we have solar electric that powers 12volt deep cycle batteries. Below is an example of a small
12 volt pump to add pressure. (this is actually forautdoorshower, butit can be used for
watering).This could be connected ta timer and a drip irrigation system for a very efficient

and resource saving method.

A storage tank
with a garden
hose adapter,
an inline screen
filter, a

. drinking water
| adapter and a
. 12 volt pump

. for added
pressure.

Drip irrigation

A greatway to make watering more convenient and to save on resources is to utilize drip

irrigation. This slowly releases water under your mutttectly to the plantkeepingthe soill

moist at all timesDrip rrigation with gravity fed water can be complicatbdcause of the low
pressure We once tried just drilling a bunch of holes in a garden hose to make a homemade

Gazl 1SN K2aSoé 2KIG 6S RAAO2OSNBR A& OGKFG gAd
of the holes closer to the water tank before it gdb the end of the hoskeaving that part of

the garden bed dry
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To addresshis, you canbuy speciakmittersand piping that are designed especially for gravity
fed irrigationto have consistent watr through the whole lineThis is costly and iti€hti Of S NJ A ¥
the imbedded energy in creating the hardware outweighs the benefit of energy savings.

- Aneasyalternativeis to attach your gravity line
to ashortpipe with many holesThis pipe can
be laiddown the middle of your garden bed. In
theory thiscould also be mad&om wood or
ceramic.

Picture from thecenterforrainwaterharvesting.com

In the future, we plan to connect our existing watering stations to a homemade drip irrigation
system. Because dabed will need its own piping system, this willdbbig material and labor
Ay@dSaaySyiadoe 2SS R2y QG LX Iy 2y R2Ay3 (GKA& dzyGAf
Another possibility is picking certain beds to do this and building irrigationregstirectly into

our future raised beds

Getting closer to our principles

Some of the weak points in our current -gffid watering system are industriglitters,hoses
valvesand holding tanksWe can reclaim lots of thesghile beingcareful aboutoxic
contaminantsrom lead hose®r we canbuy high quality components that will last a long time.
Ultimately though,we hope to replacéndustrial materialsvith local sustainable industry on
various scalegrom homesteadproductionto smalllocalfactories.

Wooden pipes and gutters have historical precedent. Our frigaimden acquired a bunch of
small logs that were converted into hollow pipes that interlocked from a demonstration at a
local fair. Our friendimmy uses bamboo cut in half for his guttersl &imey have ben
functioning for over a decade. Replacing hoses with wooden sleuths or aquésliacts
possibility, but like many natural solutiorthjs requires more permanent set ups

Wooden holding tanks were the norm until less than 10(
years ago. Nework City sliirelies on Wooden 10,000
gallon tanks on top of buildings above 6 stories. These &
more efficient and resistant to the elements than concre
or steel. Cooperindthe profession of making wooden
barrels)was a huge industry in Saugerteesd lots ofother
places until the early 20century. We could bring that
back!There is also potential for ceramic cisterns and jug
for storing and distributing water. Figuring out how to fire
ceramic without using lots of wood fuel is an obstacle wg
need to figureout to make this option viable

Photo from newyorkitus.com
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Greerhousesand other season extenders

In our area, we have a limited amount of time to plant seeds before we get hit with a &ost.
greenhouse is a great way to get a hestart extending thegrowing season. Alsby starting

seedlings, you can have a more diverse diets of vegetablesve love to eat during the

summer need to be started early. Tomatoes, peppeggplants, watermelorand cantaloupe

requirean early start, andby starting cold tolerantrops indoors we can beatingmuchearlier

in the seasonSome cropéke2 Yy A2y & g2dzZ R 6S GSNEB avrtt AF 4SS
them more time to grow in our relatively short season.

Seedlingsre another part of gatening that people often take for granted. They just head over
to a local nursery and pick up seedlings for a reasonable price. A lot of energy and labor goes
into the potting soil, heating of a greenhouse and/or grayits, wateringand equipment.

Finaly, growing our own seedlings saves a lot of water and other precious resot{rces.

Simple structurego extend the season

There are a lot of options faxtending the seasodependngon your goalsOne option is to

dig apit in the grounda few feetdown and cover it at night witla blanketor a mat. Before

windows were produced on an industrial scagyopular technique for extending the growing
aSlazy FT2NJ FNIzZA G G NBSa I yRThigwiak Ssbheldtllfadidgihe s a O
sun.The hermal mass was heated from the sun creating a warmer microclimate around the

crops. Entire areas were enclosed in this way increasing the temperature as much as 20

degrees. The first greenhouses were likely just windows propped against these veadtertd

the growing season even furtherhis concept can be integrated into a modern garden or

against an existing home.

This is an example of a heated fruit
wall from the 18" century. It has
horizontal chimney flues to add even
more heat to the wall.Desigs of fruit
walls became very complex to
increase sun exposure and thermal
mass before the advent of easily
produced glass

WC2NJ Y2NB AYTF2NXIGA2Y | 62dzi GKS o0SySTAaida 2F aidl NIAy3a ac¢
DF NRSy ¢
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Seedlings

Starting seedlings helps extend your growing season and diversify youfdistart seelings

you need to haverays for holding soil. Seedling trays should b&i&ches deep (they can be

less for individual seedlingsThey also need to have some sofrdrainage so that water

R2Say Qi L22f dzLJ ' yYR RNRgy (yk @lsoNBo@riias fibts)2o off A 1 S
eastern red cedar since it is rot resistant and abundant in our gue& would work fine)We

also reuse aluminum trays because tlggythrough a lot of them athe Boys & Girls club.

Sturdy plastic cups also work for imttilual plants. They require a lot of solil, but their size

YSIya 82dz R2y Qi KIF@S (2 GNIXyaLXlyd G§KS &aSSRfA

Seedling flatmadefrom % inch cedar
boards. We leave amallgap

between the boards on the bottom

to let excess water drain out. Thee

3 trays can be heavy when they are full
of soil, but they are sturdy and long
lasting.

Combination of homemade
andreclaimed seedling
trays. The aluminum trays
have holes poked in the
bottom. They have to be
moved with cae because
they can bend and disturb
the roots in the soil.
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Seed starting soil

A lot of commercial growers use special sterilized soil for sgdaedlings. This potting mix is

usually expensive. We find thisstis unnecessary. From our experienae]l broken down and

sifted compost works great for starting seedlings. This can be mixed 50/50 with nice soil from

the garder. Compost aloneworks®f f a4 f2y3 a Al AayQid aK2(Gdé
j dz € A& O2 YL}R &dmpdStkiGiquiion &f datiouridhiiztylihfr@structue Bddk.

Coldframe

A simple structure to start seedlings is a cold fra@eld framesely on glass or clear plastio
generate heat from the sumhis heating is known a@solar gaire

This simple portable cold framwas built with
HEnQa ybodég®dt yIi3i S YR HEHQA
connect the frame.

Reclaimeds mil plastic sheeting was sfded to the
sides and top with a long board stapled to the plastic
at the bottom of the frame to keep it from blowing

up in thewind.

Both sides of the cold frame can be opened for
ventilation and access for watering. If it gets
too hot, the opaque platic helps give it some
shade. We shoveled some woodchips on the
sides to minimize cold air penetration at night.
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A cold framecan also be usetb protect hardy plants from hard frosts. Thligtendsthe

growing seasoby letting you get plants in earlier in the spring or keeping plants alive into the
late fall. Some crops like Kale or swiss chard can survive through the entire ivthiey are
protected by a cold frame.

A cold frame can be built
over an existing bedA
design like this can
incorporate an old
window or glass door.
When the weather warms
up, the window can be
removed.

Photo from doorgarden.com

Hot house

The benefits from thermal mass or solar gain can only take us so far. At a certain point without
a heat source frost sensitive plants witlie during freezingrights. Back in the days when horses
were used for transportation and farming, there was lots of manaying around. A biproduct

of decomposing manure is heat. Farmers realized they could keep their greenhouses warm
during winter and early spring and came ughnhiot houses. Basically, a tkibed of hot (fresh)
manure, possibly mixed with weeds or hags placed at the bottom of a box. A cold frame
wasbuilt on top of that box and the heat from the decomposing manure kept seedlings warm
through freezing nightsSome more complicated designs used pipes with water running
through the manure into a growgbed to transfer heat into the soil.

With the advent of gas powered cars and tractors, horses and their manure werelasson
It became harder to get cheap mare. Also,low costelectricity made it easier to use light
bulbs to generate heat in a similway, creating electric hot house3he heatgenerated by
decompositionwas no longer needed

38



At Shagbark, we reviddi KA & LINJF OG0 A OS @ { Aoys&sSor aihdr farayiifals, K| @S
we relied on composiWe noticed air large compost bingonsising of leaves, weeds, coffee

grounds, food scrapsawdust,and mushroom strajweachsustainedemperatures of 12€140

degreesWe decided to try to create a habmpost bin specifically for growing seedlings.

Utilizing atwo-weeksupply of our friends lfal I Yy R WF NBRQ& NBadl dzNI yi ¥
able to fill a large compost binith a perfect mix of carbon and nitrogen rich materigls

The 4 &et wide by 6 feet long by 3 €et tall bin reached high temperatures in less than a week. We

used meat andregetable foa scraps, mushroom straw, leaves, agedmpost,and hay in alternating

layers2 S (2 LIISR 2FF (G(KS az2if gAGK y AyOKSa 2F KlFe&e (2
give off a bad smell. This worked perfecihs a smell and pest deteent.

1 For more info on how to reach high temperatures with compost check out our e8dol YLJ2 8 G Y C2 dzy RI A 7
NourishingFoR { @ a i SY¢§
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string from a hay bale, and ehr plasticon top of
the bin. On top of the hay, we placed seedling
trays.

Z, > °¢ '200_;:
/ REOTEMP >

COMPOST

The high temperature inside the

compost bin leveled off to

about 125 degrees after 2

weeks. The temperature inside

the hoop house stayed in the

f2¢6 tnQa SGSyYy Rdz2NAy3
nights. We vere able to grow a

few hundred seedlings in this

small areawithout needing

fossil fuels to keep it heated.

This concept has a lot of
potential for keepirg seedlings
warm, heating water, or even
heating a living space. After
three months, the conpost was
mostly broken down and
repurposed into afew mounds

to grow corn, beans and squash.
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