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650T.0 Introduction

A. Purpose and Scope

1. The purposef this subparts to provideengineersplanners, antechniciars
with a guide fomprojectplanning, desigiorsiderationsandinstallationof
urban agricultural systesnAn urban farm comes with unique challenges and
opportunitiesThe design of urban systems may include many conservation
practices usedithin traditional or rural agricultal systemsThis subpart
onurbanagricultureis national, broad, and introductory in scoped may
be supplemented with regional and local information

2. A resilient food systenncludesa wide variety ofigriculturalsystems at all
scalesUsingdifferent types of agricultural systernanoptimize production
under certairsite-specificconditions Planning, design, aridstallation
efforts mustonsiderthe site conditions available resourceparticipant
needsandcrops tobe grown.Urban agriculture may take madifferent
formsand as suctprovidingtechnicalassistancenay requirea holistic
approach tamplementing NRCS®onservatiomractices successfully and
sustainably.

B. Background

1. The termfiurban agricultur@is not easilydefined.At the time ofthe
development of thisubpart there isno formal definition offiurban
agriculture within the USDA.Urban agricultureanmanifest inmany
forms such as backyaehd balcony gardening, community gardening in
vacant lots and parks, warehoudegh tunnelsand greenhousgsoadside
periurbanagriculture, and livestock grazing in open spaast varieties of
crops anglantscanbe grown in these systentsxamples of suchay be
leafy greens andegetables, mushrooms, medicinal and ornamental plants,
and fruit treesAnimal and livestock options in urban agricuéilisetting
typically includearrangements athickens, fish, goats, atmbneybees

2. The use of small urban gardens to address food needs is nocamapt
andhaslong been part of the urban landscape. Some of the most noteworthy
examplesnclude whatwverecalledfvictory gardens tn World War | and
World War 1|, slogans such as: "Food will win the war" and "Sowing the
seeds of victory encouragd the general population to become involwed
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food productioreffortsclose to homeFigure650T-1 below shows aintage
USDA poster promoting gardening

Figure 650T-1 USDA Poster of Uncle Sam Encouraging Gardening to Cut Food
Costs (C|rca 1917)

U.S.Department of Agriculture ¥
ora FREE Bulletin on Garde

3. Estimates suggest Hercentof the world's food is grown in urban aréas.
Therapidgrowth of urban agriculture comes with many advantadddsan
farming carmakemaxmum use of available space, as in the case of
vertical farmsuse1/10" of the space that conventional farose It can also
provide a shorter supply chain because it is grown closer to the consumer.
the case ofontrolledenvironmentagriculture(e.g.,greenhouses and vertical
farming), there could be more control owarpredictable weather conditions
and seasonality

C. Community Benefits

1. Nutrition. Urban agriculture offers increased access to healthy, locally
grown, and culturallyelevantfood. Having space to grow and share food is
especially important in disinvested and underserved neighborhoods, where
finding fruits and vegetables can be challenging.

1 Food and Agriculture Organization, Urban Agriculture for Sustainable Poverty Alleviation and Food
Security (2008).
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2. Health While eating fresh food is beneficial in and of itself, the act of
growing that food also boosts physical and mental hé&#search shows
that working with plant and putting our hands in tlseild provides
outdoor physical activity, induces relaxatiand reducestress, anxiety,
blood pressure, and muscle tension.

3. Economy Urban agriculture can provide additionalsource of income for
gardenerandlivestockproducersandit cancut family food costsThe
harvest can be used for fordrect gr ower 6s oW
marketing business modelBhis may includeconomic paths such as
farmers markets, restaurants, roadside stands, comnsupported
agricultural boxes, {ick stands onfarm direct sales to the consumand
even selling at theommercial retail scale. Ese economiopportunities
may alsgprovide jobtraining and jumpstart other small busiressa the
community

4. Community Urban farmingcanadd and preserve green space in cities,
providing places for neighbors to come together, strengthen bonds, and build
community cohesion. Urban agriculture connects people with the earth and
the source of their food as well as with each otierthe community, tban
farmscan offercritical opportunities for youth leadership, intergenerational
collaboration, and crossultural learning.

5. EnvironmentUrban agricultureanimprove environmental health and
climate resilience in the face of increasing storms and Reducing
compadion and increasing soil health in urbarriagltural landscan
increaseheabsorptiorof rainfall, which helps to prevergtormwater from
overloadingstormsewer systems and polluting waterwaysghan agriculture
canprovidecoverand habitatfor pollinators like beedNatural landscapes
also absorb less radiant heat thaildings, roads and other structures
Increasing vegetation and treave cankeep city neighborhoods cooler,
minimizing impacts oiccumulated radiaihteat.

D. Controlled Envirmment Agriculture

1. Controlledenvironmentagriculture (CEA)encompasses a varietyfafming
systenmtypesdesigned t@ptimizegrowing conditions for crops and prevent
disease and pest dama@d&A can range from shade structytess andhigh
tunnels andgreenhouset® aquaculturesystems omdoorandvertical
farms.CEA is typically associated witfully automated, closetbop
productionsystems with controlled lightingsrigation, and ventilation.

However, ommon practices such as plastic film over figldwn crops, nets
or shade structureand aquaponics systems that integrate fish or aquaculture
are also forms of CEA

2 Jonathan S. Kaplan, Plants Make You Feel Béltitps://www.psychologytoday.com/us/blog/urban
mindfulness/200903/plantrakeyou-feetbetter(Mar. 11, 2009).

3 Seeid.

4 Food and Agriculture Associatiosypranote 1.
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2. Aquaculturehydroponicsandaquaponicsretypical forms of CEA
designed to produagops yearroundin urbanagriculture system3.hese
systems are housedildings, greenhouses, or other structures where the
environment is monitored and controlled for a variety of factors including
temperature, humidity, lighting, air flow, carbon dioxide concentrations,
nutrient dosingandprotection from pestd he sections belowescribe
examples of CEA systems

650T.1 Types of Urban Agricultur e

A. CommunityGardens

1. Communityandtraditional gardens, patterned after tetory garden
concept, have grown in appealmasreurbanites desire to have organic,
locally grown produceTypical production size i$00square feet to an acre.
Topographiesend to be slightly sloping to levedoil types tend to be
previously disturbed from development for urlpamposesSeveral example
community gardens are shownRigure 650T-2.

2. Gardenersepresena cross section of the communifjhey have varying
knowledge ohorticulturalpracticeghat can evemclude indigenous
practices from local and distant land$eir source oknowledgecan come
from many placesuch a%ral history, gardening bookandextensios of
helpfrom universities and neprofit agenciesTheymay beorganized as
individual gardeners, cooperatives of garderar$or-profit corporations
Many of the gardenare sponsored liyonprofit organizationthatwork with
a variety offederal state, andocal partnersEstablishingcommunity
gardens in cities not only promstarban agriculture but alsnay promote
social and environmental stewardship.
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Figure 650T-2 Example of Communlty Gardens

B. PeriUrban

1. Perturban agriculture is defined blggFood and Agriculture Organization
(FAO) of the United Nationas "agriculture practices within and around
cities® This includes rural or sennural lands that fall along the fringe of
the urban land. These can provide largeaile plots and often allows for
animal productionCommercial perurban livestock production is an
extremely fasgrowing sector, representing pércentof total meat
production and 7@ercentof egg production worldwid&Such agriculture
can also provide valuable work experience for young peéjdere
650T-3).

2. A typical periurbanproductionarearanges betweeh and30 acres. Terrain
tends to be slightly sloping to level to provide better field operations.
Productionmay bedone with hand tools and small engjm@wvered
machineshowever small tractors are also commdstructures thatelp
extend the growing season atsocommon.Harvestingoperationsan be
extensive anghouldbe considereduring planning stageBProcessingnay

5 Food and Agriculture Organizatiobyban and PerUrban Agriculture SourcebodkFrom Production
to Food Systems (2022).

6 Food and Agriculture Organizatio8pecial Programme for Food Security, Urban and-Bdyan
Agriculture (2001).
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occur on site which means waterdwastewateravailability of electricity
and permanent structureBouldalsobe considered planning Irrigation is
requiredto ensure production whehere is not enougtain, especially for
high tunnels and greenhouses

Figure 650T-3. Examples of Peri-Urban Agriculture
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C. Green Walls

1. Green wallsalso known asedible walls, are vertical structuresith different
types of plants or crops attached to th@mgure650T-4). Theycan befound
in a variety ofpublic settingssuch agparksor onthe outsideor insideof
buildings The greenery is often planted in a growth medium consisting of
soil, stone, or water. Because the walls have living plants in them, they
usuallyhavebuilt-in irrigation systems

2. Green wallcanbe categorized intseveralgroups and subgroupsuchas
living walls andgreenfacadesLiving walls differ from greenfacadesn that
greenfacadesare often seeanthe outside walls of buildings, using the
walls as structural support. liwing walls, the growth medium is on the
surface or structure of the wall, whergmeenfacades are rooted in the
ground. Moreover, thgreenfacadesnaytake amuch longetime to grow
enoughplant material taover an entire wallwhile living walls may be pre
grownand installed as a who{Eigure650T-4).

210H 650Subpart T (amendeflugust2024) 6



3. Functions and Benefits of Green Walls

a. Besides the visual effect, outdoor green walls and facades have been
found to increase energy efficiency of structures since pieaits reduce
the overall temperatures of buildings when exposed to the sun during
summer months.

b. Research has shown the transpiration process of plants may slightly
reduce temperatures indoors as well, which alag increasenergy
efficiency.

c. When plant matter is thoroughly dense, it can act as an insulating barrier,
which mayreducetransient noise levels in buildings.

4. Growth Media of Green Wall

a. The plants ofjreenwalls need a growth medium into which they may
root. The growth medmis placed in a structure (e.g., bags, pots, or
boxes), which together forms a system for growing plants. These growth
media systems come in different types and are generally grouped into
four categories: loose, mat, sheet, and structural.

b. Most green wall manufacturers use whatever standard growth media is
available on the market, often rockwool or soil. Media selection, support
systems and structuremdplants must be selected systematically to
work with the specific design in hand

5. Plant Selection of Green Walls

a. Theprimary componestofgreenwalls are the plants. Different types of
vegetation can be usgabowevertheremay berestrictionsto plant
selectiondepending on the type and purpose of the green wall.

b. When selecting plants for a smart and active green paflextra
attention to the resilience of the plants. Location and available

7 Marc Ottelé, Katia Perini, A.L.A. Fraaij, E.M. Haas & R. Rait@gmparative Life Cycle Analysis for
Green Facades and Living Wall Systeas Energy and Buildings 3419 (2011).
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technology haveraimportantmpact on the selection of plant species.
Parameters like drought tolerance, air circulation growth media, and
accessre alsamportant.

6. Irrigation of Green Walls

a. The irrigation systemsf greenwalls aretypically eitherrecirculating or

direct systems. A recirculating system circulates the water, pumping and

distributing it from a builin tank. The tank can be either filled manually

or connected to a buildingds water su
b. A direct irrigation system gets the water from an external water source.

Whereas recirculating systems collect excess water for reuse, direct

systems send the excess water to a sewer araimther apprpriate

disposal site.

D. RooftopFarming

1. Rooftop farming producscrops in restricted volumes of soil on rooftdps.
Rooftopstend tohaveadequate exposure to sun, are partly or entirely
unusedand are everywhere regardless of the size of urban setting.
Rooftopd or evenbalconyd space®ffer opportunities for all forms of
lateral and vertical garden farming, and potentiallgngreenhouse
establishmentRooftop gardensHgure 650T-5) help reduce local levels of
CO,, remediate storm water runoff, and provide vegetables for localruse
specialty produce for nearby markets.

8 Lisa Barreiro, Rooftop Gardening in an Urban Setting: Impacts and Implications (Mar. 21, 2012)
(Masters thesis, Duquesne University) (on file with the Dugquesne Scholarship Collection).
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Figure 650T-5. Rooftop Garden on USDA South Building in Washington, DC
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2. There are several consideratid@ase madédefore convertingrooftop or
balcony toaccommodate small gardens, greenhousesther urban garden
technologiesSome of theeconsiderationsnayincluderegulations
integrity, irrigation, drainage, and safety

a. RegulationsAn importantconsiderations to mntact the city to see if
there are any local building codes prohibiting rooftop gardeds the
building ownerprohibitsplacement otirban gardensn the rooftop

b. Structural IntegrityRegardless of the building ownershipe roofmust
be analyzed to determim®w muchweightit can supportRoofing
materialmust alsdbe evaluated to see if it can withstand the increased
traffic, gardentechnologyadditions, and the increased moisture inherent
to gardening conditiondRaised beds darge gardeningots suitable for
the backyard can adthexcessive load on the roof, so the construction
material for the beds and the contaireesimportant.Fiberglass or light
metal or plastic planteare good, light alternative&rowing medums
within rooftop gardens, such escycled materials or compost tlzae
lighter than soilcan also reduce the weigfihe goal should be to keep

the | oad as | ow as possible and welll
capacity All structural and weight considerationdll require a
discussionwlian engi neer to secure reliable

weightbearing capacity and its watgght surface composition.
c. Irrigation. Mostcropswill likely require dailyirrigationin most climates
especially in the summegxcept after rainfall eveatDaily irrigation is

210H 650Subpart T (amendeflugust2024) 9



especially important foplants in rooftop greenhouses or under high or
low tunnelsas they geho rainfall benefitsin addition, access todated
city waterfor irrigation purposes may lo®stly. Often this carbe offset
by a rainwater capture systesing grey water may aldze an option

d. Drainage Drainage is aincrediblyimportant factor in rooftop
gardeningThe rooftop layout of the gardens must not impede free flow
surfacerunoff due to rainfall and irrigatiolChanges to drainagmtterns
could lead to puddling, or even floodiagdbuilding collapse if drains
are blocked.

e. Safety In designing rooftop gardens, thememany sfety
considerationso make, such amstalling adequate railingnd
minimizing fire hazardsAs suchgdesigningany rooftop garden
technologyrequires careful attention and adherence to local fire and
building codesAdditionally, dant selectionn rooftopgardenshould be
consideredtarefuly. For example, thhigher the roof, the higher the
potential for wind to impact talleswayingplants more thatheir
bottomheavy squatter counterpartgrban settings also suffer from
elevated heat due theheat island effecthus,some shading and plant
protection maye necessarySafety considerations are always a priority
However,to avoid unnecessary eyesores, the designer should try to
implement safety designs thainsiderssisual appeaand aestheticgor
example, wnd breaks help with both protecting against the wind and
hiding unattractive settings.

E. Hydroponics

1. Hydroponic culture isvariantmethod of crop production. It tkeprocess
of growing plants in nutrient solutions (wateith addedertilizers)usinga
soilless meih thatprovides support for the plardndroots.Crops aregrown
in different hydroponic system types basedtant physiological needsnd
theoperational requirements of tfeility the system is housed.ids with
traditional gardening and agriculture methddgjroponic systemsust
provide crops witlproper growing environmesit

2. In ahydroponic system ater, nutrients, and oxygen are provided to the
roots while the shootseceivelight andcarbon dioxideandare maintained
in conditionsthatfacilitate thetranspiration procesSVhile there are
variationsin hydroponic crogystem architecturehére are threbasic
archeypes They are generally categorizieg nutrient solution
administration constant flow, intermittent flonand airbased systemg&ach
oneoffers distinct advantages for different crogsdrequiresspecific
engineeringlesignparameters foproper implementatiari-or nore
information on design and operation of hydroponic systesesection
650T.7, filrrigation Benefits of thissubpart

a. Constant flowsystemsare designed tconstantlyimmersethe rootswith
anutrient solutiorusingmethods such ateepwaterculture(DWC) and
nutrient film techniquéNFT).

210H 650Subpart T (amendeflugust2024) 10



b. DWC systemgonsist ofpondsthat are typically 90 12 inches deepnd
usefloating raftsto supporicropsabove the water surface while allowing
the roots taemain fully immersedh aconstantlycirculatednutrient
solution Aeration of the rootzone in DWC systems is typically achieved
using a separate air delivery system with-lon@ssure blowers(g.,
regenerative blowers, linear air pumps) adistributed evenly in the
ponds using air diffuserkoss of water flow in DWC systems does not
pose an immediate threat to crop health as the water remains in the pond.

c. NFT systems consist ebveredchannelsmany of which resemble
gutters whereplants are placeu. A constant flow ohutrient solution is
appliedto the plantsas a thin layer (or film)Aeration of the rootzon
NFT systemss achieved through the constant movement and gas
exchange across the thin layer of nutrient solution and the direct
exposure of roots to air thechannelsLoss of water flow in NFT
systems mycause wiltingvery quickly as there s n 6 rhedia awater
reservoir in the rootzone

d. Intermittent flowculture systemadministerthe nutrient solution
periodicallyusing drip emittes or by flooding the rootzonéo provide
cropswith fertilizer andirrigation water, an irrigationmethod termed
fifertigationd Thetime between irrigatioror flooding events allow$or
re-aerationof the rooting mediurwhich is necessarfpr plant
physiology andnicrobial management in the rooting medium

e. Drip emitter system#ollow the Irrigation SystemMicro-Irrigation
(Code 441) conservation practice standardhefi Mul t i pl ed OQut | et
practice scenariasing a fertigation strategy insteadctéar water for
irrigation. Drip systems may administer nutrient solution into individual
containerdilled with soilless mediar slabs ofplasticwrappedsubstrate
(typically measurin® to 12 incheswide by 3 to 6 inchesdeepby 4 or
morefeetlong) where a rooting mediurfsubstrate)s contained in
plastic wrg. CGrops are directly planted into tisebstrate by cutting holes
in the plasticand excesautrient solution drains out of the bottarhthe
slabthrough drain holes.

f. Reciprocatinglood and drairsystemdollow thelrrigation System,
Surface and Subsurfa¢€ode 443) conservation practice standard
thepracticescenarios el ati ng to fAFl ood Floor | rri
(Ebb and FlowBenchirrigation.0 Reciprocating systenfkod a basin
with nutrient solutiorto soak the growth media being used. The basin
may holdindividual containers or trays the median which crops are
plantedor directly holdthe media itselsuch as gravesand perlite,and
ceramicspheresMediafilled basins requirenoreoperational
maintenancéhanthe individual containers to prevent cloggihg media
with microbial biomass and plant roots. Reciprocating systesimg)
flooding systems are motgpical of commercial operationwhile
mediafilled basins argypically usedin smaler homestead operations.

g. Air-based culture systerasecommonlyreferredtoag aer oponi c s
Crops grown in these systee first rooted irsoillessmediaand then
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transplanted tastructuresvhere the rootare houseavithin a closed

environment Nutrient solution igheneither sprayed or splashedto the

rootsas thesolemeansof fertigation.Aeration and fertigation happen
simultaneously in these systeassthe rootare exposed to the air
constantly.The two most common forms of aeroponic systems are
pressurized misting systerasd splash towers.

(1) The pressurized misting systeniver nutrient solution to roots
enclosedn acontain@ environmentwherethenutrient solution is
sprayed using low or higpressure misting spray nozzles

(2) Splash towerpumpfertigationwater to the top of aropgrowing
tower. Crops are insertenhto holesin the walls of the tower along
the vertical axis on all sideShefertigationwater flows through a
diffuser grate and then splashdown on the roots of tlseops before
accumulating in the pumping reservdihe system then filters out
solids from the water beforeecirculating the nutrient solution.

(3) If the flow ofwater islostin aeroponic systemsrops maywilt
quickly as these systems do not provide a reservoir of nutrient
solutionin the rootzoneThe operation and maintenanf@ these
systemsnustinclude regular checking and cleaning of spray nozzles
andmonitoringthe filtrationandrequired operating pressures toe
pumping systems

3. Substrates and Media

a. Organicmedia €.g.,coir, peatwood fiber)

b. Inorganicmedia é.g9.,sand rock, gravel, perliterigid foams, rockwool)

c. For detailed information on substratesgAppendix O fiTypes of
Substrates Used for Hydroponics and Aquaponiafsthis subpart

4. Nutrients

a. There are 16 essential nutrients required for the plant growth and
development. They are classified into two categories: primary and
secondary nutrients. Primary nutrients, also known as macronutrients, are
required in the largest amounts and incloadoon,hydrogen,oxygen,
nitrogen,phosphorus, angotassium. Secondary nutrients, also known as
micronutrients, are required in smaller amounts and inaabiéum,
magnesium, sulfur, boron, iron, copper, chlorine, manganese,
molybdenum, and zin@lthoughcobalt, nickel, sodium, and vanadium
are not considered essential nutrients for plant growth, they can still
benefitthegrowth and developmenf certain plantsAll these nutrients
cancomefrom eitherorganic or inorganic sources.

b. In hydroponic systems, plants are growminutrient water solution
instead of soilThenutrient water solution provides water, oxygen, and
essential mineral elementsttee plants in soluble formwhich are
absorbed byhteroots in ionic formThus, unlike plants grown in seil
based systems, hydroponic plants do not need to expand their roots to
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find nutrients. The energy that would otherwise be used to expand their
roots are instead used to develop foliage, flower, and fruit.

5. Instead of soil, hydroponic plants are either grown in inert media (e.g., sand,
gravel, vermiculite, rockwool, peat moss, coir, sawdust) that support the
plant's weight and anchor its root structure, or they are suspended in the air
(i.e.,aeroponick There are multiple approaches to designing hydroponic
systems, but the core elements are essentially the same.

a. Fresh waterMost plantghrive inwater with a pH levebf around Go
6.5. The acidity of the water can be adjusted wittductsfound at local
hardware, garden, or hydroponic s®re

b. Oxygen In traditional farming, rootseceiveoxygen needed for
respiration from air voids in the soHlydroponic systems, however, must
provide oxygen through different mea@epending on the hydroponic
systempoxygen is delivered by puttingr space between the base of the
plant and the water reservoirasingan air stondi.e., porous stone
hooked to an air pumpo continuously oxygenate the water

c. Root SupportEven though a hydroponic system does not need soil, the
pl antdés roots ssupportithelarg €e sodsulsstitubes t r at e
mustprovide ample watenolding capacity but be porous enough for gas
exchange. Typical materials include vermiculite, perlite, peat moss,
coconut fiber, and rockwoadWaterials that might compafike sand or
t hat dondt r dikegrave)sloould/be avoideds t ur e

d. Nutrients Just like plants grown in soil, hydropomiants typically need
many nutrientge.g.,nitrogen,phosphoruspotassiumto stay healthy
and productive. When plants are growing without soil, nutrients must be
appliedthroughthe water.

6. Controlled Environment Agricultur@CEA) is agriculture independent of
external climate and weather conditioliss an advanced and intensive form
of hydroponically basedgriculture where plants grow within a controlled
environment to optimize horticultural practiceSEA is a combination of
horticultural plant pathology, entomolaggl, plant physiologyand
engineering techniquesdl controlled to promoterop production, crop
quality, and production efficiency

7. Vertical farming is the practice of farming on a vertical plane. Typically, this
is done in vertically stacked layemadcan range anywhere from a single
layer to ten or more layers. Vertical farmiogn be usetbr optimizing
production in a CEA systeltmy usingsoilless growing techniques and
controling other environmental factors such as light, temperature, and
humidity.

a. In a horizontal plane growing systegrowingtrays lie flatand stacked
above one another, forming thertical system. This type of system often

9 Cornell University,Controlled Environment Agriculturdattps://cea.cals.cornell.ed(last visited Feb. 9,
2024).
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requires a lift or ladder toare for allrows in the stack. Using lifts or
ladderscan becumbersomeandexpensive andhayslow the operation
(Figure 650T-6).

Figure 650T-6. Horizontal Row Layout
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b. Vertical planggrowingsystens usecolumnswith small cubicles to grow
the plants inThis system does not nebdds, makingmore efficient use
of spaceAisle widthscanbemoreflexible. and wheelscan be attached
to thecolumns which allows them to be arranged imultiple layoutsn
limited space. Some verticatolumnarrangementsayhave rotating
bases whiclallows access to alevelswithout usingequipment such as
lifts.
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Figure 650T-7. Vertical Row Layout
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c. Vertical farming systems can be further classibgdhe type of
structurs that househe system
(1) Building-based vertical farms are often housed in abandoned
buildings anctan also be housed in nigveonstrutedgreenhouses

(2) Shippingcontainer vertical farms amonstructed and operated out of
40-foot shipping containers, normallsed for shippingoods around
the world.The $ipping containers anefurbished into sel€ontained
units, complete with LED lights, drirrigation systems, and
vertically stacked shelves for growing a variety of plants. These self
containedhighly mobileunits have computezontrolled growth
management systems tltain bemonitoredremotely from a smart
phone or computer.

d. There aremanyenvironmental and social benefits of vertical farming
such as:
(1) More Efficient LandUse Vertical farms can be establishiedcbig
box stores or other abandoned urban-esthteThe vertical nature
of these farmsequires less of #otprint

(2) Continuous Crop ProductioBecause of the controlled environment,
vertical farming can ensutke production ofcropsyearround in
varied climateaegions.

(3) Elimination of Herbicides and Pesticidd$e controlled growing
conditions can provide isolation from pathogens creating an
environment thainay reduce or eliminate the need pesticides or
herbicides. Theontrolledenvironment also provides more
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opportunityto usebiological means when déad) with certain
infestations.

(4) Protection from WeathdRelatedvariations in Crop Production
Because crops in a vertical farm are grown under a controlled
environment, they are safe from extreme weather occurrences such as
droughts hailstorms and floods.

(5) Water Conservation and Recyclirffudies have shown hydroponic
growing techniques used in vertical farreguireanywhere from 28
to 95 percentess water than greenhouses or traditional agricutture

(6) LessTransportatiorCosts Cropsmaybe usedocally, reducing the
shippingdistance ta few blocks from the production facility instead
of hundreds of miles from a conventional farm.

e. Disadvantages

(1) High Upfront Costs Urban land and buildings for vertical farms can
be quite expensivébandoned warehouses, derelict areas, or
Superfund sitemay offer less expensive opportunities but can
require costly environmealtcleanup to make the site usable.

(2) Energy UseThe energy consumption necessary for artificial lighting
and climate control used vertical farming represent a significant
operations cost and may offset any savings from shorter
transportation distances.

(3) Labor. Much of the labor in vertical farming tends torbanual
labor. The inherent inefficiency of hand labor and the lack of
applicable automation techniques may cause costs to add up more
quickly than in a more traditional growing style.

(4) Limited Number of Crop Specie€rops grown in vertical farms tend
to leantoward highvalue, rapidgrowing, smaklfootprint, and quick
turnover crops, such as lettuce, basil, and ddady greeritems.
Slowergrowing vegetables, as well as traditional field cropsnate
as profitable in the vertical farm setting.

(5) Pollination NeedsPollination isamajor concern for vertical farming.
Because insects are usually excluded, crops requiring insect
pollination may need to be pollinated by hand, increastalfjtime
and labor costs.

8. Aquaponisis asubset of hydroponic&ssentially aquaponics ithe
combination ofaquaculture anttydroponic. As defined by the USDA,
agquaculturatselfis the practice of producing aquatic organisms under
controlledagriculturalconditions Therefore in most aquaponic systems,

101 uuk Graamans, Esteban Baeza, Andy Van Den Dobbelsteen, llias Tsafaras & Cecilia Stanghellini,
Plant Factories versus Greenhouses: Comparison of Resource Use Effidiéddygricultural Systems
31 (2018).
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there is a&combined practice of controlled aquadicimal (likely fish)

production in a hydroponic crop production system. The waste from the
raised animals in the system is then usedragréentsandfertilizer, oran
aquaculture solution, for the plants being grown in the hydroponic section.
This is beneficial, as providing nutrient and fertilizer solutions to hydroponic
systems on their own can be a costly endeavor.

a. Animportant featuréo noteof an auaponicsystemis that it isa re
circulating systentFigure650T-8). In this recirculating systemutrients
and water are passed through filtespeatedlyHowever, excessive
nutrients pathogensand other various particulates may build up as waste
within the system. As such, this requitke systento go through
periodic flushingwhich can lead to waste disposal issWgghin a
recirculating system, this generaityeans that a percentage of the water
is removedand replaced with clean, fresh watér somecasesthis
routine flushing may occur ondaily schedule

Figure 650T-8. Aquaponic System Diagram

(4) Plants are staggered through
different growth stages to improve
utilizations of the nutrient rich water
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b. An aquaponic system mde simple or compleand can involve many
practices on how they are designed and built. The complexity of any
given aquaponic system depsrh the nature of the production facility,
crops being grown, siz& the systemaquaculture species antny
other factorsAquaponic systemtypicallywill include animal rearing
tanks, settling basins, filtration systems, hydroponic basins, and sumps
for re-circulaing filtered water.

c. Generally, vater is pumped up from the fish tank into the grow bed. The
water trickles down through the media, past the roots of the pleritse
draining back into the fish tanka the hydroponic plant sectionbgereis
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bacteria that liveon the surface of the grow bed mediae bacteria

participates in the conversion afnmonia waste from thegquatic animal

tankinto nitrates that can be used by the plants. The conversion of

ammonia into ni tthedlitragenCyi csl Fgdret(en t er me d
650T-9). The plants extract the water and nutrients they need to grow,

cleaningthe water for the fishs wel] and thusomplets the cycle of re
circulationalongsidethe filtration systems likely in place

Figure 650T-9. Aquaponic s Nitrogen Cycle

Filtered
H,O

Ammonia
NHg+

Nitrosomonas

Nitrates
NO3+
Nitrites
NO2+

Nitrospira

d. Grow beds filled with a mediaguch as gravel or expanded clay pehbles
are a common method of growing plants in an aquaponic system, but
there are many different methods that can be used. In fact, any method of
hydroponic growing can be adapted to aquapoRiosexample plants
maybe grown in floating foam rafts that sit on the water surface.
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e. Vegetablesvith small root systemsan also be grown using NEor
through various otthwasmed hotdyg!l esofhgg @t
This is done by removing a percentage ofafeaculturavater each day
and watering vegetables planted in different media such as coir peat,
vermiculite,andperlite. However, he aquaculture water is not returned
to the fullsystem ands removed forever.

f. Many different speciesf aquatic animalsan be grown in an agquaponic
systemywith type and species selection dependingnamyfactors. Such
factorscan include consideration ftretype of cropseing produced
space available for tanks, size of available tanks, ambient tempeyhture
the facility, locally availableaquatic animastock andlocal and state
government regulations.

g. Due to there-circulating nature of the systenpagjuaponic systenmmay
useless water than fieldropproduction.

h. There aralifferentmethods of running a media baduaponic system.
One such method involves theow bedbeingflooded and drained by
settinga timerto turnawaterpumpon and off atertaintimes. Using
this method would requira standpipe in the grow beéinother method
usesan autesiphon within the grow bedvhich would allow the pump to
run continuouslyA pumpmay also be constantly ruwith a
continuously flooded grow bed using a standpipe irbtke

i. There are severalwaysdot ar t ( itheeystenOriecvgydsl e 0 )
establishing benefial bacteria populations in the systémconvert the
ammonia waste from the fish into usable nitrates that the plants use to
grow. It is beneficial to the new systemtife bacteria culturesan be
seeded from an existing agiuam system. The beneficial bacteria
needed to seed the new system can be fouestablisheédquarium and
aquaculture pond filters and watérnew system wilktill establish
naturallywithout seeding bacteria populatigrmut itwill take a little
longer.It is recommended tmonitor the water quality in the system
during and after cycling.

j. Testing the water quality to follow the nitrogen cycle of the new system
is important, especially when using fishless methalish require
addingdifferent sources of ammoniA.standardest kitfor testingpH,
ammonia, nitriteand nitrate is beslt is recommended thakeriodic
water qualitytesting be done to ensuwptimum performance of the
system.

k. There are manthings to consider fahe design of an aquaponics
system. Some examples of considerations in the design process are
location and growing media.

(1) Location Place the fish tank out of direct sunlight, as sunlight may
lead to algae growth. If this isn't possible, consider adding floating
plants to the surface of the fish tanlptovideshelter from the
sunlight and hiding places for the aquatic animals in the system.

(2) Growing Media There are two main growing media that are typically
used in an aquaponic systermck media and expanded clay pellets.
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The advantage of rock media is that it is readily availddéally,
media that is sizenh theD50 range(between 8nm and 16mm) is

the most appropriate farsewithin an aquaponic system. If the media
is smaller than this D5fange, theravill not be much air space
between the media particles when placed in thelbdéite media is
much larger than the D50 range, the surface area is marieeliged
andmay makeplantingmore difficult For more information on
growing media seAppendix D iiTypes ofSubstrates Used for
Hydroponics and Aquaponicsof this subpart

(a) Local crushed rock or gravel media can have a high pH legel.
a test kit to tegpH before adding to a system.

(b) Plan for a sound structural support for the rock media when
building grow beds and their stands and supports.

(c) A hybrid solutionis to fill the bottomhalf of the grow bed with
gravelor rock andthe top half with expanded clayhis approach
will reduce the cost and weight significantly.

9. When planting in an aquaponic or hydroponic systeash the seedlings to
remove soil or potting mix from the roots before planting to minimize
unnecessary contaminants to the sysieme. systenshouldhaveawide
variety of plant maturity level$zor more information on suitable crops for
aguaponicssee section 6903, fiCrops of this subpart

10.The type ofcrops anglantsused and produced withaguaponics systems
depend®nthe size of the systems.

a. For a smaller system, it is best to grow plants that require a lower
nutrient concentration sindevingfewer fishwill produce lessertilizer.
Generally, leafy greens and herbs e best candidates for small
aguaponic systems. Some common plants for small aquaponic systems
are leafy lettuce, watercress, basil, kale, spin&ehsschard, arugula,
chives, Pak choi, wheatgrass, and radish sprouts (F6§OE10).

b. A larger scale aquaponics operate@angrow plantswith higher nutrient
requirementsincehavingmore fishwill producemore fertilizer Nitrate
and electrical conductivity levels in the waséiould be monitored
continuously to ensure the bioavailability of nutrients is optihaime
commonplants forlarge aquaponic systexare tomato, pepper,
cucumber, cauliflower, beans, squash, peas, broccoli, and cabbage.

c. Some plants should be avoided duér low pH, high pH demangdor
rooting requirementsSuch plantsnclude blueberries, mint, and
chrysanthemum.
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Figure 650T-10. Leafy Lettuce Aquaponic Production System

11.0ne of the most important factors in an aquaponic systéme iaquatic
animal beingused Most systerawill have cultured tanks of fishzigure
650T-11 lists some of the more common species usadquaponics. More
information is found i ndirdgp pgeapahicsk B, 0 Co
Syst em, 0 o Chobshng tke righutype @quatic. animais a
varied process and has many factors to conssdeh as:

a. Different aguaponics systems can have varied environmental conditions,
affecting which animals may thrive in the system.

b. Thenumberof aquatic animalghat carbe safely kgt in the system
depends owariousfactorssuch ageed rates, water flows, oxygen levels,
number of plants, pumping rates, fish speaesw tank capacityand
water temperature

c. When choosing animals to produce in an aquaponic system, it is
recommendetb start with dightly stocked systemWith a smaller,
more manageable stock, conditions can be monitored more easily, and
preventative measures can be taken if any conditiorsuaaptimal

d. Aquaculture pelletare a recommended feed type for most aquatic
animal productions, especially that of fistowever, theellet carbe
supplemergdwith alternate feeds like worms, maggots, black soldier fly
larvae and many more/egetable additives may lisedoccasionally
but should not bgrownas they can asphyxiate the fish.
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Figure 650T-11 Common Fish Used in Aquaponic Systems
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12. A backup system to keep the water circulating and oxygenated in the system
is essentialA well-stocked system filled with aquatic animals and plants will
not last long if the water circulation system fails. It is recommended to have
an automatic battergperated aerator or to have a generator availaluase
of a system failure.
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13. Aquaponic systems require frequent monitoring. In some caseay be
recommended to check the chemical levels in the water, the behavior of the
fish, and the appearanoéthe plantsevery day.

a. lItis important to eviewall water quality indicatorbefore adjustingr
adding anything to the wateasadverse effects can result frcam
combination of indicatorg-or example,fia system has a low piH,can
be raisey addinglime or other alkaline buffering agentéowever,
high ammonia levels are toxic to fish whieoththe pHand the
temperature is highraisingt h e s y switlkeoot dirst chedding the
temperature as welbutsthe fish at risk of toxic ammonia levels.
general, be cautiowshen adding chemicals or agents based solely on
water testingExtreme changes to a system can cause stress agtatic
animal and should be avoided unless necessary.

b. The ®nversionprocess from ammonia tatratecan be dangerouer
fish and other aquatic animaM/ater quality should be monitored for
watertemperatures, dissolved oxygen, ammonia,ratiie.

14.There are a few different methods of dealing with any pests and diseases in
the systemPetrochemicabased spraysaybe very toxic to aquatic
animals, fish, and the beneficial bacteria in the system. It is important to
check with extension agents and manufacturers to find products that will
work in specific aquaponics systems.

F. Animal Husbandry

1. With interest in food security and local food systems on the rise, more and
more communities are amending their animal control and zoning codes to
allow theownershipof urbanlivestock Common types of urban livestock

includes:
1 Bee 1 Sheep
{ Cattle (beef and dairy) {1 Rabbit
1 Goat 1 Swine
1 Poultry 1 Waterfowl
M Fish

2. The benefits of urban livestoakcludethe production of fresh, local food
products such as eggs, honey, and milk; the important pollination roles
played by bees; and the companionship and educational aspeatsiiod
such animals as pefsigure 650T-12). However, potentiatoncernsnclude
noise, odorattracton of rodents and other pediseaseand other safety
concerns, so appropriate regulations are important to protect communities
from nuisance or public health complaints.
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Figure 650T-12 Urban Egg Production

Image Credit: Retired NRCSAgricultural Engineer Jerry Walker

3. Most communities regulaterbanlivestock through animal codeghich are
separate frontand development regulations, though more jurisdictions are
adding urban livestock provisions to their zoning codes. Some have adopted
a comprehensive set of regulations addressing all types of farm animals,
while others have focused only on one type.

4. Typicalregulationgnclude limits on the number ahimalsper lot,
minimum lot sizessetbacks from property lines and neighboring structures,
coop or enclosure design and construction standards, and waste disposal and
feed storage requirements. In some communities, an annual license or permit
may berequired for keeping urban livestock.

a. Local beekeeping standards typically establish limits on the number and
location of hives based on the size of the lot or the zoning district where
the bees are being kgFigure 650T-13). Many codes specify minimum
distances between hives and adjacent buildings or property lines, require
flyway barriers to prevent bees from flying to adjacent properties, and
require onsite water sources to keep bees from flocking to neighboring
swimming mols or bird baths. Typically, beekeepers must obtain a local
permitin addition toa state licensend local governments reserve the
right to inspect hives.
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Figure 650T-13 Beehive in an Urban Setting

b. Urban areasypically do not have large disposal areastigproducts
such asaanimal manure, bedding, and waste feed. Byproducts can be
disposed of by using theim composting operations as a green organic
additiveandtaken to larger operations in pewiban or rural areas to be
usedas fertilizer.While byproducts can be disposed of in municipal trash
systems, the lifecycle costs are the most expemsidalternative
methods of disposalre recommenderotectingnearby waterbodies
from byproducts is aoncern in planning, design, and operation.

650T.2 Site Bvaluation

A. Purpose and Scope

Beforeselecting a site fasn urban gardeor farm a site assessntameeds to be
completedThis isneeded to determingthe site is safe from environmext
concerns, to prepare for major expenses, and to avoid unexpected sulyrises.
Environmental Site Assessment (ESA) PhateSTM E152721

Environmental site assessment proc@$mse |, 2021and any soil sampling

and testing should be conductédch ESAPhase 1 involves interviews with past
and present building occupants and owners of neighboring properties to validate
past uses. AESAPhase 1 does not involve any testing of things like paint, soll,
or moisture, thogh a visual inspection may indicate the presence of hazardous
materials Sulsequent ESA Phasg(STM E190319 Environmental site
assessment proces®hase I, 2019nay be requiredlhe city, countyor state
may require more environmental testing and permitie®A Phase 1 and 2
inspections must be contracted out to the appropriate vendors. To determine
whether these site evaluations are needaasultwith appropriate NRCStaff.

B. ZoningandPermits

1. Zoning is typically described asway thatocal and federajovernments
regulatethe physical development of land withargivenarea. Zoning is
typically brokeninto two parts:districts and land use regulations.
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a. Districtsandland classificatiosare divided into four majarategories,
eachwith additional subcategories
(1) Agricultural
(2) Residential
(3) Commercial
(4) Industrial

b. Land use regulations are designed to regulateddivelopmet Other
regulations including Board d¢tealthregulations Occupational Safety
& Health Administration (OSHA$tandards, or local associationgh
land use rulessuch ash o me own e r 0 soraeglsborltoodat i o n
associatios, might apply to the use of possible locations

2. The followingarefactors in determining property suitability

a. What is the siteds zoning district an

b. Is farming allowed on the site?

c. Are there city or zoning prohibitions fapplicablestructures on the

property(greenhouse, toolshed, fences, or washing station)?

What sort of signage is allowed on the site?

Are livestock allowed on the site?

Is the operator allowed to sell producetbesite?

Is there a setback requirement?

Are there accessibility issues, like handicap access or paRkohgehicle

restriction®

What is the waailability of waterandpower?

Are theregradingor drainage issué's

k. Are there requirements for state and pigymitsfor biological and
culture restriction®

Sa oo

— —

C. EnvironmentalConcerns

1. When conducting aisual site assessmebe carefulof possible
environmental contaminatiand followthe NRCS Environmental
Evaluation protocoand the 2016 USDA Urban Agriculture Took Kiihe
assessment should determihan ESA Phase | is needed

2. Based on Phase 1 findings, BBA Phase Il may be requirethe ESA
Phase Il must be conductby a professionab determindf more
environmental testing necessarto comply with city, county state, or
federal requirement®henevaluatingenvironmental concerns for a site,
note structures on the sites and drainage issues such as pooling or runoff and
damage to adjacent properties.

D. Urban Sdis

1. Urban soils have most likely been converted from an agriculture use-to non
agriculture uses as suburban spesvicroached into previously rural areas.
More often, cropland, grazing land, or wildlife habitat was the primary
management usecords €.g.,historic digital photos, maps, local
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publications) may exist that can help determine the primary management use
over time.NRCSsoil scientists can assist in identifying soil properties.

a. USDA soil classification may be necessary.
b. Various soil amendments may be necessary hgsadthe soil texture
and crop to be growon site

2. Today, most urban soilsreformed fromdifferent (i.e., humasmlteredand
humantransporte)lparent materials than natural soils and need different
considerations for use and management. This is dftertoconstruction and
demolition activity at the site or surrounding sitEse mixing and addition
of offsite soils is relatively common in developed aré&asmples of how
urban soils are altered are:

a. The areas may be graded to level high spots and fill low areas.

b. Soils are excavated and stirred, often replaced in the profile in a different
order.

c. Fill is often brought in from offsite and frequently has characteristics
different from the native soils.

d. Placement of the soil may result in compaction layers aneaibn
materials becoming part of the soil profile.

3. Over time urban lands can have great variation in the characteristics of the
soils.Although urban soils are spatially variable amdsome areagolluted,
they have potential for urban agriculture if they are assessed, managed, and
used correctly

4. Compaction is an important soil health indicator (Figure 65T Urban
soils may have been epactedrom previousagriculture useThis is
appropriatéor many structural construction purposes, but it@aatean
unsuitablegrowing mediumSoil compaction is the process by whgiil is
compressed and pore space is reduéete space is where watard air
move into the soil and where roots can grow through Reiinediatiorof
compacted soshould be referred to NRCS Ecological Science Division.
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Figure 650T-14. Flattened Roots Can Be an Indicator of Compaction

5. Soil Testing

a. Duringanysite assessment phasessting for contaminants should be
consideredo protect thgoroducergardenerand the public from health
risks. Testing should be conductby trained environmental
professiona using propepersonalprotectionequipment(OSHA,
29CFR §1910.120, Subpart H, Appendix B)an ESAPhasellis
conductedan environmental professional would develop a conceptual
model of contamination at the site, plan and execute sampling and
analysis, and develop conclusions based on the data.

b. Diggingshouldonly bedoneon a site afteany assessmerdse
completedUtility , right of way, previous dangerous industrial uses
chemical plantsocated upstrearwould be major concerrendare
potential reasons for soil testing

c. The next phase of a field visit is to do @ngineeringite evaluation.
Reference NRCS conservation planning protocol for the site evaluation.
At a minimum, the investigatioshould includea soil sample done with a
spade slice (Figuré50T-15). A soil probe may be usedstead of a
spaddo examine soil structure. The investigator should look for such
things as soil quality, compaction, and organics.
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d. During the sitevisit, obtain soil samples for testing. Standard testing
often focuses on soil fertility or soil health, testing such things as soll
nutrients and pH. These types of tests do not evaluate specific
contaminants that may be present in urban dddsnot obtain samples
for testing soil without propefazardous Waste Operations and
Emergency Response AZWOPER ) training andpersonal protection
equipmentSiteremediation should be referredtte approprate NRCS
authoriy.

Flgure 650T-15 Soil Sampllng Technlques
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6. In urban spaces, it importantto test extensivelyor relevant contaminants
fertility, and soil health. Soil contamination can be problematic on several
levels. Contamination can be caused by any number of tisags,as
sanctioned industrial or commercial practices, unregulated land uses,
vacancy or abandonment, structure fires, and illegal dumping. Risks include
plants absorbing contaminants from the soil, groundwater becoming polluted
from percolating through the soiéind livestockandhumans ingestg
chemicals from vegetation growing in contaminated (s@il,
bioaccumulationf! Consult witha soil healthexpert for detailed testing.

Some of the more common contaminants are showigure 650T-16.

7. A Portable XRay Fluorescence (PXRF) analydisvicecanhelpdetermine
the concentration of lead and other trace metals orniséwspatial
variability, andthe presence of any hot spqEgure650T-17). It should be
clarified that PXRF instrumegsbnly test for inorganics and metals and does
not test for organic contaminants. The PXRF instrument can be used after
environmental due diligence has been conduatetiindicates there an®
organic contaminants of concern on sitéaracterizing a site for metals
contamination can guide decision makamgwhether there is a need for
raised beds or alternative land ua.important note is that a PXRF does
not measurehe contamination level for potential consumptibn.
contaminants are detected, levels stidid evaluated based on state
thresholds for safe use under residential bare soil standards.

8. Environmental consultants may have to conduct a site investigation if
contaminantssuch as éavy metalgespecially lead)are found or suspected.
This would be done durintpe site assessment phase for environmental due
diligence.For example, ithe site was a dry cleaner, gas station, or another
industrial use, it might require remediatidm such situations, ihay be
worth considering another site.

9. TheEnvironmental Protection Agen¢izPA) has labeled thexpansion,
redevelopmentor reuse of real property that may be complicated by the
presence or potential presence of a hazardous subgtatiagnt,or
contaminat aBrownfield Site. Follow theestablished cleanup guidelines,
methodologies, and reporting requiremdntsBrownfield properties

10. CurrentBrownfield and contaminated land riblased cleanup approaches
establish cleanup levels based on proposed reuses. For residential,
commercial, or industriddrownfield redevelopmengachstatehasset rules
and standards fanvestigations andleanup activities'?

11 Carl Rosen, Lead in the Home Garden and Urban Soil Environment (2002).
2y.s. Envdt Prot. Agency, Reusing Potentially Contam
Soils (2011).
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Figure 650T-16. Common Sources of Contamination

General Source

Examples of Previous Site Users

Specific Contaminants

Paint (before 1978)

Old residential buildings; mining;
leather tanning; landfill operations;
aircraft component manufacturing

Lead

High Traffic Areas

Next to heavily trafficked roadways or
highways, and near roadways built
before leaded fuel was phased out

Lead, zing polycyclic
aromatic hydrocarbons
(PAH)

Treated Lumber

Lumber treatment f acilities

Arsenic, chromium, copper

Burning Waste Landfill operations PAHSs, dioxins
Contaminated Copper zinc salts added to animal .
Copper, zinc
Manure feed
Coal Ash Coalfired power plants; landfills Molybdenum, sulfur
Cadmium, copper, zinc,
SewageSudge Sewage treatment plants; agriculture lead, persistent

bioaccumulate toxins (PBT)

Petroleum Spills

Gas stations; residentia) commercial,
or industrial uses (anywhere an
aboveground or underground storage
tank is or has been located)

PAHSs, benzene, toluene,
xylene, ethylbenzene

Pesicides

Widespread pesticide use, suchas in
orchards; pesticide formulation,
packaging, and shipping

Lead, arenic, mercury,
chlordane, and other
chlorinated pesticides

Commercial or
Industrial Use

PAHSs Petroleum products,
solvents, lead, other heavy
metals (such as arsenic,
cadmium, chromium,
mercury, and zinc)

Dry Cleaners

Stoddard solvent and
tetrachloroethene

Metal Fnishing

Metals and cyanides

Operations

EPAOds Table 1 from Reusing Potentially Cont ami
Soils
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11.The cost ofoil testing depends amvariety of factors, including but not
limited to:

a.
b.

C.

d.

The number of samples testddiore samples will be more expensive
Whether the samples are analyzed for one contaminant or. inesty

for multiple contaminants will be more expensive

What contaminants are being tested. finalyses for some contaminants
are more complex and cost more than others

The lab being usedosts vary from lab to lab due to different analytical
methods and pricing structuré&3nly certified and accredited labs should

be usedCollect the sampleaccordingtd he | abds requiremeni

12.1f the site isinterdedfor producing food or feed by planting directhto the
soil andtestresults indicate that the existing soil is not safe for gardening
activities, remediation may be necess&gnsult state environmental
agencies to determine which remediation technique would be most effective
for the site.

a.

Many nonremedial options exist for sites with low levels of
contamination or sites with contamination exposure risks which can be
controlled by planting above ground. Such methody include

installing raised bed$-(gure 650T-18) or other containers, green walls
or rooftop growing

More informationon remediation and cleaup of sitescan be found in
theE P A i@Bsownfields and Urban Agriculturénterim Guidelines for
Safe Gardening PracticesS andin N R C SUban Technical Note

No. 4, Urban Soils irAgriculture

BUuU.S. Envdt Prot. Agency, Brownfields and Urban
Practices (2011).

210H 650Subpart T (amendeflugust2024) 32

Agr i



Figure 650T-18 Artificial Raised Bed in Dallas, Texas (Soil on Concrete Slab)

E. Other Considerations
1.

Slope Are there steeplopes €.9., slopes that asteeper than 1percen}

that might cause difficulties with farming activities or access to the site
(workers, equipment, or publicBteep sites can be mitigated with terraces or
retaining walls. However, these solutiaracarry asignificantcost.

Drainage Is there good drainage on the prop@roes water pondnd not
drain well affecting access and workability? Is there runoff onto or off the
property? Drainage can be mitigated with ditchdssersionsand
underground outlets. If drainage has beéng-termproblem, soil
properties may have been affected. These solut@mgarry a significant
cost.

Water SourceDoes the property have access to water (for irrigation,

washing and processing)? Are there restrictions on the amount or use? Are
there any connection fees and hookup requirements? If no access is available
on the propertyhow close is the nearest access pointvainat is thecost to

obtain water®Vill the water have to be treated for excgeride and

chlorine?
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4. Sunlight and Shadd@he amount of light can affect the type and quality of
crops grown. Too much sun exposure can also affect public and worker
comfort.

5. Utilities. Is there access to powedtlectricity may be needed for security,
lighting, cooling, or other processing needs. Other utilities may include gas,
cable, phones, or water. Are the utilities overhead or underground? Will the
utilities interfere with intended use and plan modificat®n

6. Storagels there storage available? Storage may be needed for tools and
storing produce. Can it be built placed on the property? Is it secure?

7. Eencing s fencing allowed? Is it needed to restrict public and wildlife
access?

8. Bathrooms anéParking If the public will have access to the propettye
site may needestroomsandparking. Are there facilities on the property?
Are therelocations where parking or restrooms can be installed?

650T.3 Crops

A. Crop Typedor Urban Systems

1. Althoughalmost all crops can be grown in an urban setting, some are more
suitabledueto space, labor, and profitability. Commodity crops such as
cotton, sorghum, soybean, and peanuts are not usually grown in urban
agricultural locations due to limited spatibancrop productiorinstead
typically focusen vegetables, fruits, and small grains for human
consumption.

2. Some crops are more suited for cultivating indoors than outdoors. Fruit
bearing trees in urban areas are often of the dwarf varietshamdidbe
pruned tamaintaina desired harvest height and plhaalth Obtaining bare
root stock and the correct varietal is key to reducing pest pressures and
improving plant productionlt is recommended t@&arn the pollination needs
and the production timeline thahy givencrop will require.

B. Other Considerations

1. Healthy growth and yields of garden crops depend on a balance of light,
water,nutrients air, andtemperatureAll crops, whether indoor or outdopr
will require at leastffour things:

a. Light. Light is necessary foplant growth (photosynthesid)his energy
production system produssugars in th@lant, which facilitate the
growth of the plant itseliSome plants requin@orelight exposure than
others. Know the light and shade requirements of the selected. plants

b. Water How often water is needed will vary based on the amount of light,
theplant sizeandthegrowing medium. Too much water can damage or
even kill mature plants. Too little water can slow down plant growth and
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kill plants. Using water efficiently and effectively should be a goal
urban gardens.

c. Nutrients There areat leastl6 essential elements that plants get from
their root systemrhese includ@rimary nutrients such asrbon
hydrogen oxygen nitrogen phosphorusandpotassiumas well as
secondary nutrients such @scium, magnesiumsulfur, boron, iron,
copper, chlorine, manganese, molybdenum, and Biaat growth is
compromised if even one element is insufficié&trients can be
applied either through the soil or water.

d. Appropriate temperatur&enerally, the ideal temperatures for vegetable
plant growth are between 40°F and 85°F. For warm season arojgt
temperature above 55°F is also needed. Temperatures can be affected
outdoors with row covers for warmth or shade.

C. IndoorPlant Production

1. Certain varietie®f plantsgrow best in indoor gardens, especiallying
colder temperature#.is possible tananipulatehe temperaturand climate
conditions as needeadhen growing plant;idoors However, by choosing
plants that are more suited to the indoor growing environrfesst heahg
or coolingmanipulationsare needed-igure650T-19 lists some of the more
common seHpollinating crops grown in controlled environment agriculture
Figure650T-20 shows an example of greens grown in a veaticontainer
farm.

Figure 650T-19. Typical Crops for Indoor Production

Leafy Vegetables Common Vegetables Herbs
Swiss chard Broccoli Basil
Lettuce Cabbage Dill
Radicchio Leeks Oregano
Collared greens Brussels sprouts Catnip
Mustard greens Cauliflower Garlic chives
Spinach Mushrooms Rosemary
Kale Chamomile
Pak choi Lavender
Microgreens Sage
Chives
Lemon balm
Stevia
Cilantro
Mint
Thyme
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Figure 650T-20. Greens Grown in an Indoor Vertical Container Farm

2. Pollination is a major consideration of indoor gardening, as there are no
insects inside to do the job. Some crops and varieties of plants are self
pollinating and others can be pollinatednually Plants that have male and
female flowers such as melons, cucumbers, and s@uashanually
pollinatedby collecting pollen fronthe male floweusing a brush or a
cotton swaland then dustg the pollen onto the pistils of the female
flowers. This is labeintensive andnustbe done every # 3 days until frui
starts developing.

3. Only a minimum amount dight is nee@dfor seeds to sprout, bah
adequate light source is necessamgeseedlingor plants breakthroughthe
soil. Thefirst true leaves will need @ependabléight source to perform
photosynthesis and create the carbohydraesledo sustain both normal
plant growth and, most importantly, root growth. The early vegetative
growth of a plant can be negatively affected without proper lighting. Lack of
lighting can cause lontasting problems and affect yield.
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a. For plants to grow successfullyhey needappropriateperiods of light
Consider the plant selection and light requirement for each variety.

b. If relying on windows for some of the lighting needs, the growing
containershouldbe rotatedotherwisethe plants will lean towards the
light.

c. There are fewer daylight hours in the winter, thus a supplemental lighting
source may be needed. A wideay of grow lights are available to
provide fullspectrum lighting needs.

4. Plants transpire water from their leaves. In indoor gardening systems, plants
do not have access to natural systems of evaporation like the sun and wind.
They require fans and vents to help circulate the air, which allows the plants
to better transpire arabsorb nutrients. This air circulation can also help
with the structural integrity of plants, improving plant root and stem length.

a. Controlling humidity levels is essential for indoor production. As water
and oxygen leave the plant, water and elemental nutrients are pulled up
through the roots. Transpiration is reduced in a humid environment. With
no transpiration, the roots will naike up water. With the water having
nowhere to go, the growing medium will remain maoigtjch will
greatly affect the root growtipossibly causing the plant to suffocate and
die.

b. Itis important to provide adequate air flow through the plant's canopy to
remove oxygen from the leaf area and encourage the flow of carbon
dioxide to the leaves. Plants of all stages of growth benefit from the air
flow. Horizontal air fans can providedfair flow needed to help control
humidity and reduce excess heat created by supplemental lighting.

c. Plants take in carbon dioxide (@Gand give off oxygen as part of
photosynthesis. Outdoor air naturally supplies them with f{6Cxheir
nutrient cycle. If the growing space is sealed off @Wels naturally
decrease. Over time, this |imits the
leading to disease and death. Ventilation brings in fresh air and@O
removes old air that could have an imbalance of &@ oxygen.

650T.4 Protected Agricultura | Systems

A. Overview

1. While they may look like traditional greenhouses, ragldlow tunnels ara
differenttype of agricultural technologysreenhousearegenerally
constructed of glasplastic or metalandmay beheated and cooled with
furnacesor fans.In contrasta high tunneis an enclosed polyethylene,
polycarbonate, plastic, or fabric covered structure that typically does not
have supplemental heating or cooling. High tunimedteaduse solar energy
and natural air movement to passively heat and cool the structure.

2. In a high tunnel, plants are grown in raised beds or grown directly in the
ground (Figure650T-21). High tunnelscan bemore economical to build and
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maintain than traditional greenhouses touist befrequenty monitoredand
manage to optimize growing condition®speciallyfor vegetable crops.
Additionally, il contamination from preexisting site conditions can be a
concern.

Figure 650T-21 Strawberries Growing in a High Tunnel
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B. Useof High and Low Tunnels

High andlow tunnelscan protect plants from severe weather and allow farmers
to extend their growing seasqsowing earlier in the spring, later into the fall,
and sometimes yeaound. High tunnel hoop houses allow more control over the
crop6s q wadlow tunpels prievery direct rainfall from reaching plants
and can allovihe use of precise tools like drip irrigation to efficiently deliver
water and nutrients. Higiindlow tunnels also offer a greater ability to control
pests and can even protect plantsn pollen and pesticide drift.

C. Sizeof Highand Low Tunnels

A high tunnel structureancover several cropws ands wide enough to allow
crop growth to full maturitylt is alsotall enough to allowor spraying,
cultivation, and harvestg. A low tunnel typically only covers one to two rows.

D. Low Tunnels

1. Low tunnels are inexpensive, easy to consfrauntl can fit into any size
garden. Low tunnels can be used in the winter and early spring to protect
crops from cold injury and wind.hey canalsobe usedvith shade cloths
during the summer to protect crops from insects and high temperatures.
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2. Low tunnels can be constructed over already established crops and raised
beds or before planting (Figué®0T-22). Most low tunnels are 3 to 4 feet
wide. This works well as it fitabovemost raised bed3here are also
6-foot-wide low tunnes for vining crops.

Figure 650T-22. Low Tunnel Strawberry Research at Cornell University

3. The hoops can be made franetal conduit, PVC, or even flexible wodtbr
PVC conduituseSchedule 40 (minimum¥zinch diameter pipeshat are
8 feet long.To make a low tunnel:

a. Anchor the ends by placing-iich steel rebar, 18 inches lqrag least
6 inches in the groundf using raised beds or containers, fasten the
hoops to the bed using pipe straps or other appropriate fasteners.

b. Place rebar 3 to 4 feet apartparallelrowson either side of the bed.
Continue to place rebar and PVC every 4 to 5 feet apart in a row.

c. Place one end of the PVC pipe over the rebar, bend the pipe and place the
other end of pipe over rebar directly across, creating a hoop (Figure
650T-23). Continue to place PVC hoops down the rest of the bed.

Caution: For raised beds sahe wood start to age and break down, the
fasteners may become loose. The lifespan for PVC hoops will be shorter than
for metalhoops.
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Figure 650T-23. Low Tunnel with PVC Hoops Attached to Raised Beds

.

Metal hoopscan either be purchased premade from many garden stores or
constructed frona 10-foot piece of metal electrical conduit or rebar. Metal
hoops are bent into a half circle using a hoop bendemgarehey are
identical. Depending othehoop bender, different widths can be created to
cover the row or rows. Anchor each end of hoop by placing the ends 6 to
12inches into the ground. Each hosiould bespaced 5 feet apart in a row.

A top rail of pipe connecting th@ops, obows can be added to strengthen
the hoops against wind and other forces. Fix the top rail to the hoops using
twine or zip ties, not pipe fittings. Special clamps made to hold the top rall
may also be purchased from garden stores.

Seesection650T.4(G) of thissubparfor more information about exterior
coveringsusedfor low tunnds.

E. High Tunnels

1.

For successfutightunnel crop production, the following fact@isouldbe
consideredor designbefore building.

a. Tunnel hoop houses are relatively inexpensive to construct compared to
greenhouses aratevery low maintenance once constructed. They are
easy to erect anthn bescalal to small or large land units to meet the
needs of landowner.

b. Identify the best site for tunnel location. Light penetration is a major
concern in structure location and design. The right type of covering (light
or shade) will be required to provide the plantsrtbeessary
environment to grow.
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c. What is the initial site and soil preparation requirement? Is the site level?
What is the existing condition of the soil (compaction, fertility, etc.)?

d. Choose a structural design to meet specific needs. Local wind and snow
conditions affect the load and stress requirements of the structure. The
method of construction alshouldbe considered.

e. Consider the height of the hoop house in the design. The height can be
adjusted by lengthening the rib pipes so that equipment and personnel
can work inside comfortably.

f. If the hoop house remains covered during winter precipitation periods,
salt buildup may become an issue and provisions will be needed to treat
and monitor salt accumulations in the soil or growing medium.

2. The orientation of the high tunnel can have a major effect on the amount of
light, ventilation, and crop yield. There are several ways to orient the hoop
house and the planting beds depending on local climatic factors and
production goals.

a. EastWest Orienting the hoop house so the long side runswast will
provide the maximum passive warming in the winter mornilosveve,
this may present cooling problem in summaonths

b. North-South Placing the hoop house in a negibuth direction favors
sun penetratioduring the summer months as the sun tracks from east to
west, going directly overhead for maximum light penetration.

c. Summer WindsPlacing the hoop house parallel the local prevailing
summer winds will help ventilate the hot air buildup within the hoop
house on hot days.

d. Spring WindsIn spring, a@ors on the windward side of the hoop house
should be kept closed and ws#cured during windy weather to help
retain heat. If winds are a problem, planting a wind break on the wind
side of the hoop house may help alleviate the problem.

3. Differential growth of the crop near doors and in different locations within
the hoop house is normal and generally a response to slight differences in the
microclimate within the hoop house.

4. Consider the following when selecting a site for tnenel

a. A site that is moderately level with good drainage and good soil is
preferred. Some modification of the site can be done by hauling in fill
material to level the site and construct a pad.

b. A site in an open area free from trees, adjacent buildings, and other
obstacles that affect sun penetration or create shadows is preferred.

c. A site that camprotectthe hoop housagainst high winds and heavy
snowswill extend its life. Take local wind and snow loads into
consideration fohoop houselesign.

d. Hoop houses limit rainfalso a water source and possibly electricitya or
power sourcavill be needed

e. Security of the hoop house and protection against vandaieyralso
needto be evaluated.
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5. High Tunnel Design

a. Various sizes and shapes of high tunnels are available, but all use similar
parts, materials, and construction methods. It is critical to know what
parts are used in the structure, how to decide on the size and shape of the
unit, and what will be neededrfepecific production methods.

b. A high tunnel consists of hoops placed parallel to support an exterior
covering. The hoops are held in position with continuous lengths of
supporting structural members (purlins and girts) and the ends may be
enclosed with end walls with associated dooref open. The most
common covering is a greenhotg@de polyethylene plastic that can
either remain on the structure ye&aund be removed during summer to
reduce heabr be removedn the winter to allow precipitation to leach
anysalt buildup. Theaised hoogstyle high tunnel in Figuré50T-24
identifies key parts labeled with commonly used terminology.

Figure 650T-24. Key Hoop House Parts

End wall

Rib bracing

Hoop (arch) polyethylene cover

c. The Hoop A support system of hoops or bows maip the main
structural component of high tunnels. These provide support for the outer
covering and maintain structural integrity against environmental forces.
The hoop spacingffectsthe structural strength of theghitunnel. The
most common spacings are 4, 5, or 6 &¥irt Narrower hoop spacing
allows smaller diameter tubing to be usedoviding better support for
the polyethylene covering and faciliteg shedding of rain and snow.
However, mrrower hoop spatgs will increase initial structure cost and
the potential for structural shading. Wider hoop spacing requires larger
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diameter metal tubes to provide structural strength against wind, rain, and
snow loads.

d. End Walls The people and equipment requirements will determine the
size and type of end walls. There is a wide variety of end wall framing
packages available, from simple pésough doors to framing with
larger openings for rototillers and tractors. If the higtmeel will be used
duringcold weathera small door is better for retaining warmth. End
walls can be custom framed using lumber or metal piping if the
polyethylene can be securely fastened to prevent air leakage or being
blown in by high windsEnd walls with plyethylene zip tie entry are an
available option from some high tunnel suppliers, but are not
recommended in areas of high wir{dsg.,the High Plainsdue to the
risk of premature failure of the tunnel.

e. Purlins and GirtsPurlins run horizontally from end to end of the high
tunnel, maintaining hoop spacing and increasing structural strength.
Typical structures have three to five purlins, spaced at 4 to 8 feet apart.
Girts are typically stronger than purlins and are gelyenahdeof square
tube or roll form metals. Girts provide greater structural support for
polyethylene retaining systems (pabcks), rolkup wall components, or
other equipment. They aspacedike purlins to maintain hoop spacing.

If the supplier provides only one ridge purlin for a particular type of high
tunnel, additional purlins or wall girts are recommended to prevent
structural failure. When using more than one purlin, make sure that rai
and snow will not get trapped between the purlins. Water is heavy an
can cause structural failure.

f.  Wind Bracing The number of angular wind braces and how they are
positioned within the structure will determine overall structural integrity.
At a minimum, braces should be positioned between the end hoops and
the baseboard at each corner. Additional angular bracmbe@stalled
from the ridge and roof purlins and connected to the end wall framing to
increase structural strength. This is especially important in high wind
locations.

6. High Tunnel Profiles

a. A variety of high tunnel profiles are available from suppliers (Figure
650T-25). The high tunnel profile should Iselectedased on its
intended use, the desired durability, and budget.
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Figure 650T-25. High Tunnel Profile Styles

Hoop Raised hoop Peaked hoop

(1) Hoop(or Hal-Round Style Thehoop is the most common high
tunnel profile and the least expensiizgen individuals with limited
construction experienaan easily build itlt has the smoothest, most
gradual bend that limits the number of stress points on the plastic
covering. The hoops bend from the ground on one side of the
structure to the ground on the other side to form a continuous arch.
There may be limited accessstanding room along the sidewalls
depending on the height of the hoop.

(2) Raised HoopThe raised hoop design is built by adding a sidewall to
a regulaihoopstylehigh tunnel The side walls are created by
extending the vertical ground posts to the desired height (typically
36to 60 inches). By adding side waligeater accessibility is
provided along the wall and a more usable growing space is created.
Raised hoop structures are taller than typical hoop profiles which
might be problematic in high wind areas. The raised hoop design is
preferred when using rellp sidewalls because it preventwaater
from draining directly from the roof into the growing beds, which can
negatively affect plant or flower quality.

(3) Peaked Hooprhese structures are characterized by a distinct ridge or
bend at the top of the hoop or bow. The ridge provides additional
strength against crosswinds but will require additional bracing to
withstand the wind. The steeper roof slope assists with sheddimg
and snow more quicklyenabling it to handlemoresnow loads.

Peaked hoop structures use a watl gr eave board to divide the
distinct roof and sidewall surfaces. This allows-tgdl or dropdown
sidewallsto be easily integratefdr natural ventilation. The taller
height of peakedtyle tunned creates a more stable temperature
regime during warmer months.

7. High Tunnel Size

a. High tunnels are sized by suppliers to make efficient use of industry
standareksized polyethylene coverings and lengths of metal tubing. The
structures are offered in various widths, lengths, and heights to meet
grower needs.
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b. High tunnels can be as long as 144 feet or as short as 10 &leinger
structure is needed, polyethylene splices are installed to connect multiple
lengths of polyethylene. Commercial production tunnels are typically
between 2@&nd30 feet wide, but tunnel structures can be as small as
8 feet wide by 10 feet longvhichis more appropriate for growing home
garden cropsThe larger the polyethylene sheet, there difficult it is to
installand the greater the weight of the covering on the structure.

c. Determining high tunnel width is based on interior layout and placement
of growing beds, walkways, support trellises, and the type of equipment
that will be used inside the structure. There is no physical limitation on
the area to be covered except the sizthe available site. Off the shelf
tunnels that use standastzed steel or aluminum and polyethylene
sheets are the most affordable option. Narrower tunnels are easier to
ventilatéd tunnels greater than 30 feet wide may not have optimal lateral
airflow for cooling. Taller and wider tunnels are more efficient at holding
accumulated heat.

F. Water Runoff from Tunnels

Water runoff from tunnels or from other nearby sources can cause erosion and
ponding issues that may requapplyingother practices such as gutters,
diversions, underground outlets, and critical area plantings. Additional practices
such as nutrient and pest management and crop rotation should also be
considered as a part of a conservation plan.

G. Exterior Coveringgor Tunnels

1. The samexternalcoverings can be used for both high and low tunnels. The
typical covering for the roof and sidewalls of a tunnekspslyethylene
plastic.Do not use constructiegrade polyethylene found at construction
supply or hardware stores; instead, useghous@rade, 4to 6-mil
ultraviolet light (UV)}protected polgthylene Constructiorgrade
polyethylenef break down quickly from the UV exposumehile the UV
polymer resins in greenhougeade plastics increase the longevity of the
coveringto more tham years when securely fastened to the structure.
Polyethylene coverings containing additional infrared -emtidensate
resins, as well astleer options to enhance daytime light quality, prevent heat
loss at night, or reduce diseases spread by condensate drip are available at a
higher cost. Fabric row covering may also be an option for low tunnels.

2. End walls are generally only used for high tunnels. Because end walls are
tall, flat surfacesthey are more exposed to high winds, heavy rains, and hail.
Doors and openirggend to add additional wear due to movement. The end
wall can be covered with payhylenesheeting, but it is preferable to use a
more durablerigid product.Productssuchas corrugated or twiwvalled
polycarbonate sheeting (FigusB0T-26) aremore expensive than
polyethylene but light quality will remain high for 10 years or mofrdéey
alsodonot deteriorate as quickly.
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Figure 650T-26. Twin-Walled Polycarbonate Sheeting

a. PolyethyleneRetention There are several methods for connecting
polyethyleneplastics to the hoop frame. Traditionalllge polyethylene
is held in place by fastenints edges to the baseboard usivapd lath or
batten tape. Although inexpensive and functional, this method is time
consuming to install. New methods using a polyethylene lock system
(poly-lock) hold more securely and are not neadyime consuming.

b. Thepoly-lock system consist of two piegesreceiver base and a locking
member. The most affordable system us
base that has a bent wire (known as spring lock or wiggle wire) inserted
into the fACO cdihglenesleckt. Thisspeovides ahsteongy o | y
reusable, longasting retainer for plastic coverings and can also be used
to hold shading fabrics or insect netting. There are other types of poly
lock systems that function in a similar way.

c. Shade cloth may also lsedin the summer to provide coolinghe
main function of shade cloth is to protect the plants. The light diffusion
percentage ischosenbasedd t he pl antds | ight needs
climate. Shade cloth not only provides UV protection, but also helps to
keep thenigh or low tunnel cool, improves plant ventilation, and reduces
water usage. The cloth onlyeds to cover the top down to the +ipard.

Ensure thathe cloth is attached with shade cloth clips about ey éegt
and ateach end for secure attachment.

H. TunnelTemperature Control

1. Maintaining the optimal temperature for crop growithin tunnel systems
can become problematcross thseasons if not properly designda
enable optimal temperature control, daily temperatures should be monitored
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and accounted foGenerally, theéunnels should be cooletliring daylight
and warmeadvith theretained hean the eveningsTemperatures can be
passively maintained by using insulated cover material.

a. High Tunnels
() If air movement i@nly provided bythe end wall doorexcessive

heat can build up. Natural ventilation is less costly. InstallinguplI
or dropdown sidewalls allows posthyleneto be incrementally
opened as much as 4 to 6 feet. This ability to create more venting
capability can maintain the temperature inside the structure within a
degree or two of outsidemperatureduring the warm season. The
natural ventilation provided by the side walls createnore uniform
temperature througiutthe high tunel.

(2) Roll-up side walls typically use a metal tube that runs the length of
the tunnel. The plastic is attached to the tube with clips butbmay
raised by hand without using an attached tube (Figbod-27). To
open the vent, the tubing or poly is rolled up by hand or with a hand
crank. Opening the vent introduces cool air at the bottom or ground
level of the tunnel. The higher the side is rolld@ more air flow.

This is the simplest design for sidewall ventilation but comes with
some inherent problesnFor example, pening near the ground
allowstheinfiltration of weed seeds, easy access for rodents, and
herbicide drift. Early season ventiaggomakes the ground near the
walls very cold.
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Figure 650T-27. Hoop House with Hand-Raised Side Walll

(3) Drop-down sides are an alternative to +ofi walls Figure 650T-28).
They are more complicated tostall butare best for modulating air
temperatures during eaflgnd lateseason production. It introduces
cool air at the top of the curtain and allows it to mix with warm air
and moderate before reaching the plants. The bottom of the curtain is
attached t@baseboard and the top is attached to steel tubing. A
series of cables are attached to the leading edge and connected to a
main cable that is operated by a winch at one end of the high tunnel.
Curtain material can be aygarcopolymer film or it can be a heavier
material such as a reinforced polyethylene or polyyisiphilar to
ventilation curtainsised forpoultry houses.
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Figure 650T-28. Hoop House with Drop -Down Side Walls
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b. Low Tunnels
(1) Because ohowsmall low tunnelsre the most economat and
efficient method of cooling is tgimply raise or removany
covering.

(2) Otheroptions for coolingnay includeusinga shade cloth.
I. NRCSResources

High and low tunnel structures are not permanent structures and have a
significant impact on the microenvironment for plants. As stiih practice has
been deemed an ecological scieddeen practice. Thetateagronomist should
be the first point of contagthen a tunnel is being considered for design or
installation

650T.5 Composting

A. Purpose and Scope

1. Soil quality can be poor ithereclaimed lands found in many urban gasien
In such unimproved soils, the crops may be of poor quality or fail altogether.
This section presents basic information on improving production and quality
of crops in small garderis/ usingcompost.
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2. Composting on large farms can be complicated but for smaller, urban
gardens, the basic principles can be simplified whilemtiVidingthe
benefits that composting can off&oth the production and application of
compostareaddressech brief within this section

Note: The NRCS hageneralguidance on composting conventioml, large
operationswhich is addressed in detail 210NEH Part637, Chaptei2. For

urban composting on small operations, review city ordinaoesntroling
odors,nuisance attractions, and other biologmahtaminantsThe state
environmentalengineercandirect those who want more advice on composting.
This section provides a simplified approach with a focusrbanagriculture.

B. How Organic Matter Improves Soil and Crop Quality

Water flows into the soil and isaken upthrough the roots of the plants. The

better the soil structure, the easier it will be for the water to move through the
soil. Heavy clay soils have tiny particles that resist water infiltration while sandy
soils may allow the water to rapidly flow throudmproving the soil health and
structure of bth types of soilsmprovetheir ability to retain water. This can be
accomplishedby addingorganic material. When organic material is added to
clay soil it acts likea glue, making larger particles out of the small particles and
thus increasing pore space fetainingwater. In sandy soij®rganic material

fills the large pore spaces and enables the soil to retain more water.

C. Composting Benefits

1. Composting turns organic waste into organic matter that can be incorporated
into soils. The compost materialoften usedo improve both sandy and clay
soils.However, compostanimprovesilty or gravely soils as wellDead
material will naturally rot and createbeneficiakoil that has important
nutrients for plants.

2. Composting is a series of techniques that help speed up this natural process.
The alvantages ocapgdying composinclude:

a. Growing healthier and more productive plants

b. Providing goodgrowing mediurs to start plantand seedlings in
c. Providing good soil for transplanting trees

d. Handing excess organiwaste

e. Improvng marginalsoils

f. Increashg water holding capacity of soils and efficienaiyirrigation

D. Making Compost

1. A way to conceptualize making compost is to compare it to coolursg
like a cook, the producer mystepare groper mix of ingredientanda
place to put them andlill needsometime for it to all come together
Generally,compost ingredients areadeof simple components

a. Organic Material
b. Water
c. Microbes
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2. Theproducemustalsohave something to cook the compostdrprovide a
suitable environment for the microbes to break down the material and form
the neededompost This can be a container or a pile (Fige&®T-29). If
the compost is created in a pile, it may take 3 to 8 months to fully form. If it
is cookedn acompostingcontainer, the time can be shortened to 1 to
3 months.

Figure 650T-29. Three Bin Composting Container

3. All organicmaterial has aatio of @rbon(C) to nitrogen(N) in their tissues
The ideal carbon to nitrogen ratio for compost is around 25:1 to 80:1
simple way to compost is to categoripaterials with high carbon (higher
than 30:1 C:N ratio) as broworganic materiahndmaterialswith low
carbon (lower than 30:1 C:N ratio) as greeganicmaterial.Nitrogenrich
and carbosrich materialsare commonlysed in smallscale agriculture
(Figure650T-30). Examples of each are shown in Fige&T-31 and
Figure650T-32. Household pet wastshould not be added to the compost
piles due tahe riskof diseaseand food safety concerns.

Figure 650T-30. List of Materials Suitable for Compost

Carbon Source Nitrogen Source (or
(oroBrown Ma|] 0Green Ma
Leaves
Waste straw Food scraps
Waste hay Herbivore manure (no
Corn stalks pet manure)

Sawdust Grass clippings
Dead, dry plants Used tea and coffee
Wood chips Hair

Shredded paper
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: Green and Brown Material

4. Mixing the Organic Materials

a. Generally, addingne ortwo parts of ayreen material to one part of a
brown material will get the ideal:N ratios.Add a 2- to 3-inch layer of
moist green materialthen add 2o 3 inchesof drier brown materials and
moisten using spray nozzle ohose.Repeat until bin is full. Thpile
should have the consistency of a wrtmg sponge.

Figure 650T-32. Added Organic Materials: Brown Material (Left) and Green
Material (Right)

b. Do not add too much watdt.should be damp enough so that a handful

feels a little moistbut dry enough that a hard squeeze produces only a
drop or two of water.
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c. The good microbes needed for composting are naturally present in the
air, soil, and wateandwill grow on their own.However, certain
conditions encourage microbial growth more than others. If there is too
much highcarbon material in the mix or the weather is too cold, the
microbes will not flourish as much farmer can give the compost
process a head start byxing in a few handfuls o&n activator such as
compost from another compost pifeanure, powdered meatoffee
grounds or commercially availablguick-returncompost activators

d. The compost pile should be stirred occasiondltys providesair to the
good microbes and moséheouter layer ofnaterial to the centerhvere
most of the compost cooking is happeniRgpducersan use a shovel or
apitchfork Generally, theeompost pile should be stirred at least once a
week.Add water if the pilegets too dry

e. The compost will start to get hot as the microbes start to work. Compost
in a container will get to a higher temperature than compost in an open
pile. This makes it cook fastefhe composimustreachat leastL45°F to
adequately kilbad microbes, most pathogens, plant diseasesyeed|
seedsHowever, @osely monitor temperatures above 165§getting
too hotwill inhibit the composting process by destroying the
thermophilic bacteridf the pile reaches temperatures abd88&°F
immediatelycool the [le (generallyby applying water and mixingo
prevent combustion.

f.  When the compost is complete, the temperature will drophreaiditial
ingredients will baunrecognizableThe compost will be dark brown or
black. It will be crumbly and have an earthy smell

5. Potential Problems When Making Compost and How to Correct

a. Sometimes the production of the compost does not go keetunately
problemsfound whilemaking compost are easily corrected. These are
described below
(1) TheCompostSmellsBad The compost should smell earthy but not

like sewage. If it smells very bad, it may be because the pile has
become too welf it is too wet, the good microbes will not work
well. To solve the problem

(a) Avoid watering it too much

(b) Cover the pile to keep rain off

(c) Add more brown material and mix it in
(d) Provide drainage at the bottom of the pile

(2) Drainage can be provided with a pipe that has holes in it (Figure
650T-33). The pipe runs under the bottom of the pile and out of the
container.The drain water can be collected and used as a natural
liquid fertilizer. All organic material in the compost pile is Aoxic
and will not harm the environment.
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Figure 650T-33. Pipe with Holes Used to Provide Drainage in a Compost
Container

(3) Nothing is Happeninglrhe compost should become warm as the
good microbes begin to break down the matelfighis does not
happerwithin the first month, thedo at leasbne of the following
actions

(a) Add more green material
(b) Add more waterl{ut not too much)
(c) Stir thecompost

(4) The microbes may also not break down the material because there is
too much pine materiah the compostToo much pine needles or
pine bark camnakethe mix too acidic for the good microbes to work.
This may be corrected by addiagme lime to the pile. The
powdered lime must be well mixed into the pile

(5) Rats and/ermin in theCompost Rats are not only unsightly but can
also carry disease. While meatrapscan be composted, it is
generally recommended &wvoiddoing so since it can attract vermin

(6) Worms in theCompost Seeing worms in the compost can upset
someone who is new to makiagmpostput this is not a problem.
Worms are good for the soil and an indication of soil health. Worms
help the compost finish cooking and seeing them in the pile often
indicates that the compostabnost done

E. How to Apply Compost in an Urban Garden

1. In Garden SoilFarmers can mix compost into poor soil to make it better for
plants (Figuré650T-34). A good approach is to mix 2 to 3 inches of compost
into the top 5 to 8 inches abil.
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Figure 650T-34. Mixing of Compost int Upper Layer of iI
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2. In a Rased BedUsers can also bury compost in the middle of a raised bed.
Theproducershould place a ppile in the middle of the raised beéiqure
650T-35). The pile should bapproximately2 incheshigh by 6 incleswide.

The compost will slowly release nutrients for the plants. The construction
and use of raised beds is described in more detail in the next section.

Being Used in a Raised Bed

Figure 650T-35. Compost

3. Many crops also benefit froapplying one to two handfutsf compostor
eachplanting hole.
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F. Compost Tea

1. A producercan makesomethingcalleda cofinpostteao which acts as a
natural liquid fertilizer. This is done by adding a few handfuls of compost to
a bucket of water or a few shovels of compost to a drum of water. The
producershould let the compost sit in the water for a few dBysing this
time, the nutrients from the compost will mix in the water.

2. The liquid carthenbe added directly to seedlings or new plantitigthe
liquid is strained through a cloth, it can be added throngthods ofirip
irrigation such asbucket drip irrigation system. Figué®0T-36 illustrates
the making and use of compost tea.

Figure 650T-36. Photos of Compost Tea Being Created and Used
] z =N -
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G. Tree Seedling Planting

When planting a tree seedlingfaamer can add layer ofcomposthat is 2 to
3inches thick along the bottom tife planting holeAdditional compost can be
mixed into the soil that is removed from the hole and then placed back in.

650T.6 Rainwater Harvesting

A. Purpose and Scope

1. Many urban gardens useunicipalwater supplies for irrigation water.
However, while water from a spigot can be convenient, it can also be
expensiveand tricky touseefficiently. Many urban gardeners reduce the
amount ofmunicipalwater they need to irrigate their cropsdapturing and
storing rainwaterThis technique is referred to &®oftoprainwater
harvesting (Figure 650T-37).
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2. NRCS has several conservation practices dealing with the capture of water
such agRoof Runoff Structur¢Code 558)and Water Harvesting @ment
(Code 636)Consult thesstandardsvhen designing rainwater harvesting

3. In a small number of states rainwater harvesting is restricted and in some
cases illegalConsult bcal and state regulatiots ensure compliance with
code.

Figure 650T-37. Examles of Rooftop Rainwater Harvesting

B. Rainwater Capture Systems

1. The capturestorageand use of rainwater runoff from rooftops is not a new
approachMany older buildings in the United Statesvemeasures$or using
roof runoffasdrinking water Figure 650T-38). These were sometimes just
referred to adicistern® or firain harvesteré.However, vith the development
of treated municipal water as well as an understanding of pokutaitcan
make roof runoff unsafe, this approach fell out of faweer time
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igure 650T-38. Examples of Older Rainwater Capture Systems

T,

. The move toward sustainahiebanagriculture as well as a better
understanding of the importance of controlling stormwdias resulted in
many people revisiting theracticeof capturing roof runoffWhile untreated
runoff from rooftops may not be suitable for human consumgptionay be
appropriate for irrigationOften this approach is used in small kitchen
gardens to store and use water for small plots (Figbod-39). Collecting
rainwater helps to mitigattormwater outflowwhich can reduc¢heimpact
on murncipal storm sewers, the amouritveatera municipality mayheedto
treat andpossibleerosion impacts to nearby streardditionally, when
local governments institute watering bans during draajghptured
rainwater carbe used aan alternative to municipal water supplies.

. TheFood and Drug Administratior-DA) defines specific requirements for
agricultural water based on the water source, location, type of irrigation
system, and several other fact@sforemakinganyfinal decisiorsto use
rainwater consultthe FDA Food Safety Modernization Act (FSMA)
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Figure 650T-39. Rooftop Rainwater Harvesting and a Kitchen Garden

C. Components of Rainwater Harvesting System

Rooftoprainwaterharvestingsystens are made of a handfaf simple
componentshathave changed very littlever the yearsThesecomponents
includesomething to catch the rain, something to store the water, and something
to control the release of tlvapturedvater.

1. CatchmeniArea Thefirst componentf a rooftop rainwater harvesting
system ianimpervious roof Existing roofs on bildings such as houses,
barns, shops, and warehousas be taken advantag&to harvest rainwater
However,structurespecificallyfor capturingrainwatercan be builtlose to
where water isieededdr will be usedFigure 650T-40). Beforeconstructing
any structure review therequirediocal permits
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Figure 650T-40. Runoff Shelters to Capture Rainwater Close to the Ste of Use

a. The size of the roof determines the amourraoffall that can be
capturedTo estimatethe catchmenrdrea use the horizontal footprirtf
the structuras shown irFigure 650T-41.
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Figure 650T-41 Horizontal Catchment Area for Various Roof Styles

b. Rainfall capture islependenon thechaiacterof theroof surface
materials. Figur&50T-42 gives runoff coefficients for variousoof
surface materials.

Figure 650T-42. Table of Runoff Coefficients Based Off Roof Material

High Low
Surface Character of surface Coefficient Coefficient

Roofing Shingles Z/Ih?rt]lel,egravel, asphalt 0.95 0.75

Paving Concrete, asphalt 0.95 0.70

Brick 0.85 0.70

Gravel 0.70 0.25

Soil Flat (2% or less), bare 0.75 0.20
Flat (2% or less), with

vegetation 0.60 0.10

Lawn, sandy soil Flat (2% or less) 0.10 0.05

Average (2% to 7%) 0.15 0.10

Lawn, heavy soil Flat (2% or less) 017 0.13

Average (2%to 7%) 0.22 0.18

2. Guttes. Roofs shoulde sloped taransportrunoff water to a gutteiThe
guttershould also bsloped to convey theinoff water to a downspout
where the runoff is eventually captured
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a. Several methods exist for sizing guttdéfer more rural or perurban
settings, the steps found iR10NEH § 651.1001 may b#ollowed. In a
more municipal or typical urban setting, especially when designing for
existing buildings or structures, required gutter sizes may be based on the
universalplumbing code. Check with the proper regulating entity to see
what is required.

b. Evaluatethecondition of the existing roof structubefore installinga
gutter. Install new fascia boards as needed to support gutters and
downspoutsMount gutters on plumb fascia boards. If the building does
not have a fascia board, mounittersto the rafter ends, adding any
necessary appurtenances to ensure the gutters are securely attached and
positioned to collect runoff from the roof.

c. Ensure that the gutter support systsanwithstand the anticipated
precipitationloads,including loads from snow and ice. Where snow and
ice are expected, install roof gutters below the projection of the roof line.
If this is not possible with the existing roof, install rigid supports or
wraparound straps. If structural supports are ingaffic design the
required supports for the gutter.

d. Refer tothe Roof Runoff Structure (Code 558pnservation practice
standardor requiredgutter design capaciggnd operation and
maintenance requiremenBase the minimum gutter capacity the
peak flow from a 1§/ear, 5minute rainfall event.

e. A coarse screeshould be installedn either the gutter or the downspout
to prevent gutters from collecting leaves and other déBigsire650T-

43). These are often referred to as a leaf g0dadious styles of screen
and leaf guards are availab&tyle should beselecteased orocation
and potential debris loa&egardless of styJéhe collection gutter and
screens wilrequire periodic cleaning.

Figure 650T-43. Screerrs Placed on the Downspout to Prevent Debris

3. StorageContainers used to storainwater areoftenreferred to agcistern®
or firain barrelso thoughricisterro is sometimesised to refer to the entire
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system.The storageontainer foithe cagpturedwater can be made of

concrete, steel, masonry, plastic, or any material that is durablegiFadel

plastic barrels are a common storage container used in many urban gardens.
Examples are shown in Figus&0T-44.

a. Itis important to ensureverflowwatercansafely bypass the container
especiallyfor undersizeaontainersinstall tanks on a firm, level
foundation that will not settldifferentially. Examples of suitable
foundation materials are bedrock, concrete, compacted gasaettable,
well-compacted soils. Where necessary, prepare the foundation by
removingmaterials thatannotsupport the design loads.

b. For vertical storage tanks with a height greater than the diameter, analyze
the potential for overturningue to wind or a seismic eveand include
appropriate anchoringiechanismskor buried tanks, ensure that they
can withstand all earth and vehicle loads anticipated at the site.

Figure 650T-44. Food-Grade Storage Container Used to Store Captured

c. The size of the storagmntaineis in direct relation to the avable
water that can be captured and usedome cases, argercontainer
may be better forrrigating cropsbecause the water is not only
immediately available, but plenty enough to avoid buying other water
sourcesHowever, rge capacityis not always betteStorage containers
should be selected basedtbe size of the operation to avoid over filling,
under filling, stagnation, and other related storage isJwasstimatethe
potentialstorage neext] usethe equationn Figure 650F45. Refer to
theWater Harvestingcatchmen{Code636) conservation practice
standardor operation and maintenance requirements
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Figure 650T-45. Water Storage Equation
301 OACA®QBUAARAET 2AKOTIAEALELZEAEAT O
SAEAOU EAAOI O
(1) Storage size Storage volumegallong
(2) Area = Catchment ardét?)
(3) Rainfall =Rainfall depth (inchegjstorm event or averageasonal)

(4) Runoff coefficient= Coefficient based on catchment area surface
material

(5) Safetyfactor =Valuesbetween 0.6&and0.95

(6) The value0.623 is theconversion factor fogallons per inch of water
height. The safetyfactor covers such things as potential for leakage
plugging spill potential, andrariations in rainfallOn a hot summer
day, evaporation can play a role in the amount of water caplted.
these thingsnustbe considered in evaluating the adequacy of using
rainfall for the water supplgnd storage requirements

d. To estimatehe waterstoragepotential,use the U.S. Department of
Commerce, National Oceanic and Atmospheric Administration (NOAA),
National Weather Service (NWS}lAs 14to gather rainfall data. Seral
characteristicenustbe evaluated.

(1) Averageseasonal (growing seas@and monthly amounRainfall an
vary greatly from montio month. This variationver thegrowing
seasortan affect the amount of water captyrsiragevolume
neededand justificatiorfor installing a rainfall capture system.

(2) Intensity The rainfall intensitynay afectwhattechnqueto use for
conveyance or collection.

(3) Frequencythe rainfallfrequencydirectly affects the design of the
required storage armbmponents.

e. ExampleCalculations
(1) A new shade area is constructed 1OyfB0 ft with a metal roof. On a
hot day the combination of the runoff coefficient and the safety
factor is approximately 7Percent The volume of runoff for a
0.25inch storm event would be

301l OACA®QBUAARAET K11 ££ Al AEEEAEAI
SAEAOU EAAOT O
Tcoonmgu i o &CAI O
(2) On a cooler, overcast day, closer to a f8fentof the rainfall event
may be capturd. In this casethe runoff coefficient would 0.95 and a
safety factor of 0.95The potential volume captureuld be

301 OACA®QBEUAARAET RAOTI A& AT AEAEAEAI
3SAEAOU EAAOI O
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(3) The storage volume required for an average monthly rainfall of
5.4inchesand a combined average safety and runoff factors of 0.8
would be

301 OACA®QBUAARAET 2111 £ Al AEEFEAEAT O
3AEAOU EAAOI O
™coonmud T YnkCAI O

f. No matter how large a storage containematy still overfill. Take
appropriate measures to provide an overflow that will comxegss
water to a suitable locatioffihis istypically a pipe in the upper portion
of the storage tanlOverflow watershould be conveyeaway from the
foundation of the building the rain is being harvedteth andsafely
disposé without causingexcessive erosiomarmto adjacent cropsor
other resource concerns

g. Rooftops can often collect dust, dirt, bird droppireysd other various
debris The first part of a rainfall event gendyallushes this debris from
the roof.Many installations include farst flush capturesystem to divert
and collect this dirty watef.hese are also referred t® diréit flush
diverterso While not required,he first flushdiverter is used to prevent
excess dirt and debris from enterengd filling the storage container.
Althoughtheseare available commercially, maatesimply made from
PVC pipe and fittinggisshown inFigure 650T-46.

h. The first flush carrying the debris fills the pipe and the rest of the
captured raifall is diverted to the storagEor the diverter to be
effective, the water in the capture pipe must be drained between storm
eventsRecommendations vary widely as to the best amount of veater
divert during the first flushbut a typical volume is 1 gallon for every
100 gallons of stored watdfach locatioras specific factors to
consider.

1 Type of roof The moresurface iregularitiesthe more debrithe
roof can hold

91 Debris sourcelf trees and therpotential sources of debrise
near the rogfmore diversion is needed.

1 Prevailing wind If theprevailing wind is toward the catchment
areait is more likelyfor debristo be blown in

1 Roof slope Less diversion is needéar roofs withsteeper slogs
as debris is removed more quickly

1 Rainfallintensity. The rainfall rate may affethe ability of a
diverter tokeep diverted water from mixing with harvested water.
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Figure 650T-46. First Flush Collection Used to Prevent Excess Contaminants
from Entering the Water Storage

‘/v ~7

i. Controls must be provided to not only control the release of the water for
its intended purposéut also to drain the tank for maintenantiis can
bedonewith simple spigots or valve&igure 650T-47) at the bottom of
the tank that can connect to a hose or pipeycan also be connected to
manual or automated irrigation distribution systems
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Figure 650T-47. Valves Used to Control Outflow from Cisterns

D. Maintenance

1. As with most engineered solutions ated¢hnique exposed to the elements,
rainwater capture systems ngefiodic maintenanc@he entire system
should be inspecteat regular intervalandrepaired whemecessary
Inspections are also needed after extreme storm elteistadvisable to
drain the system in coldeatherto reduce the possibility of freeze damage
It is important for users to effectively maintainy storageon siteand take
suitable safety precautions.

2. The tank should be sealed or otherwise placambntrol access artevent
themfrom becoming a drowning hazar8icreens or active treatments may be
needed to prevemanksfrom becoming mosquito breeding aredsers
should expect that it will be necessary to periodically drain and clean the
inside of the containers to prevent sediment buildup as well as the growth of
algae. Finally, appropriate signage or other cautions shoylddtedto
inform people that the water is not potable and should not loefaiskuman
consumption.

650T.7 Irrigation Benefits

A. Overview of Irrigation

1. Irrigation is the process of diverting and applying water to croplaiy
manmade interventions, such as pipes and caWét. controlled irrigation,
producers can carefully calibraisater distribution, and by proxy soil health,
to suit theirneedsandmonitor and evaluatelant health. Some factors of
plant health that can be affected by irrigationtemaspiration andther
variousmetabolic activitiesor growth Soil water is also an important factor
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in crop and agricultur al heal th and
pl ant nutrients are ass¥milated by

2. lrrigationis an important factaio ensurdhat soil water is in balance,
regardless oivhatregionthecropland ign. Irrigation is most needed dry
andarid regions t@account for the lack of natural rainfall and moisture for
crops Conversely, in humid areastigationmay be usedupplemetally
andduringdroughsto ensure full crop productivitySuccessful irrigation
depends omanyfactors. Fundamentally however, an effective irrigation
design takes into consideration the questions of wheneyaed how much
water to convey towards crops.

3. There is a direct relationship between the amount of plant biomass (or yield)
producedand the amount of water used by the plahe combined loss of
water from the soil due to transpiration by the plant and evaporation of water
from the soil is commonly referred to as plant water use, consumptive use, or
evapotranspiration (ET)To achieve maximum aboxground biomass and
yield, the soil watershouldnever become limiting long enough tbe plant
to experience prolonged water stress.

4. As soil begins to dryandsoil water becmeslimiting, plants start
experiencing water stresbypical water stress periechappen during
midsummeidue to inadequate rain (and thus limited soil wates)shownin
Figure 650TF48, the crop water use for the entire season is 28 inches of
water, with the yearly precipitation at 37 inches of watet crop water use
far exceeds precipitatidnom June to Septembdburing this period,
irrigation ensursthesoil profile hasenoughwater forgrowinghealthy
crops If not irrigated, photosynthesiand thus transpiratiomill be
suppressedvhich will affectbiomass production and yield@he longer and
harsher the degree of water stress, the greatérgb®fyield and quality.

5. Water stress is more severe a&ets fastein vegetables and herbs than other
crops as most of their mass is made up of water with shallow rootthagd
have dimited ability to extract water from deeper soil lay&hi&ater stress is
also more pronounced in urban settings dusdddwvated temperatures of the
surroundingseen commonly in the urban heat island effect

“SoilwaterUni versity of Hawai 6i at Manoa
https://www.ctahr.hawaii.edu/mauisoil/a_comp03.aspx#:~:text=Soil%20water%20is%20the%20medium,t
he%20plant%20roots%20for%20absorpt{@n23).
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Figure 650T-48. Monthly Rainfall and Crop Water Use for Corn in a Subhumid
Region (Left) and a Water-Stressed Crop (Right)

Monthly Precipitation and Corn Water Use

Deficit water in summer

water use (ET)

Precipitation

Precip. or Crop Water Use (inch)

Yearly Precip. = 37 in Seasonal Precip. =20in  Corn water use = 28 in

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

B. Irrigation in Urban Settings

1. Key urban agriculture challenges facing cities and urban farmers are access
to land, capital, and water for irrigatiéhMost urban farm settings incled
backyard and community gardens, repurposed space farming, rooftop
gardens, hydroponics, or greenhousédsere herbs, flowers, and vegetables
are grown In these settingglants likely need to be irrigated almaistily to
achieveatimely and quality harvestith amaximum yield.

2. When considering irrigatiorthe wateravailability, cost, and quality are all
important considerationgVhile the ability to irrigate oldemand is a huge
farming advantage, access to water can be difficult for urban farmers because
of the costs associated with installing water lines to vacant lots, hooking into
existing water sources, or paying for city watome cities are providing
cost to install water meters for community gardens or working with water
utilities to help urban farms and gardens access water with adjusted water
usage rates

3. In aridenvironmentdike the Westthe limited water supply presents greater
challenges for urban farmewss water for urban agriculture is often from
municipal sources, it is likely to be more expensive, making water
conservation critical. Cost can be mitigated and conservation can be
enhanced bysingrain barrelsMany cities promotesingrainwater and
other degraded water to counter increasing fweater scarciesand
droughs.

4. Once a water source and daily and seasonal availatiilihe sourcés
determined for @y site, urban farmers need to consider a suitable and
efficient irrigationsystem an@dopt sitespecific strategies for managing the
system and the irrigation watéself (i.e., scheduling)lrrigation can be
applied using four basic system typsgrface or gravity, sprinkler, drip, and

15 Mary K. Hendrickson & Mark Porth, Urban AgricultureBest Practices and Possibilities (2012),
https://extension.missouri.edu/media/wysiwyg/Extensiondata/Pro/FoodSystems/Docs/urbanagreport 072
012.pdf(last visited Dec. 2021).
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subsurfaceln rural farms, variations of all four methods are practiced for
crop productionln urban agriculture, similar irrigation methods, albeit at
smaller scales, are employed ranging from manual irrigating via watering
can or ggarden hos& more sophisticated watering by drip and sprinkler
irrigation (Figure650T-49).

5. Similar irrigation methods may be used in rsml-based porous media
which are gaining popularitysee section 650T.2 of this subpart for more
information.

6. By far, drip irrigation dominates in urban farming involving plants in soil or
other porous growth media substrates due to its versatility, ease of
automation and fertigation, amiyh wateruse efficiencyDrip irrigation
also conserves more water foynimizing non-beneficial losses of water
throughevaporatiorfrom the plant canopyunoff, and deep percolation
Surface and subsurface drip irrigation can also allow safer use -afuality
water compared to sprinkler irrigation.

7. Detailed discussion of drip irrigation and hydroponateng with irrigation
water management (i.e., daily scheduling) strategies, irrigation water
requirements determination, and a simple drip system called drip bucket
irrigation, is offered in the following sections

Figure 650T-49. Examples of Urban Irrigation Systems: Hand Watering
(Top Left), Micro -Spray (Top Right), Surface Drip Via Drip Tapes (Bottom
Right), Hydroponics (Bottom Left)

2 ] fo _.‘ UL NV
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C. Irrigation Water Requirements

1.

Seasonal Irrigation Requiremel¢hen designing any irrigation system,
ensure that the water supmggnmeet thedaily peakand seasonal crop water
demands. There are numerous online sources (including extension and
NRCS) for obtaining reliable estimates of seasonal, monthly, and peak
irrigation water requirements for various crops in different climates.

Estimates of seasonal irrigation requirements candethrmire the
seasonal cost of irrigation water. This is an important consideration in urban
settingswith costly city water.

If water supply is limitedgonsideradditional sources of watesuch as
rainwater harvesting or development ofgite tank or pond storage.

To calculate seasonal irrigation water requiremargsestimates of seasonal
crop water use (ET), seasonal effective rainfall, and the application
efficiency of the irrigation systefior the equationin Figure 650750.

Figure 650T-50. SeasonalWater Requirements Equation
) OOECAQET 1T 7A0A®4 25NEARA@AEION Ak BE ARAAU

An example of d-acresprinklerirrigated mixedvegetables community
gardenoperatingwith an irrigation efficiency of 7@ercenis provided in
Figure 650F51, where the monthly ET values for the vegetables and the
monthly effective precipitation values were obtained from Extension
publications
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Figure 650T-51 Example of Monthly ET andRainfall Values

ET Effe_ctlve
Month . Rainfall
(inch) .
(inch)

May 4 2

June 6 4

July 8 3
August 8 2

Sept. 3 1

a. In this example, thotal seasonal ETs 29 inchesof water and seasonal
effective precipitation is 1lches yielding a calculated seasonal
irrigation watemrequirement (IWRDf:

Y72 cwpgmx c¢®EI AEAO

b. The total volume of seasonal requirement for the ebtaereland is
then calculated as

611 0ick® ——
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c. This translates to a national average q08@ irrigation water cost for
the seasgrassuminga family of four using about 100 gallons per person
per dayandpaying about $72.93 for water every monfthis figure will
likely be higher in watescarce western cities than elsewhere jdastill
a substantial cost for most vegetable farming communities with limited
resources.

6. An option for cases of inadequate seasonal water availabitiggiging the
irrigatedarea or irrigating the entire land but at a reduced deficit irrigation
rate.An effective deficit irrigation scheme would take advantage of
irrigating fully during the most crop watsensitive periods and less during
other growth periodg-or a list of critical periods for water stress by crops
see Figure 650'b2 (produced by the Center for Agroecology & Sustainable
Food Systems (CASFS), at UC Santa Cruz, CA;
https://@sfs.ucsc.edu/documentsAbie-gardener/water_saving.pdf
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Figure 650T-52. List of Critical Periods for Water Stress by Crops

Crop Critical Stress Period

Apples Spring, flowering, and fruit set and development

Arugula Vegetative growth

Basil Maturity, to prevent stress-induced flowering

Beans Flowering, seed set,and pod development

Beets Root development

Broccoli Head development

Brussel Sprouts Vegetative and sprout development

Cabbage Head development

Carrots Early root development, to prevent cracking

Cauliflower Head development

Cilantro Vegetative growth

Collards Vegetative growth

Corn Crown root development and pollination and kernel
development

Cucumbers Flowering and fruit development

Eggplant All stages

Fennel Bulb development

Flowers Bud development through flowering and pre -harvest

Kiwi Spring growth, flowering, and fruit set

Leeks All stages

Lettuce head

Head development and pre-harvest

Lettuce leaf

All stages, pre-harvest

Melons Flowering and fruit set

Onions, garlic, shallots During bulb enlargement

Parsley All stages

Parsnips Early root development

Peas Flowering, pollination, and pod enlargement
Pears Spring growth, flowering, and fruit set
Peppers All stages, allow dry-down between watering
Plums Spring, flowering, and fruit set and development
Potatoes Tuber enlargement, from flower to die -back
Pumpkins Flowering and fruit set and development
Radishes All stages

Small grains Crown root stage, heading, and flowering

Squashes (Summer & Winter)

Flowering and fruit development

Tomatoes

All stages, especially flowering and fruiting

D. Irrigation Scheduling
1. Scheduling and applying the correct amount of wiateropsis critical for

healthy and productivagriculture Sufficient water must bsupplied at the
right time without underor overwatering the garden. The water
requirement varies by the type of crop and the growth stage of thdrcrop.
general, shallowooted crops require light and frequent irrigations while
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deeprooted cropgan be irrigated with less fragnt irrigations Water
requirementsrealso weather dependemtith cooler season crops requiring
less water than warm season crops.

2. The core of any irrigation scheduling is the ability to determine when to
irrigate and how much to appl@€urrent irrigation scheduling methods are
based on soil, crop, and weather indicatérstraightbrward scheduling
suitable for sobased urban farming gardens, greenhouses, and high tunnels
can be based on monitoring the level of soil moisture in the root zone and
staring to irrigatewhen it reaches a threshold depletion le@gice
irrigation begins the next question is how much to apply or wieetutn the
system off.The amount of irrigation can be based on how much can be
added to the soil without exceeding its water holding capacity.

3. Literature suggests that whahout30 to 50percentof soil moisture in the
root zone is depleted, plants start experienemgughwater stress to affect
their yield and qualityThis depletion level is usually calldde
fManagement Allowed Depletioi{MAD) level.

4. Irrigators may use a soil moisture sensantasureghe level of soil
moistureand,as soil moisture approaches the desired MAD level, start
irrigating until the soil moisturés back to near field capacityhis process is
then repeated throughout the growing season.

5. Moredetailed discussions abdutigation scheduling using soil moisture
sensing or other scientifically based methoals be found imnline
literatureby university extensia) NRCS, and the irrigation industag a
whole (e.g.,Basics of Irrigation Schedulingy the Uniersity of Minnesota).

6. When to Irrigatelt is best to wateduring cooler times, typicallin the early
morning or late evenindo minimize evaporation lossesthoughdrip
irrigation already minimizes evaporation lossesamppling water close to
the soil, watering during cooler timesstill recommended for eliminating
most lossedn addition, plantsranspiremore when soil evaporation is
minimized.

7. Urban crop producers are cautioned against starting irrigation based on
visual signs of water stress such as leaf rolling, darkening, or sagisg.
casual approach is unwise as plant stress negatively impacts yield and quality
and more irrigation would not help.

8. How Much Water to Apply

a. lItis important that the soil profile in the rooting zones is supplied with
correct moisture. Insufficient watering may result in shallow rooting
which leaves the plants susceptible to drougkerirrigation can leach
nutrients from the soil and encourage the development of diseases. Over
irrigation and excessive runoff could cause transfer of chemieatiing
to possiblesoil and water quality degradatidn.general, the top 4 to
6 inches of soil should feel damp but not appear soaked or miiddy.
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farmess areencouraged to physically feel the soil around the plants after
watering to become accustomed to the operation of the system.

b. Vegetable croptypically needaboutl inch of water per weelor the
12-inch irrigation emitter spacing, this is approximately 0.62 gallons per
plant.However, thids justa generafuidelineas weather factors, such as
it beingwindy, dry, orvery hot,may affect the amount of water plants
need. In extreme cases, plants may meetke thartwo to three times as
much wateias they would under normal conditions

c. Ifitrains, the amount of rain should beeasured andsed to offset the
amount of water applied through irrigatidrhe producershould monitor
theamount of rain with a rain gge.A rain gaigeneed not be overly
complicated andan be as simple as a can placed in the gavitera
scale Figure650T-53 provides some general irrigation tips for various
crop types.

Figure 650T-53. Irrigation Recommendations

Crop Type

Irrigation Recommendations

Cucumber

Frequent watering needed throughout growing.
Needs frequent and regular watering during dry times .

Beans

Critical watering during flowering stage.
Critical watering during bean development stage.

Tomato

Critical time is the first 3 to 4 weeks after transplanting.
Critical watering is during flowering stage.

Critical watering during fruiting stage .

Needs frequent and regular watering during dry times .

Lettuce/Cabbage

Critical watering during heading stage.
Frequent irrigation between heading stage and harvest.
Needs frequent and regular watering during dry times .

Carrot

Critical watering during root enlargement .
Uneven irrigation can result in misshapen and split roots.

Onion

Critical watering during bulb development .
Not as sensitive to missed waterings after establishment

Potato

Critical watering during tuber initiation (when they become the size of
marbles).

Critical watering during tuber development .

Uneven irrigation can result in misshapen and split tubers.

Asparagus

Critical watering during fern development .

Broccoli

Critical time is the first 4 weeks after transplanting.
Not as sensitive to missed waterings after establishment

Brussel Sprouts

Critical time is the first 4 weeks after transplanting.

Not as sensitive to missed waterings after establishment

E. Irrigation System Capacity

1. The irrigation system must be designed with adequate capacity (i.e., flow
rate) to deliver the peak required irrigation amount to the cropped area within

theirrigation period.
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2. Peak daily crop water use for most agricultural crops, vegetables and herbs
are between about 0.80d0.3 inclesper day.The peak use rate usually
occurs in midsummer heat with plagat near maximum vegetatiohhe
guestion is how much system capacity in gal/min (gpm) is needed to ensure
the system can deliver the peak daily use in a specified number of hours.

3. Example:A 2-acre parcel of urban lansiplantedwith mixedvegetabls and
irrigatedby anew drip irrigation system with an efficiency of 0.9 (or
90 perceny. What minimum irrigation system capaciyll ensure the entire
2-acre land can be fully irrigated ardaily basis and during peak crop water
use?A useful formula to use is:

Figure 650T-54. System Capacity Equation
N 1 VDgQAAE AOiI P xAOAO OOA
3UOOAI # AR A O — = s e e A B ET 1 e
/£ EOOECAOEI I AEEFEAEAT AU
4. System capacity or flow rate is gallons per minutper acrePeak crop
water usas in inches of wateHours of operations in hours perday.
Efficiency in decimal. The irrigation efficiency takes care of system non
uniformities and the water that is applied but lost to soil evaporation, runoff,
and deep percolation. Typical efficiency values range frono 86 percent
for drip depending on age and level of maintenance and fraim 70
90 percentfor sprinkler irrigation, with much lower values for surface
flooding, hand watering, and other crude water application methods.

F. Water Quality

1. Water quality is aotherimportantaspecbf irrigation and isone ofthe most
important consideratiafor determining whether a drip irrigation system is
physically feasible.

2. When it comes to drip systems, all water must be screened and filtered to
some degree before usdogging of emitters is the most difficult problem
encountered in drip systerfligure 650T-55). The type of filteito use
depends on the drip system and the particulate matter in the water supply.
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Figure 650T-55. Water Quality Problems: Iron Bacteria (Left), Calcium

3. lItis best to testhe irrigation water supply for physical, chemical, and
biological constituents that may cause clogging of drip irrigation system
emitters or plant and soil toxicity and health haza¥dater quality is less of
an issuavhenusing city water, but most surface water and some well water
will likely require testing and filtratiordse water test results to determine
irrigation suitability and treatment requiremerisr a more irdepth
understanding of water quality issues and the proper filtration and
chemigaion requirements, refer tderature published bgnajor drip
irrigation manufactures or seek technical assistancetfietocal extension
agent or NRCS.

G. Micro andDrip Irrigation

1. Dripirrigation suppkeswat er to the soil very <cl ose
very low flow rates (AL3to 2.0 gdlons per hoyrfrom a plastic pipe fitted
with outlets (drip emitters). Thaurpose of thisnethod is to maintain a wet
bulb of soilfor plant rootgo acquirewaterfrom. Only the part of the soill
immediately surrounding the plant is wettad this is where most of the
roots areAn example of thigs shown in Figuré&50T-56.

2. The volume and shape of the wet bulb irrigated by each drip eani¢tar
function of the characteristics of the soil (texture and hydraulic conductivity)
and the discharge rate of the drip emitter. Applications are usually frequent
(twice a day to ever§ to 3 days) tkeepsoil water in the bulb close to field
capacity.
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Figure 650T-56. Water Exiting the Drip Lines

t the Location of the Emittrs

B i 4 A

3. Drip irrigation systeracanoffer a robust and efficient means of irrigatimg
variety of pots plots,and crop typesThese systems are greatly
complemented by pipes or hoses that connect with faucets whidftean
be foundnear roo$, at a parcel of abandoned or undeveloped land, near a
community gardening site, or right outside greenhouses and high tunnels
(Figure650T-57).

Figure 650T-57. Drip Layout and Head Control Assembly at a High Tunnel
T , ) T ] \T\

4. Advantages of Drip IrrigatiarDrip irrigation is not a substitute for all other
forms of irrigation It is simply another techniquéhat can offecertain
advantages, especially when water quantity is limitad.also highly
suitablewhenland areas are not leveled or where high value crops require
frequent irrigationsAdditional advantages are:

a. More efficient use of watebrip irrigation offers significant water
savings.This is not because the plants use less water compared to other
techniquesbut because there are less water losses in applying the water.
Compared to surface irrigation and sprinkler methods, drip irrigatiay
provide 90to 95 percentof the irrigation water to the plant roots. This is
because percolation losses are minimal and direct evaporation from the
soil surface and water uptake by weeds are reduced by not wetting the
ertire soil surface between the plants. With the low rate of water
application, therés alsono significantrunoff loss.In addition, since the
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emitters are close to the plant, evaporatind wind losseare
minimized.

b. Reduced cost for fertilizer®rip irrigation allows pecise application of
nutrients. This is fertigation, in which the fertilizer is added to the line
that feeds the drip tubingertilizer costs and nitrate losses can be
reduced considerably when the fertilizers are applied through fertigation.
Nutrient dressing can be carried out frequently in small amasnts
nutrientsare brought to the immediate vicinity of the active roots.

c. Reduced labor demand@ater applicationn drip irrigationis less labor
intensive tharsurface or sprinkler irrigation. Since the water is applied
uniformly from the drip lines, there is little wasThe reduction in water
needed can result in less trips to a remote spigot, pond oweller to
obtain waterPractices such as weeding can also be perfowhdd the
plants are being irrigated.

d. Low energy requiremend drip irrigation system requires less energy
than a conventional pressurized system as it increases irrigation
efficiency and hus requires less water to be pumpBxiip systems also
requirelower operational water presswwempared to other pressurized
systemsBucket drip irrigation systeghave particularly low
requirements because th&y entirely on gravitylf the bucket ist
least3 feet above the ground, thereeisoughgravitational head to
pressurize the systewithout needing more energy

e. Reduced salinity riskn drip irrigation systemghe root zone tends to be
relatively free of salt accumulatiobgcausehedrip lines are placed
close to the plant rows amsdltstend toaccumulate towards the edge of
wetting front.Surfaceirrigated fields, on the other hand, generally
accumulatesalts right in the middle of the root zotfe.

f. For moreinformation and design guidance for drip irrigatiesae 21(H
Part 623, Chapter fiMicro-Irrigation.0

5. One form of a micrar drip system well suited for urbanragultureis a
bucketdrip irrigationsystem o r budket drip kitdo Bucket drip irrigation is a
simple yet effective low head drip irrigation technigueelcan be
implemented on a community or home garden to increase crop yield and
reduce water @s Thissysteminvolves gravityfed drip irrigation lines that
convey water to individual plants. In studies conducted in India, farmers
have reported increaggields of 50 to 10@ercentand decreases water
usage of 40 to 8percentby using bucket drip irrigation techniqu¥s.
Studies have also documentéghsficant income and quality of life
improvementsresulting in part from the use of this leach drip
irrigation ! For instructios on assembling bucket drip kit see

16 Kobe Shoji,Drip Irrigation, 237 Sci. Am. 62 (1977).

17 Jack Keller & Andrew A. Keller, Affordable Drip Irrigation for Small Farms in Developing Countries
(2000).

8 Winrock, Proceedings of the Lowead Drip Irrigation Review Workshop at the National Agricultural
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AppendixC, filnstallationinstructionsfor a Bucket Drip System of this
subpart

H. HydroponicSystems

1. Hydroponics is the cultivation of plants with formulated nutrect water
without usingsoil as a growth medium. Instead of soil, hydroponic plants are
either grown in inert media that support the plant's weight and anchor its root
structure or are suspended in theldirdroponic systems can be categorized
as liquid or aggregate. Liquid systems do not have supporting medium for
the plant roostructure whereasaggregate systems do.

2. Hydroponic systems may also be categorized as open or closed, depending
on what happens to the nutrient solution. In an open system, nutrient solution
is distributed from a reservoir to the plant and is then drained to waste. In a
closed system, after tmitrient solution passes through the root zdrnis
collected adreused.

3. Further,hydroponic systems can be classified as passive or active. Passive
systems have no moving parts, instead relying on capillary action through the
growing medium. Active systemsepumps to move the nutrient solution to
the plant roots. The six most common types of hydroponic systems include:
wick, waterculture,ebb andflow (flood anddrain), drip (recovery and non
recovery), NFT utrientfilm technique)andaeroponic.These basic six
types ofsystemsanhavehundreds of variations

a. Wick System The simpleshydroponic system idhewick system
(Figure650T-58). It is classified as a passive, aggregate, closed system.
Thesystem has a wicltike a candl@to draw thenutrient solutiorfrom
the reservoito the growing mediunirhe wick system can usevariety
of growing mediurs (e.g., frlite, vermiculite,coconutfiber). A wick
system has no moving parts and very limited material ddstsever,
the biggest drawback of this syst&nthe wicksthemselves. The wicks
are limitedby the rate at which they can supply watgants that are
large or use large amounts of wateay use up the nutrient solution
faster than the wicks can supplyWhen using a wi system, the ideal
plants to grow are typically quiefgrowing plants, such as herbs and
lettuces, rather than thirsty plants, such as tomatoes.

(1) A typical wick system includethe following
1 Growtrays
1 Reservoir
1 Growing media
1 Wicks

Research Laboratorig2000); KenyaAgricultural Research Institute, Simple Drip Irrigation Makes a Big
Difference on Small Farmslarambeepulling together for Kenya. A report of the Kenya National
Research Project (1998); B. Oulkenya Islands Mission Drip Irrigation Programmroceedings of
Workshop on SmaiScale Drip Irrigation Experience Sharing Workshop (1988).
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1 Airstone(optional)
1 Air pump (optional)

Figure 650T-58. Wick Hydroponic System

Growing Tray and
Growing Medium

Reservoir—

\ Airstone

b. WaterCulture The simpést of the active systems ketwater culture
hydroponic system@igure650T-59). It is alsoclassifiedas aiquid,
aggregateand closed hydropong&ystem In this system, fants float on
the nutrient solutiosupported by a platforrmade ofStyrofoamor other
buoyant materialAn air pump supplieexygento the plant rootghrough
an air stonghatbubbles the nutrient solutionFastgrowing watefloving
plants like leafy greens antkttuce are ideal choices favater culture
systens. Very few plants other than lettuce will do well in this type of
systemLarge odong-termplantsdo not grow well irthis system
(1) A typical water culture system includgee following

Reservoir

Grow tray

Net pot

Air pump

Air stone

Tubing for the pump

Growing media (optional

= =2 =4 _-8_-9_-9_-°
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Figure 650T-59. Diagram of a Water Culture System

Floating Platform
with Plants
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Air
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c. Ebb andFlow Hydroponics The éb andflow hydroponicssystem, or
flood and drain system, &n active, aggregate, and closed system. There
are afew different types of ebb drflow systemsncludingsingle flood
tray, multiplecontainer and surge tank.he system works by
periodicallyflooding the growing tray with nutriesolution then
quickly draining it back into thautrient reservoifFigures 650T-60 and
61). The flooding is accomplishedith a submerged punmgnd a
connected timefThe timer turns the pump ofilling thegrowing tray
with nutrient solutionWhen the timer shuts the pump,dffe nutrient
solution flows back into the reservoirhe timer turns the pump off and
on throughout the dayalsed on the size and type of plants, temperature
and humidity and the type of growing medium used
(1) A variety of growingmediums can be usedth theebb andflow
system.The entire grow tray can be filledtherwith growing
medium @grow rocks, gravelor granularockwool) or individual pots
of growing mediumuUsing individual pots makatseasier to move
plants around or in or out of the systéfowever,in certain types of
medum, the roots can dry out quickly when the watering cycles are
interruptedInterruption may come frorpower outagepump or
timer failures. Growing media that retains more wakalp minimize
the effectsof interruptions.

(2) A typical ebb and flow system includtése following
1 Hood tray
1 Water pump
1 Fill and drain tube
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Fill and drain fittings and extensions
Perforated plant buckets

Reservoir

Growing media

Timer

Filter material

= =4 =4 -8 -8 -9

Figure 650T-60. Ebb and Flow System
Fill/Drain
Fitting

v V¥ ¥

NI AL 1

Overflow

I
8
Grow tray Solution returns to
ervoir via fill tube
/ /Pump
Reservoir o

Figure 650T-61 Ebb and Flow Table
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d. Drip SystemRecoveryandNon-Recovery The most commotype of
hydroponic system ithedrip system Drip hydroponics is categorized as
anactive, aggregategystemandcan beeither open or closedlutrient
solutionis applied at the base of each pldmbugh an emitter or dripper
(Figure650T-62). The sdution caneitherbe appliednanualy or usinga
timer to turn thgoump on and off aherequired application time.

(1) In arecoverydrip system,the excess runofind drainagés collected
in the reservoir for reus&his system uses nutrient solution more
efficiently, thus not requiring as much acauay as far as application
time. Less expensive time&may be usetb controlthe watering
cycles However, reusing the water can greatly affect the pH of the
nutrient solution, so recovery systems require periodic checking and
adjusting of the pH and nutrient strength levels.

(2) Thenon-recoverysystem does not collect tmanoff but instead
applesjust the right amount of nutriesblution This requiresa
more precise timer so that watering cycles caadoeiratelyadjusted.
Because the nutrient solution is not recycleds maintenance is
requiredandthenutrient strength and pH of the reservoir will not
vary. The only timepH needs to behecked is whemixing a new
batch of solution tdill the reservoir.

(3) A typical drip system includethe following

Floodtray

Reservoir

Perforated plant buckets

Drip fittings

Tubing

Drip emitters

Water pump

Growing media

Air pump

Airstone

Rock pebbles

=4 =2 =0_-0_49_9_95_45_24_-°9._--2-
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Figure 650T-62. Hydroponic Drip System

Multi-outlet drip

emitter/manifold Drip lines

Grow tray
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e. Nutrient FilmTechniqug NFT). NFT hydroponicsarecategorized as
active, liquid, and closed systenmiypically, whenthinking of
hydroponie, this is thesystemthatmostcomes to mindFigure650T-
63). The pumfills the growing traycausing a constant fhal of nutrient
solutionto flow over the plant rootthen drairback into the reservoir to
be recycled agaimNo timeris required for the pum@nd most oftemo
growing mediunis used other than air, Sag the expense of replacing
the growing medium after every crdpmall plastidbasketsupportthe
plantwith the rootgyrowinginto the nutrient solutiorBecause there is
no growing medim, e rootsquickly dry outif the flow of nutrient
solution is interruptednakingpower outages or pump failurdse
biggest vulnerability foan NFT system
(1) A typical NFT system includethe following

Reservoir

PVC Pipe growing gullies

Supportingtrellis and hangers

Water pump

Air pump (optional)

Airstone (optional)

Net pots

Delivery tube

Drainage tube

=4 =4 4 -8_-5_9_9_°9_-2°
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Figure 650T-63. Nutrient Film Technique
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f. AeroponicSystem The aeroponisystemmay be considerethe most

high-tech hydroponisystem(Figure650T-64). Aeroponic systems

seldom usagrowing mediunother than airThe plants are supported

thattherootshang in the airA nutrient solution is thefrequently

sprayed on the roots to keep them maisting is usually done every
few minutesLike NFT systems, &vingthe roots exposed to the aan
create a big disadvantagehe misting cycles are interruptefleroponic
systerrs use a pump to supply the nutrient solution asitineed ahigh-
guality timerto cycle thepump for a few seconds every couple of

minutes.
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Figure 650T-64. Aeroponic System
Mislt
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Nutrient
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g. Atrtificial SubstratesThere arenanyinorganic and organic substrates
suitable for hydroponic and aquaponic crop produdtancan be used
with great succes®roducersnterested in miniming the endof-life
environmental impacts of the growing substratey consider different
organic materials on the marketowever, if doing sothe design may

need to consider some facto@rganiecbased substrates can contribute to

the organic carbon load in a system, which can negatively affect
biological filtration, water quality, and fish health. It is important to
considerorganic additions and contents early in design and operation
discussionsi-or more detad on substrates see AppendxiiTypes of
SubstratetJsed forHydroponicsandAquaponics of thissubpart

650T.8 Lighting

A. Lighting in Urban Agriculture

1. NRCS typicallyis notinvolved in the lighting designThefollowing section
givesbasic knowledgéor light in an urban agriculture settinGupplemersl
lighting, of the effect orthe designother variousight requrementsand
availablelighting optionsshouldbe consideredEnergy efficiemy is also a
concernto keep in mindMore detailed information on lighting may be
found inAppendix E fiLighting Details of thissubpart

2. Light is themainsource okenergyfor plants andit is important to monitor
the type and amount of ligtitatplants receive. Each dag plant needa
certain amount of light to meet basic biological needs. Bgugof plant
requires different intensity levelsquality of spectrumand photoperiods
(amount of time the light is availabléhtensity affects the overall yield of
the plant. The spectrum affects
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photoperiod affects growth stages of the plardinly flowering and the
reproductive process.

3. The most common way to measarglans lighing needs is to calculatbe
daily lightintegral (DLI), which measures the cumulative light energy in a
specific range that a surface receiirea day. The DLI cadetermine
whether a particular location receivasoughlight for optimal plant growth
This is especially necessédryr controlledenvironmentagriculture (CEA)
situations duetotheeverhangi ng sunl i ght exposure.
flower development depend on meeting the proper DLI requireniéths.
DLI drops below the plars optimal lightingrequirementsartificial light is
neeadto make up the shortfalbfometypical DLI values for various crops
aregiven inFigure650T-65.

Figure 650T-65. Typical DLI Range for Various Crops

Crop DLI range
Seedlings 6010
Vegetative cuttings 6010
SmallHerbs 10012
Leafygreens 12+
Cucumber 20030
Peppers 20630
Eggplant 20030
Tomatoes 22030

4. The specific light range that DLI meassire known as the
photosyntheticallyactive radiation (PAR) range. The wavelengths that most
plants optimally grow in ishe 400- to 700-nanometewavelength. Sunlight,
without any atmospheric absorptigmpvides light in the PAR rangeror
greenhouses aratherCEA settings, artificial lighting for plants neeits
mimic (as much as possibleynlight and fall within the PAR range.

5. Recent research has shown that plants benefit from a broader range of light
wave lengths known as Plant Biologically Active Radiation (PBAR) that
encompasses the spectral range fromt@&00nanometersPBAR includes
the PAR band from 40® 700nanometersas well as somef theultraviolet
radiation bandn the280to 400nanometerangeand the infrared radiation
band of 70@o 800nanometersResearch indicates thdapts seem to
benefit from the additional wavelengtisgure 650T-66).

6. There are three types of photoperiods: sdast, longday, and dayneutral.
For indoor plant growth, the photoperiod can be controlled with lighting and
does notlwayscorrespond witloutdoorseasons.
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Figure 650T-66. Wavelength and Colors of the PAR and PBARRange

650T.9 Operational Management

A. FoodSafety

1. The following sectionsliscussggood agricultural practices (GAPaccording
to FDA and USDAguidelinesespecially asheyrelateto food safety. GAPs
are seps to prevent efarm contaminatiorof fruits and vegetablesuch as
salmonella pathogenic Ecdli, listerig viruses andparasitesTheyare
common sense recommendations that protect constimer$ood
contaminatiorand protect the urban agriculture farm business from the
economic consequences of food contaminatimaddition,producers must
follow theFood Safgt and Madernization Act asappropriateas well agany
laws and regulationsggarding food safety standards.

2. GAPs and Food Safety

a. Produce safety is critical and affeelsfruit and vegetable grower
becauseheir farms producéod that consumers will eat.

b. Growers are the major decistomakers for their farms because only they
know their dayto-day activitiesfrom production practices to who works
on the farm, andll other details involved in running a successful
business. For this reason, growers need to be involved in assessing food
safety risks and developing the farm's food safety plan.
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