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650T.0  Introduction  

A. Purpose and Scope 

1. The purpose of this subpart is to provide engineers, planners, and technicians 

with a guide for project planning, design considerations, and installation of 

urban agricultural systems. An urban farm comes with unique challenges and 

opportunities. The design of urban systems may include many conservation 

practices used within traditional or rural agricultural systems. This subpart 

on urban agriculture is national, broad, and introductory in scope, and may 

be supplemented with regional and local information. 

2. A resilient food system includes a wide variety of agricultural systems at all 

scales. Using different types of agricultural systems can optimize production 

under certain site-specific conditions. Planning, design, and installation 

efforts must consider the site conditions, available resources, participant 

needs, and crops to be grown. Urban agriculture may take many different 

forms and as such, providing technical assistance may require a holistic 

approach to implementing NRCS conservation practices successfully and 

sustainably. 

B. Background 

1. The term ñurban agricultureò is not easily defined. At the time of the 

development of this subpart, there is no formal definition of ñurban 

agricultureò within the USDA. Urban agriculture can manifest in many 

forms such as backyard and balcony gardening, community gardening in 

vacant lots and parks, warehouses, high tunnels and greenhouses, roadside 

peri-urban agriculture, and livestock grazing in open space. Vast varieties of 

crops and plants can be grown in these systems. Examples of such may be 

leafy greens and vegetables, mushrooms, medicinal and ornamental plants, 

and fruit trees. Animal and livestock options in urban agricultural setting 

typically include arrangements of chickens, fish, goats, and honeybees.  

2. The use of small urban gardens to address food needs is not a new concept 

and has long been part of the urban landscape. Some of the most noteworthy 

examples include what were called ñvictory gardens.ò In World War I and 

World War II, slogans such as: "Food will win the war" and "Sowing the 

seeds of victory," encouraged the general population to become involved in 
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food production efforts close to home. Figure 650T-1 below shows a vintage 

USDA poster promoting gardening. 

Figure 650T-1. USDA Poster of  Uncle Sam Encouraging Gardening  to Cut Food 

Costs (circa 1917)  

 

3. Estimates suggest 15 percent of the world's food is grown in urban areas.1 

The rapid growth of urban agriculture comes with many advantages. Urban 

farming can make maximum use of available space or, as in the case of 

vertical farms, use 1/10th of the space that conventional farms use. It can also 

provide a shorter supply chain because it is grown closer to the consumer. In 

the case of controlled environment agriculture (e.g., greenhouses and vertical 

farming), there could be more control over unpredictable weather conditions 

and seasonality. 

C. Community Benefits 

1. Nutrition. Urban agriculture offers increased access to healthy, locally 

grown, and culturally relevant food. 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 health.2 Research shows 

that working with plantsðand putting our hands in the soilðprovides 

outdoor physical activity, induces relaxation and reduces stress, anxiety, 

blood pressure, and muscle tension.3 

3. Economy. Urban agriculture can provide an additional source of income for 

gardeners and livestock producers, and it can cut family food costs. The 

harvest can be used for the growerôs own consumption or for direct 

marketing business models. This may include economic paths such as 

farmers markets, restaurants, roadside stands, community-supported 

agricultural boxes, u-pick stands, on-farm direct sales to the consumer, and 

even selling at the commercial retail scale. These economic opportunities 

may also provide job training and jumpstart other small businesses in the 

community. 

4. Community. Urban farming can add 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 other.4 In the community, urban 

farms can offer critical opportunities for youth leadership, intergenerational 

collaboration, and cross-cultural learning. 

5. Environment. Urban agriculture can improve environmental health and 

climate resilience in the face of increasing storms and heat. Reducing 

compaction and increasing soil health in urban agricultural lands can 

increase the absorption of rainfall, which helps to prevent stormwater from 

overloading storm sewer systems and polluting waterways. Urban agriculture 

can provide cover and habitats for pollinators like bees. Natural landscapes 

also absorb less radiant heat than buildings, roads, and other structures. 

Increasing vegetation and tree cover can keep city neighborhoods cooler, 

minimizing impacts of accumulated radiant heat. 

D. Controlled Environment Agriculture 

1. Controlled environment agriculture (CEA) encompasses a variety of farming 

system types designed to optimize growing conditions for crops and prevent 

disease and pest damage. CEA can range from shade structures, low and high 

tunnels, and greenhouses to aquaculture systems or indoor and vertical 

farms. CEA is typically associated with fully automated, closed-loop 

production systems with controlled lighting, irrigation, and ventilation. 

However, common practices such as plastic film over field-grown crops, nets 

or shade structures, and aquaponics systems that integrate fish or aquaculture 

are also forms of CEA.  

 
2 Jonathan S. Kaplan, Plants Make You Feel Better, https://www.psychologytoday.com/us/blog/urban-

mindfulness/200903/plants-make-you-feel-better (Mar. 11, 2009). 
3 See id. 
4 Food and Agriculture Association, supra note 1. 

https://www.psychologytoday.com/us/blog/urban-mindfulness/200903/plants-make-you-feel-better
https://www.psychologytoday.com/us/blog/urban-mindfulness/200903/plants-make-you-feel-better
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2. Aquaculture, hydroponics, and aquaponics are typical forms of CEA 

designed to produce crops year-round in urban agriculture systems. These 

systems are housed in buildings, 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 dosing, and protection from pests. The sections below describe 

examples of CEA systems. 

650T.1  Types of Urban Agricultur e 

A. Community Gardens 

1. Community and traditional gardens, patterned after the victory garden 

concept, have grown in appeal as more urbanites desire to have organic, 

locally grown produce. Typical production size is 100 square feet to an acre. 

Topographies tend to be slightly sloping to level. Soil types tend to be 

previously disturbed from development for urban purposes. Several example 

community gardens are shown in Figure 650T-2. 

2. Gardeners represent a cross section of the community. They have varying 

knowledge of horticultural practices that can even include indigenous 

practices from local and distant lands. Their source of knowledge can come 

from many places such as oral history, gardening books, and extensions of 

help from universities and non-profit agencies. They may be organized as 

individual gardeners, cooperatives of gardeners, or for-profit corporations. 

Many of the gardens are sponsored by nonprofit organizations that work with 

a variety of federal, state, and local partners. Establishing community 

gardens in cities not only promotes urban agriculture but also may promote 

social and environmental stewardship. 
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Figure 650T-2. Example of Community Gardens 

 

B. Peri-Urban 

1. Peri-urban agriculture is defined by the Food and Agriculture Organization 

(FAO) of the United Nations as "agriculture practices within and around 

cities.ò5 This includes rural or semi-rural lands that fall along the fringe of 

the urban land. These can provide larger-scale plots and often allows for 

animal production. Commercial peri-urban livestock production is an 

extremely fast-growing sector, representing 34 percent of total meat 

production and 70 percent of egg production worldwide.6 Such agriculture 

can also provide valuable work experience for young people (Figure 

650T-3). 

2. A typical peri-urban production area ranges between 1 and 30 acres. Terrain 

tends to be slightly sloping to level to provide better field operations. 

Production may be done with hand tools and small engine-powered 

machines; however, small tractors are also common. Structures that help 

extend the growing season are also common. Harvesting operations can be 

extensive and should be considered during planning stages. Processing may 

 
5 Food and Agriculture Organization, Urban and Peri-Urban Agriculture Sourcebook ï From Production 

to Food Systems (2022). 
6 Food and Agriculture Organization, Special Programme for Food Security, Urban and Peri-Urban 

Agriculture (2001). 
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occur on site which means water and wastewater, availability of electricity 

and permanent structures should also be considered in planning. Irrigation is 

required to ensure production when there is not enough rain, especially for 

high tunnels and greenhouses. 

Figure 650T-3. Examples of  Peri-Urban Agriculture   

 

C. Green Walls  

1. Green walls, also known as edible walls, are vertical structures with different 

types of plants or crops attached to them (Figure 650T-4). They can be found 

in a variety of public settings such as parks or on the outside or inside of 

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 

usually have built-in irrigation systems.  

2. Green walls can be categorized into several groups and subgroups, such as 

living walls and green facades. Living walls differ from green facades in that 

green facades are often seen on the outside walls of buildings, using the 

walls as structural support. In living walls, the growth medium is on the 

surface or structure of the wall, whereas green facades are rooted in the 

ground. Moreover, the green facades may take a much longer time to grow 

enough plant material to cover an entire wall, while living walls may be pre-

grown and installed as a whole (Figure 650T-4). 
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Figure 650T-4. Green Wall Example and Conceptual Design 

 

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 their plants reduce 

the overall temperatures of buildings when exposed to the sun during 

summer months.7 

b. Research has shown the transpiration process of plants may slightly 

reduce temperatures indoors as well, which may also increase energy 

efficiency.  

c. When plant matter is thoroughly dense, it can act as an insulating barrier, 

which may reduce transient noise levels in buildings.  

4. Growth Media of Green Walls 

a. The plants of green walls need a growth medium into which they may 

root. The growth medium is 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 structures, and plants must be selected systematically to 

work with the specific design in hand. 

5. Plant Selection of Green Walls 

a. The primary components of green walls are the plants. Different types of 

vegetation can be used; however, there may be restrictions to plant 

selection depending on the type and purpose of the green wall.  

b. When selecting plants for a smart and active green wall, pay extra 

attention to the resilience of the plants. Location and available 

 
7 Marc Ottelé, Katia Perini, A.L.A. Fraaij, E.M. Haas & R. Raiteri, Comparative Life Cycle Analysis for 

Green Facades and Living Wall Systems, 43 Energy and Buildings 3419 (2011). 
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technology have an important impact on the selection of plant species. 

Parameters like drought tolerance, air circulation growth media, and 

access are also important. 

6. Irrigation of Green Walls 

a. The irrigation systems of green walls are typically either recirculating or 

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

distributing it from a built-in tank. The tank can be either filled manually 

or connected to a buildingôs water supply. 

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 drain or another appropriate 

disposal site. 

D. Rooftop Farming 

1. Rooftop farming produces crops in restricted volumes of soil on rooftops.8 

Rooftops tend to have adequate exposure to sun, are partly or entirely 

unused, and are everywhere regardless of the size of urban setting. 

Rooftopðor even balconyðspaces offer opportunities for all forms of 

lateral and vertical garden farming, and potentially even greenhouse 

establishment. Rooftop gardens (Figure 650T-5) help reduce local levels of 

CO2, remediate storm water runoff, and provide vegetables for local use or 

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 Duquesne Scholarship Collection). 
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Figure 650T-5. Rooftop Garden on USDA South Building in Washington, DC 

 

2. There are several considerations to be made before converting a rooftop or 

balcony to accommodate small gardens, greenhouses, or other urban garden 

technologies. Some of these considerations may include regulations, 

integrity, irrigation, drainage, and safety. 

a. Regulations. An important consideration is to contact the city to see if 

there are any local building codes prohibiting rooftop gardens and if the 

building owner prohibits placement of urban gardens on the rooftop.  

b. Structural Integrity. Regardless of the building ownership, the roof must 

be analyzed to determine how much weight it can support. Roofing 

material must also be evaluated to see if it can withstand the increased 

traffic, garden technology additions, and the increased moisture inherent 

to gardening conditions. Raised beds or large gardening pots suitable for 

the backyard can add an excessive load on the roof, so the construction 

material for the beds and the containers are important. Fiberglass or light 

metal or plastic planters are good, light alternatives. Growing mediums 

within rooftop gardens, such as recycled materials or compost that are 

lighter than soil, can also reduce the weight. The goal should be to keep 

the load as low as possible and well within the limits of the roofôs 

capacity. All structural and weight considerations will require a 

discussion with an engineer to secure reliable estimates of the roofôs 

weight-bearing capacity and its water-tight surface composition. 

c. Irrigation. Most crops will likely require daily irrigation in most climates, 

especially in the summer, except after rainfall events. Daily irrigation is 
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especially important for plants in rooftop greenhouses or under high or 

low tunnels, as they get no rainfall benefits. In addition, access to treated 

city water for irrigation purposes may be costly. Often, this can be offset 

by a rainwater capture system. Using grey water may also be an option. 

d. Drainage. Drainage is an incredibly important factor in rooftop 

gardening. The rooftop layout of the gardens must not impede free flow 

surface runoff due to rainfall and irrigation. Changes to drainage patterns 

could lead to puddling, or even flooding and building collapse if drains 

are blocked. 

e. Safety. In designing rooftop gardens, there are many safety 

considerations to make, such as installing adequate railing and 

minimizing fire hazards. As such, designing any rooftop garden 

technology requires careful attention and adherence to local fire and 

building codes. Additionally, plant selection in rooftop gardens should be 

considered carefully. For example, the higher the roof, the higher the 

potential for wind to impact taller, swaying plants more than their 

bottom-heavy, squatter counterparts. Urban settings also suffer from 

elevated heat due to the heat island effect; thus, some shading and plant 

protection may be necessary. Safety considerations are always a priority. 

However, to avoid unnecessary eyesores, the designer should try to 

implement safety designs that considers visual appeal and aesthetics. For 

example, wind breaks help with both protecting against the wind and 

hiding unattractive settings. 

E. Hydroponics 

1. Hydroponic culture is a variant method of crop production. It is the process 

of growing plants in nutrient solutions (water with added fertilizers) using a 

soilless media that provides support for the plant and roots. Crops are grown 

in different hydroponic system types based on plant physiological needs and 

the operational requirements of the facility the system is housed in. As with 

traditional gardening and agriculture methods, hydroponic systems must 

provide crops with proper growing environments.  

2. In a hydroponic system water, nutrients, and oxygen are provided to the 

roots, while the shoots receive light and carbon dioxide and are maintained 

in conditions that facilitate the transpiration process. While there are 

variations in hydroponic crop system architecture, there are three basic 

archetypes. They are generally categorized by nutrient solution 

administration: constant flow, intermittent flow, and air-based systems. Each 

one offers distinct advantages for different crops and requires specific 

engineering design parameters for proper implementation. For more 

information on design and operation of hydroponic systems, see section 

650T.7, ñIrrigation Benefits,ò of this subpart. 

a. Constant flow systems are designed to constantly immerse the roots with 

a nutrient solution using methods such as deep-water culture (DWC) and 

nutrient film technique (NFT). 



210 H 650 Subpart T (amended August 2024) 11 

b. DWC systems consist of ponds that are typically 9 to 12 inches deep and 

use floating rafts to support crops above the water surface while allowing 

the roots to remain fully immersed in a constantly circulated nutrient 

solution. Aeration of the rootzone in DWC systems is typically achieved 

using a separate air delivery system with low-pressure blowers (e.g., 

regenerative blowers, linear air pumps) and is distributed evenly in the 

ponds using air diffusers. Loss 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 of covered channels, many of which resemble 

gutters, where plants are placed in. A constant flow of nutrient solution is 

applied to the plants as a thin layer (or film). Aeration of the rootzone in 

NFT systems is achieved through the constant movement and gas 

exchange across the thin layer of nutrient solution and the direct 

exposure of roots to air in the channels. Loss of water flow in NFT 

systems may cause wilting very quickly as there isnôt any media or water 

reservoir in the rootzone. 

d. Intermittent flow culture systems administer the nutrient solution 

periodically using drip emitters or by flooding the rootzone to provide 

crops with fertilizer and irrigation water, an irrigation method termed 

ñfertigation.ò The time between irrigation or flooding events allows for 

re-aeration of the rooting medium which is necessary for plant 

physiology and microbial management in the rooting medium. 

e. Drip emitter systems follow the Irrigation System, Micro-Irrigation 

(Code 441) conservation practice standard for the ñMultiple Outlet Dripò 

practice scenario using a fertigation strategy instead of clear water for 

irrigation. Drip systems may administer nutrient solution into individual 

containers filled with soilless media or slabs of plastic-wrapped substrate 

(typically measuring 9 to 12 inches wide by 3 to 6 inches deep by 4 or 

more feet long) where a rooting medium (substrate) is contained in 

plastic wrap. Crops are directly planted into the substrate by cutting holes 

in the plastic, and excess nutrient solution drains out of the bottom of the 

slab through drain holes. 

f. Reciprocating flood and drain systems follow the Irrigation System, 

Surface and Subsurface (Code 443) conservation practice standard for 

the practice scenarios relating to ñFlood Floor Irrigationò and ñFlood 

(Ebb and Flow) Bench Irrigation.ò Reciprocating systems flood a basin 

with nutrient solution to soak the growth media being used. The basin 

may hold individual containers or trays of the media in which crops are 

planted or directly hold the media itself such as gravel, sand, perlite, and 

ceramic spheres. Media-filled basins require more operational 

maintenance than the individual containers to prevent clogging the media 

with microbial biomass and plant roots. Reciprocating systems using 

flooding systems are more typical of commercial operations, while 

media-filled basins are typically used in smaller homestead operations.  

g. Air-based culture systems are commonly referred to as ñaeroponics.ò 

Crops grown in these systems are first rooted in soilless media and then 
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transplanted to structures where the roots are housed within a closed 

environment. Nutrient solution is then either sprayed or splashed onto the 

roots as the sole means of fertigation. Aeration and fertigation happen 

simultaneously in these systems as the roots are exposed to the air 

constantly. The two most common forms of aeroponic systems are 

pressurized misting systems and splash towers. 

(1) The pressurized misting systems deliver nutrient solution to roots 

enclosed in a contained environment, where the nutrient solution is 

sprayed using low or high-pressure misting spray nozzles. 

(2) Splash towers pump fertigation water to the top of a crop growing 

tower. Crops are inserted into holes in the walls of the tower along 

the vertical axis on all sides. The fertigation water flows through a 

diffuser grate and then splashes down on the roots of the crops before 

accumulating in the pumping reservoir. The system then filters out 

solids from the water before recirculating the nutrient solution. 

(3) If the flow of water is lost in aeroponic systems, crops may wilt 

quickly as these systems do not provide a reservoir of nutrient 

solution in the rootzone. The operation and maintenance for these 

systems must include regular checking and cleaning of spray nozzles 

and monitoring the filtration and required operating pressures for the 

pumping systems. 

3. Substrates and Media 

a. Organic media (e.g., coir, peat, wood fiber) 

b. Inorganic media (e.g., sand, rock, gravel, perlite, rigid foams, rockwool) 

c. For detailed information on substrates, see Appendix D, ñTypes of 

Substrates Used for Hydroponics and Aquaponics,ò of this 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 include carbon, hydrogen, oxygen, 

nitrogen, phosphorus, and potassium. Secondary nutrients, also known as 

micronutrients, are required in smaller amounts and include calcium, 

magnesium, sulfur, boron, iron, copper, chlorine, manganese, 

molybdenum, and zinc. Although cobalt, nickel, sodium, and vanadium 

are not considered essential nutrients for plant growth, they can still 

benefit the growth and development of certain plants. All these nutrients 

can come from either organic or inorganic sources. 

b. In hydroponic systems, plants are grown in a nutrient water solution 

instead of soil. The nutrient water solution provides water, oxygen, and 

essential mineral elements to the plants in soluble form, which are 

absorbed by the roots in ionic form. Thus, unlike plants grown in soil-

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., aeroponics). There are multiple approaches to designing hydroponic 

systems, but the core elements are essentially the same. 

a. Fresh water. Most plants thrive in water with a pH level of around 6 to 

6.5. The acidity of the water can be adjusted with products found at local 

hardware, garden, or hydroponic stores. 

b. Oxygen. In traditional farming, roots receive oxygen needed for 

respiration from air voids in the soil. Hydroponic systems, however, must 

provide oxygen through different means. Depending on the hydroponic 

system, oxygen is delivered by putting air space between the base of the 

plant and the water reservoir or using an air stone (i.e., porous stone 

hooked to an air pump) to continuously oxygenate the water. 

c. Root Support. Even though a hydroponic system does not need soil, the 

plantôs roots still need a substrate to support the plant. The soil substitute 

must provide ample water-holding capacity but be porous enough for gas 

exchange. Typical materials include vermiculite, perlite, peat moss, 

coconut fiber, and rockwool. Materials that might compact (like sand) or 

that donôt retain any moisture (like gravel) should be avoided. 

d. Nutrients. Just like plants grown in soil, hydroponic plants typically need 

many nutrients (e.g., nitrogen, phosphorus, potassium) to stay healthy 

and productive. When plants are growing without soil, nutrients must be 

applied through the water.  

6. Controlled Environment Agriculture (CEA) is agriculture independent of 

external climate and weather conditions. It is an advanced and intensive form 

of hydroponically based agriculture where plants grow within a controlled 

environment to optimize horticultural practices.9 CEA is a combination of 

horticultural, plant pathology, entomological, plant physiology, and 

engineering techniques all controlled to promote crop 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 layers and can range anywhere from a single 

layer to ten or more layers. Vertical farming can be used for optimizing 

production in a CEA system by using soilless growing techniques and 

controlling other environmental factors such as light, temperature, and 

humidity.  

a. In a horizontal plane growing system, growing trays lie flat and stacked 

above one another, forming the vertical system. This type of system often 

 
9 Cornell University, Controlled Environment Agriculture, https://cea.cals.cornell.edu/ (last visited Feb. 9, 

2024). 

https://cea.cals.cornell.edu/
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requires a lift or ladder to care for all rows in the stack. Using lifts or 

ladders can be cumbersome and expensive and may slow the operation 

(Figure 650T-6). 

Figure 650T-6. Horizontal Row Layout 

 

b. Vertical plane growing systems use columns with small cubicles to grow 

the plants in. This system does not need beds, making more efficient use 

of space. Aisle widths can be more flexible. and wheels can be attached 

to the columns, which allows them to be arranged into multiple layouts in 

limited spaces. Some vertical column arrangements may have rotating 

bases which allows access to all levels without using equipment such as 

lifts. 
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Figure 650T-7. Vertical Row Layout 

 

c. Vertical farming systems can be further classified by the type of 

structures that house the system. 

(1) Building-based vertical farms are often housed in abandoned 

buildings and can also be housed in newly constructed greenhouses.  

(2) Shipping-container vertical farms are constructed and operated out of 

40-foot shipping containers, normally used for shipping goods around 

the world. The shipping containers are refurbished into self-contained 

units, complete with LED lights, drip-irrigation systems, and 

vertically stacked shelves for growing a variety of plants. These self-

contained, highly mobile units have computer-controlled growth 

management systems that can be monitored remotely from a smart 

phone or computer. 

d. There are many environmental and social benefits of vertical farming, 

such as: 

(1) More Efficient Land Use. Vertical farms can be established in big 

box stores or other abandoned urban real-estate. The vertical nature 

of these farms requires less of a footprint. 

(2) Continuous Crop Production. Because of the controlled environment, 

vertical farming can ensure the production of crops year-round in 

varied climate regions. 

(3) Elimination of Herbicides and Pesticides. The controlled growing 

conditions can provide isolation from pathogens creating an 

environment that may reduce or eliminate the need for pesticides or 

herbicides. The controlled environment also provides more 
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opportunity to use biological means when dealing with certain 

infestations. 

(4) Protection from Weather-Related Variations 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 Recycling. Studies have shown hydroponic 

growing techniques used in vertical farms require anywhere from 28 

to 95 percent less water than greenhouses or traditional agriculture.10 

(6) Less Transportation Costs. Crops may be used locally, reducing the 

shipping distance to a 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 expensive. Abandoned warehouses, derelict areas, or 

Superfund sites may offer less expensive opportunities but can 

require costly environmental cleanup to make the site usable. 

(2) Energy Use. The energy consumption necessary for artificial lighting 

and climate control used in 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 to be manual 

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 Species. Crops grown in vertical farms tend 

to lean toward high-value, rapid-growing, small-footprint, and quick-

turnover crops, such as lettuce, basil, and other leafy green items. 

Slower-growing vegetables, as well as traditional field crops, are not 

as profitable in the vertical farm setting. 

(5) Pollination Needs. Pollination is a major concern for vertical farming. 

Because insects are usually excluded, crops requiring insect 

pollination may need to be pollinated by hand, increasing staff time 

and labor costs. 

8. Aquaponics is a subset of hydroponics. Essentially, aquaponics is the 

combination of aquaculture and hydroponics. As defined by the USDA, 

aquaculture itself is the practice of producing aquatic organisms under 

controlled agricultural conditions. Therefore, in most aquaponic systems, 

 
10 Luuk Graamans, Esteban Baeza, Andy Van Den Dobbelsteen, Ilias Tsafaras & Cecilia Stanghellini, 

Plant Factories versus Greenhouses: Comparison of Resource Use Efficiency, 160 Agricultural Systems 

31 (2018). 
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there is a combined practice of controlled aquatic animal (likely fish) 

production in a hydroponic crop production system. The waste from the 

raised animals in the system is then used as a nutrients and fertilizer, or an 

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. An important feature to note of an aquaponic system is that it is a re-

circulating system (Figure 650T-8). In this recirculating system, nutrients 

and water are passed through filters repeatedly. However, excessive 

nutrients, pathogens, and other various particulates may build up as waste 

within the system. As such, this requires the system to go through 

periodic flushing, which can lead to waste disposal issues. Within a 

recirculating system, this generally means that a percentage of the water 

is removed and replaced with clean, fresh water. In some cases, this 

routine flushing may occur on a daily schedule. 

Figure 650T-8. Aquaponic System Diagram  

 

b. An aquaponic system may be simple or complex and can involve many 

practices on how they are designed and built. The complexity of any 

given aquaponic system depends on the nature of the production facility, 

crops being grown, size of the system, aquaculture species and many 

other factors. Aquaponic systems typically will include animal rearing 

tanks, settling basins, filtration systems, hydroponic basins, and sumps 

for re-circulating filtered water. 

c. Generally, water is pumped up from the fish tank into the grow bed. The 

water trickles down through the media, past the roots of the plants, before 

draining back into the fish tank. In the hydroponic plant sections, there is 
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bacteria that lives on the surface of the grow bed media. The bacteria 

participates in the conversion of ammonia waste from the aquatic animal 

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

ammonia into nitrates is often termed ñthe Nitrogen Cycleò (Figure 

650T-9). The plants extract the water and nutrients they need to grow, 

cleaning the water for the fish as well, and thus completes the cycle of re-

circulation alongside the filtration systems likely in place. 

Figure 650T-9. Aquaponic s Nitrogen Cycle 

 

d. Grow beds filled with a media, such as gravel or expanded clay pebbles, 

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 aquaponics. For example, plants 

may be grown in floating foam rafts that sit on the water surface. 
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e. Vegetables with small root systems can also be grown using NFTs or 

through various other methods using a ñrun-to-wasteò style of growing. 

This is done by removing a percentage of the aquaculture water each day 

and watering vegetables planted in different media such as coir peat, 

vermiculite, and perlite. However, the aquaculture water is not returned 

to the full system and is removed forever. 

f. Many different species of aquatic animals can be grown in an aquaponic 

system, with type and species selection depending on many factors. Such 

factors can include consideration for the type of crops being produced, 

space available for tanks, size of available tanks, ambient temperature of 

the facility, locally available aquatic animal stock, and local and state 

government regulations. 

g. Due to the re-circulating nature of the systems, aquaponic systems may 

use less water than field crop production. 

h. There are different methods of running a media bed aquaponic system. 

One such method involves the grow bed being flooded and drained by 

setting a timer to turn a water pump on and off at certain times. Using 

this method would require a standpipe in the grow bed. Another method 

uses an auto-siphon within the grow bed, which would allow the pump to 

run continuously. A pump may also be constantly run with a 

continuously flooded grow bed using a standpipe in the bed. 

i. There are several ways to start (i.e., ñcycleò) the system One way is 

establishing beneficial bacteria populations in the system to convert the 

ammonia waste from the fish into usable nitrates that the plants use to 

grow. It is beneficial to the new system if the bacteria cultures can be 

seeded from an existing aquarium system.  The beneficial bacteria 

needed to seed the new system can be found in established aquarium and 

aquaculture pond filters and water. A new system will still establish 

naturally without seeding bacteria populations, but it will take a little 

longer. It is recommended to monitor 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 methods which require 

adding different sources of ammonia. A standard test kit for testing pH, 

ammonia, nitrite, and nitrate is best. It is recommended that periodic 

water quality testing be done to ensure optimum performance of the 

system. 

k. There are many things to consider for the 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 tank to provide shelter 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 system: rock media and expanded clay pellets. 
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The advantage of rock media is that it is readily available. Ideally, 

media that is sized in the D50 range (between 8 mm and 16 mm) is 

the most appropriate for use within an aquaponic system. If the media 

is smaller than this D50 range, there will not be much air space 

between the media particles when placed in the bed. If  the media is 

much larger than the D50 range, the surface area is markedly reduced 

and may make planting more difficult. For more information on 

growing media see Appendix D, ñTypes of Substrates Used for 

Hydroponics and Aquaponics,ò of this subpart. 

(a) Local crushed rock or gravel media can have a high pH level. Use 

a test kit to test pH 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 solution is to fill the bottom half of the grow bed with 

gravel or rock and the top half with expanded clay. This approach 

will reduce the cost and weight significantly. 

9. When planting in an aquaponic or hydroponic system, wash the seedlings to 

remove soil or potting mix from the roots before planting to minimize 

unnecessary contaminants to the system. The system should have a wide 

variety of plant maturity levels. For more information on suitable crops for 

aquaponics, see section 650T.3, ñCrops,ò of this subpart. 

10. The type of crops and plants used and produced within aquaponics systems 

depends on the size of the systems. 

a. For a smaller system, it is best to grow plants that require a lower 

nutrient concentration since having fewer fish will  produce less fertilizer. 

Generally, leafy greens and herbs are the best candidates for small 

aquaponic systems. Some common plants for small aquaponic systems 

are leafy lettuce, watercress, basil, kale, spinach, Swiss chard, arugula, 

chives, Pak choi, wheatgrass, and radish sprouts (Figure 650T-10). 

b. A larger scale aquaponics operation can grow plants with higher nutrient 

requirements since having more fish will produce more fertilizer. Nitrate 

and electrical conductivity levels in the water should be monitored 

continuously to ensure the bioavailability of nutrients is optimal. Some 

common plants for large aquaponic systems are tomato, pepper, 

cucumber, cauliflower, beans, squash, peas, broccoli, and cabbage. 

c. Some plants should be avoided due to their low pH, high pH demand, or 

rooting requirements. Such plants include blueberries, mint, and 

chrysanthemum. 
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Figure 650T-10. Leafy Lettuce Aquaponic Production System  

 

11. One of the most important factors in an aquaponic system is the aquatic 

animal being used. Most systems will have cultured tanks of fish. Figure 

650T-11 lists some of the more common species used in aquaponics. More 

information is found in Appendix B, ñCommon Fish Used in an Aquaponics 

System,ò of this subpart. Choosing the right type of aquatic animal is a 

varied process and has many factors to consider, such as: 

a. Different aquaponics systems can have varied environmental conditions, 

affecting which animals may thrive in the system. 

b. The number of aquatic animals that can be safely kept in the system 

depends on various factors such as feed rates, water flows, oxygen levels, 

number of plants, pumping rates, fish species, grow tank capacity, and 

water temperature. 

c. When choosing animals to produce in an aquaponic system, it is 

recommended to start with a lightly stocked system. With a smaller, 

more manageable stock, conditions can be monitored more easily, and 

preventative measures can be taken if any conditions are suboptimal. 

d. Aquaculture pellets are a recommended feed type for most aquatic 

animal productions, especially that of fish. However, the pellet can be 

supplemented with alternate feeds like worms, maggots, black soldier fly 

larvae, and many more. Vegetable additives may be used occasionally 

but should not be grown as they can asphyxiate the fish. 
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Figure 650T-11. Common Fish Used in Aquaponic Systems 

 

12. A backup system to keep the water circulating and oxygenated in the system 

is essential. A 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 battery-operated aerator or to have a generator available in case 

of a system failure. 
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13. Aquaponic systems require frequent monitoring. In some cases, it may be 

recommended to check the chemical levels in the water, the behavior of the 

fish, and the appearance of the plants every day. 

a. It is important to review all water quality indicators before adjusting or 

adding anything to the water, as adverse effects can result from a 

combination of indicators. For example, if a system has a low pH, it can 

be raised by adding lime or other alkaline buffering agents. However, 

high ammonia levels are toxic to fish when both the pH and the 

temperature is high. Raising the systemôs pH without first checking the 

temperature as well  puts the fish at risk of toxic ammonia levels. In 

general, be cautious when adding chemicals or agents based solely on 

water testing. Extreme changes to a system can cause stress to the aquatic 

animal and should be avoided unless necessary. 

b. The conversion process from ammonia to nitrate can be dangerous for 

fish and other aquatic animals. Water quality should be monitored for 

water temperatures, dissolved oxygen, ammonia, and nitrite. 

14. There are a few different methods of dealing with any pests and diseases in 

the system. Petrochemical-based sprays may be 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 the ownership of urban livestock. Common types of urban livestock 

includes: 

¶ Bee ¶ Sheep 

¶ Cattle (beef and dairy) ¶ Rabbit 

¶ Goat ¶ Swine 

¶ Poultry ¶ Waterfowl 

¶ Fish 

2. The benefits of urban livestock include the production of fresh, local food 

products such as eggs, honey, and milk; the important pollination roles 

played by bees; and the companionship and educational aspects of owning 

such animals as pets (Figure 650T-12). However, potential concerns include 

noise, odor, attraction of rodents and other pest, disease, and 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 NRCS Agricultural Engineer Jerry Walker 

3. Most communities regulate urban livestock through animal codes which are 

separate from land 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. Typical regulations include limits on the number of animals per lot, 

minimum lot sizes, setbacks 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 be required 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 kept (Figure 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 pools or bird baths. Typically, beekeepers must obtain a local 

permit in addition to a state license, and local governments reserve the 

right to inspect hives. 
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Figure 650T-13. Beehive in an Urban Setting  

 

b. Urban areas typically do not have large disposal areas for byproducts 

such as animal manure, bedding, and waste feed. Byproducts can be 

disposed of by using them in composting operations as a green organic 

additive and taken to larger operations in peri-urban or rural areas to be 

used as fertilizer. While byproducts can be disposed of in municipal trash 

systems, the lifecycle costs are the most expensive and alternative 

methods of disposal are recommended. Protecting nearby waterbodies 

from byproducts is a concern in planning, design, and operation. 

650T.2  Site Evaluation  

A. Purpose and Scope 

Before selecting a site for an urban garden or farm, a site assessment needs to be 

completed. This is needed to determine if the site is safe from environmental 

concerns, to prepare for major expenses, and to avoid unexpected surprises. An 

Environmental Site Assessment (ESA) Phase 1 (ASTM E1527-21 

Environmental site assessment process -Phase I, 2021) and any soil sampling 

and testing should be conducted. An ESA Phase 1 involves interviews with past 

and present building occupants and owners of neighboring properties to validate 

past uses. An ESA Phase 1 does not involve any testing of things like paint, soil, 

or moisture, though a visual inspection may indicate the presence of hazardous 

materials. Subsequent ESA Phase 2 (ASTM E1903-19 Environmental site 

assessment process ï Phase II, 2019) may be required. The city, county, or state 

may require more environmental testing and permitting. ESA Phase 1 and 2 

inspections must be contracted out to the appropriate vendors. To determine 

whether these site evaluations are needed, consult with appropriate NRCS staff. 

B. Zoning and Permits 

1. Zoning is typically described as a way that local and federal governments 

regulate the physical development of land within a given area. Zoning is 

typically broken into two parts: districts and land use regulations. 
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a. Districts and land classifications are divided into four major categories, 

each with additional subcategories. 

(1) Agricultural 

(2) Residential 

(3) Commercial 

(4) Industrial 

b. Land use regulations are designed to regulate future development. Other 

regulations including Board of Health regulations, Occupational Safety 

& Health Administration (OSHA) standards, or local associations with 

land use rules, such as homeownerôs associations or neighborhood 

associations, might apply to the use of possible locations. 

2. The following are factors in determining property suitability: 

a. What is the siteôs zoning district and related use standards? 

b. Is farming allowed on the site? 

c. Are there city or zoning prohibitions for applicable structures on the 

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

d. What sort of signage is allowed on the site? 

e. Are livestock allowed on the site? 

f. Is the operator allowed to sell produce on the site? 

g. Is there a setback requirement? 

h. Are there accessibility issues, like handicap access or parking and vehicle 

restrictions? 

i. What is the availability of water and power? 

j. Are there grading or drainage issues? 

k. Are there requirements for state and city permits for biological and 

culture restrictions? 

C. Environmental Concerns 

1. When conducting a visual site assessment, be careful of possible 

environmental contamination and follow the NRCS Environmental 

Evaluation protocol and the 2016 USDA Urban Agriculture Took Kit. The 

assessment should determine if an ESA Phase I is needed. 

2. Based on Phase 1 findings, an ESA Phase II may be required. The ESA 

Phase II must be conducted by a professional to determine if more 

environmental testing is necessary to comply with city, county state, or 

federal requirements. When evaluating environmental concerns for a site, 

note structures on the sites and drainage issues such as pooling or runoff and 

damage to adjacent properties. 

D. Urban Soils 

1. Urban soils have most likely been converted from an agriculture use to non-

agriculture uses as suburban sprawls encroached into previously rural areas. 

More often, cropland, grazing land, or wildlife habitat was the primary 

management use. Records (e.g., historic digital photos, maps, local 
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publications) may exist that can help determine the primary management use 

over time. NRCS soil scientists can assist in identifying soil properties. 

a. USDA soil classification may be necessary. 

b. Various soil amendments may be necessary based upon the soil texture 

and crop to be grown on site. 

2. Today, most urban soils are formed from different (i.e., human-altered and 

human-transported) parent materials than natural soils and need different 

considerations for use and management. This is often due to construction and 

demolition activity at the site or surrounding sites. The mixing and addition 

of offsite soils is relatively common in developed areas. Examples 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 and non-soil 

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 and, in some areas, polluted, 

they have potential for urban agriculture if they are assessed, managed, and 

used correctly. 

4. Compaction is an important soil health indicator (Figure 650T-14). Urban 

soils may have been compacted from previous agriculture use. This is 

appropriate for many structural construction purposes, but it can create an 

unsuitable growing medium. Soil compaction is the process by which soil is 

compressed and pore space is reduced. Pore space is where water and air 

move into the soil and where roots can grow through soil. Remediation of 

compacted soil should 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. During any site assessment phases, testing for contaminants should be 

considered to protect the producer, gardener, and the public from health 

risks. Testing should be conducted by trained environmental 

professionals using proper personal protection equipment (OSHA, 

29 CFR § 1910.120, Subpart H, Appendix B). If an ESA Phase II is 

conducted, an 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. Digging should only be done on a site after any assessments are 

completed. Utility , right of way, previous dangerous industrial uses, or 

chemical plants located upstream would be major concerns and are 

potential reasons for soil testing. 

c. The next phase of a field visit is to do an engineering site evaluation. 

Reference NRCS conservation planning protocol for the site evaluation. 

At a minimum, the investigation should include a soil sample done with a 

spade slice (Figure 650T-15). A soil probe may be used instead of a 

spade to examine soil structure. The investigator should look for such 

things as soil quality, compaction, and organics. 
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d. During the site visit, obtain soil samples for testing. Standard testing 

often focuses on soil fertility or soil health, testing such things as soil 

nutrients and pH. These types of tests do not evaluate specific 

contaminants that may be present in urban soils. Do not obtain samples 

for testing soil without proper Hazardous Waste Operations and 

Emergency Response (HAZWOPER) training and personal protection 

equipment. Site remediation should be referred to the appropriate NRCS 

authority. 

Figure 650T-15. Soil Sampling Techniques 
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6. In urban spaces, it is important to test extensively for relevant contaminants, 

fertility , and soil health. Soil contamination can be problematic on several 

levels. Contamination can be caused by any number of things, such 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 soil, and livestock and humans ingesting 

chemicals from vegetation growing in contaminated soil (i.e., 

bioaccumulation).11 Consult with a soil health expert for detailed testing. 

Some of the more common contaminants are shown in Figure 650T-16. 

7. A Portable X-Ray Fluorescence (PXRF) analysis device can help determine 

the concentration of lead and other trace metals onsite, their spatial 

variability, and the presence of any hot spots (Figure 650T-17). It should be 

clarified that PXRF instruments only test for inorganics and metals and does 

not test for organic contaminants. The PXRF instrument can be used after 

environmental due diligence has been conducted and indicates there are no 

organic contaminants of concern on site. Characterizing a site for metals 

contamination can guide decision making on whether there is a need for 

raised beds or alternative land use. An important note is that a PXRF does 

not measure the contamination level for potential consumption. If 

contaminants are detected, levels should be evaluated based on state 

thresholds for safe use under residential bare soil standards. 

8. Environmental consultants may have to conduct a site investigation if 

contaminants, such as heavy metals (especially lead), are found or suspected. 

This would be done during the site assessment phase for environmental due 

diligence. For example, if the site was a dry cleaner, gas station, or another 

industrial use, it might require remediation. In such situations, it may be 

worth considering another site. 

9. The Environmental Protection Agency (EPA) has labeled the expansion, 

redevelopment, or reuse of real property that may be complicated by the 

presence or potential presence of a hazardous substance, pollutant, or 

contaminant a Brownfield Site. Follow the established cleanup guidelines, 

methodologies, and reporting requirements for Brownfield properties. 

10. Current Brownfield and contaminated land risk-based cleanup approaches 

establish cleanup levels based on proposed reuses. For residential, 

commercial, or industrial Brownfield redevelopment, each state has set rules 

and standards for investigations and clean-up activities.12 

 
11 Carl Rosen, Lead in the Home Garden and Urban Soil Environment (2002). 
12 U.S. Envôt Prot. Agency, Reusing Potentially Contaminated Landscapes: Growing Gardens in Urban 

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, zinc, polycyclic 

aromatic hydrocarbons 

(PAH) 

Treated Lumber Lumber treatment f acilities Arsenic, chromium, copper 

Burning Waste Landfill operations PAHs, dioxins 

Contaminated 

Manure 

Copper zinc salts added to animal 

feed 
Copper, zinc 

Coal Ash Coal-fired power plants ; landfills Molybdenum, sulfur  

Sewage Sludge Sewage treatment plants; agriculture 

Cadmium, copper, zinc, 

lead, persistent 

bioaccumulate toxins (PBT) 

Petroleum Spills 

Gas stations; residential, commercial, 

or industrial uses (anywhere an 

aboveground or underground  storage 

tank is or has been located) 

PAHs, benzene, toluene, 

xylene, ethylbenzene 

Pesticides 

Widespread pesticide use, such as in 

orchards; pesticide formulation, 

packaging, and shipping 

Lead, arsenic, mercury, 

chlordane, and other 

chlorinated pesticides 

Commercial or 

Industrial Use 
 

PAHs, Petroleum products, 

solvents, lead, other heavy 

metals (such as arsenic, 

cadmium, chromium, 

mercury, and zinc) 

Dry Cleaners  
Stoddard solvent and 

tetrachloroethene 

Metal Finishing 

Operations 
 Metals and cyanides 

EPAõs Table 1 from Reusing Potentially Contaminated Landscapes: Growing Gardens in Urban 

Soils 
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Figure 650T-17. Example of PXRF Reading and Survey Map 

 

11. The cost of soil testing depends on a variety of factors, including but not 

limited to: 

a. The number of samples tested. More samples will be more expensive. 

b. Whether the samples are analyzed for one contaminant or many. Tests 

for multiple contaminants will be more expensive. 

c. What contaminants are being tested for. Analyses for some contaminants 

are more complex and cost more than others. 

d. The lab being used. Costs vary from lab to lab due to different analytical 

methods and pricing structures. Only certified and accredited labs should 

be used. Collect the samples according to the labôs requirements. 

12. If the site is intended for producing food or feed by planting directly into the 

soil and test results indicate that the existing soil is not safe for gardening 

activities, remediation may be necessary. Consult state environmental 

agencies to determine which remediation technique would be most effective 

for the site. 

a. Many non-remedial options exist for sites with low levels of 

contamination or sites with contamination exposure risks which can be 

controlled by planting above ground. Such methods may include 

installing raised beds (Figure 650T-18) or other containers, green walls, 

or rooftop growing. 

b. More information on remediation and clean-up of sites can be found in 

the EPAôs ñBrownfields and Urban Agriculture: Interim Guidelines for 

Safe Gardening Practices,ò 13 and in NRCSôs Urban Technical Note 

No. 4, Urban Soils in Agriculture. 

 
13 U.S. Envôt Prot. Agency, Brownfields and Urban Agriculture: Interim Guidelines for Safe Gardening 

Practices (2011). 
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Figure 650T-18. Artificial Raised Bed in Dallas, Texas (Soil on Concrete Slab)  

 

E. Other Considerations 

1. Slope. Are there steep slopes (e.g., slopes that are steeper than 12 percent) 

that might cause difficulties with farming activities or access to the site 

(workers, equipment, or public)? Steep sites can be mitigated with terraces or 

retaining walls. However, these solutions can carry a significant cost. 

2. Drainage. Is there good drainage on the property? Does water pond and not 

drain well, affecting access and workability? Is there runoff onto or off the 

property?  Drainage can be mitigated with ditches, diversions, and 

underground outlets. If drainage has been a long-term problem, soil 

properties may have been affected. These solutions can carry a significant 

cost. 

3. Water Source. Does 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 property, how close is the nearest access point and what is the cost to 

obtain water? Will the water have to be treated for excess fluoride and 

chlorine? 



210 H 650 Subpart T (amended August 2024) 34 

4. Sunlight and Shade. The 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 power? Electricity 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 modifications? 

6. Storage. Is there storage available? Storage may be needed for tools and 

storing produce. Can it be built or placed on the property? Is it secure? 

7. Fencing. Is fencing allowed? Is it needed to restrict public and wildlife 

access? 

8. Bathrooms and Parking. If the public will have access to the property, the 

site may need restrooms and parking. Are there facilities on the property? 

Are there locations where parking or restrooms can be installed? 

650T.3  Crops 

A. Crop Types for Urban Systems 

1. Although almost all crops can be grown in an urban setting, some are more 

suitable due to space, labor, and profitability. Commodity crops such as 

cotton, sorghum, soybean, and peanuts are not usually grown in urban 

agricultural locations due to limited space. Urban crop production instead 

typically focuses on 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 variety and should be 

pruned to maintain a desired harvest height and plant health. Obtaining bare 

root stock and the correct varietal is key to reducing pest pressures and 

improving plant production. It is recommended to learn the pollination needs 

and the production timeline that any given crop will require. 

B. Other Considerations 

1. Healthy growth and yields of garden crops depend on a balance of light, 

water, nutrients, air, and temperature. All crops, whether indoor or outdoor, 

will require at least four things: 

a. Light. Light is necessary for plant growth (photosynthesis). This energy 

production system produces sugars in the plant, which facilitate the 

growth of the plant itself. Some plants require more light 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, 

the plant size, and the growing 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 in 

urban gardens. 

c. Nutrients. There are at least 16 essential elements that plants get from 

their root system. These include primary nutrients such as carbon, 

hydrogen, oxygen, nitrogen, phosphorus, and potassium, as well as 

secondary nutrients such as calcium, magnesium, sulfur, boron, iron, 

copper, chlorine, manganese, molybdenum, and zinc. Plant growth is 

compromised if even one element is insufficient. Nutrients can be 

applied either through the soil or water. 

d. Appropriate temperature. Generally, the ideal temperatures for vegetable 

plant growth are between 40°F and 85°F. For warm season crops, a night 

temperature above 55°F is also needed. Temperatures can be affected 

outdoors with row covers for warmth or shade. 

C. Indoor Plant Production 

1. Certain varieties of plants grow best in indoor gardens, especially during 

colder temperatures. It is possible to manipulate the temperature and climate 

conditions as needed when growing plants indoors. However, by choosing 

plants that are more suited to the indoor growing environment, less heating 

or cooling manipulations are needed. Figure 650T-19 lists some of the more 

common self-pollinating crops grown in controlled environment agriculture. 

Figure 650T-20 shows an example of greens grown in a vertical container 

farm. 

Figure 650T-19. Typical Crops for Indoor Production  

Leafy Vegetables  Common Vegetables Herbs 

Swiss chard 

Lettuce 

Radicchio 

Collared greens 

Mustard greens 

Spinach 

Kale 

Pak choi 

Microgreens 

Broccoli 

Cabbage 

Leeks 

Brussels sprouts 

Cauliflower 

Mushrooms 

Basil 

Dill 

Oregano 

Catnip 

Garlic chives 

Rosemary 

Chamomile 

Lavender 

Sage 

Chives 

Lemon balm 

Stevia 

Cilantro 

Mint  

Thyme 
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Figure 650T-20. Greens Grown in a n 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 pollinated manually. Plants that have male and 

female flowers such as melons, cucumbers, and squash are manually 

pollinated by collecting pollen from the male flower using a brush or a 

cotton swab and then dusting the pollen onto the pistils of the female 

flowers. This is labor-intensive and must be done every 2 to 3 days until fruit 

starts developing. 

3. Only a minimum amount of light is needed for seeds to sprout, but an 

adequate light source is necessary once seedlings or plants break through the 

soil. The first true leaves will need a dependable light source to perform 

photosynthesis and create the carbohydrates needed to 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 long-lasting problems and affect yield. 
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a. For plants to grow successfully, they need appropriate periods 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 

containers should be rotated; otherwise, the plants will lean towards the 

light. 

c. There are fewer daylight hours in the winter, thus a supplemental lighting 

source may be needed. A wide array of grow lights are available to 

provide full-spectrum 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 and absorb 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 not take up water. With the water having 

nowhere to go, the growing medium will remain moist, which will 

greatly affect the root growth, possibly causing the plant to suffocate and 

die. 

b. It is 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 provide the air flow needed to help control 

humidity and reduce excess heat created by supplemental lighting. 

c. Plants take in carbon dioxide (CO2) and give off oxygen as part of 

photosynthesis. Outdoor air naturally supplies them with CO2 for their 

nutrient cycle. If the growing space is sealed off, CO2 levels naturally 

decrease. Over time, this limits the plantsô ability to grow, ultimately 

leading to disease and death. Ventilation brings in fresh air and CO2 and 

removes old air that could have an imbalance of CO2 and oxygen. 

650T.4  Protected Agricultura l Systems 

A. Overview 

1. While they may look like traditional greenhouses, high and low tunnels are a 

different type of agricultural technology. Greenhouses are generally 

constructed of glass, plastic, or metal and may be heated and cooled with 

furnaces or fans. In contrast, a high tunnel is an enclosed polyethylene, 

polycarbonate, plastic, or fabric covered structure that typically does not 

have supplemental heating or cooling. High tunnels instead use 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 (Figure 650T-21). High tunnels can be more economical to build and 
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maintain than traditional greenhouses but must be frequently monitored and 

managed to optimize growing conditions, especially for vegetable crops. 

Additionally, soil contamination from preexisting site conditions can be a 

concern. 

Figure 650T-21. Strawberries Growing in a High Tunnel  

 

B. Use of High and Low Tunnels 

High and low tunnels can protect plants from severe weather and allow farmers 

to extend their growing seasons, growing earlier in the spring, later into the fall, 

and sometimes year-round. High tunnel hoop houses allow more control over the 

cropôs quality. High and low tunnels prevent direct rainfall from reaching plants 

and can allow the use of precise tools like drip irrigation to efficiently deliver 

water and nutrients. High and low tunnels also offer a greater ability to control 

pests and can even protect plants from pollen and pesticide drift. 

C. Size of High and Low Tunnels 

A high tunnel structure can cover several crop rows and is wide enough to allow 

crop growth to full maturity. It is also tall enough to allow for spraying, 

cultivation, and harvesting. A low tunnel typically only covers one to two rows. 

D. Low Tunnels  

1. Low tunnels are inexpensive, easy to construct, and 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. They can also be used with 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 (Figure 650T-22). Most low tunnels are 3 to 4 feet 

wide. This works well as it fits above most raised beds. There are also 

6-foot-wide low tunnels for vining crops. 

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

 

3. The hoops can be made from metal conduit, PVC, or even flexible wood. For 

PVC conduit, use Schedule 40 (minimum) ¾-inch diameter pipes, that are 

8 feet long. To make a low tunnel: 

a. Anchor the ends by placing ½-inch steel rebar, 18 inches long, at least 

6 inches in the ground. If 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 apart in parallel rows on 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, as the wood start to age and break down, the 

fasteners may become loose. The lifespan for PVC hoops will be shorter than 

for metal hoops. 
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Figure 650T-23. Low Tunnel with PVC Hoops Attached to Raised Beds 

 

4. Metal hoops can either be purchased premade from many garden stores or 

constructed from a 10-foot piece of metal electrical conduit or rebar. Metal 

hoops are bent into a half circle using a hoop bender to ensure they are 

identical. Depending on the hoop bender, different widths can be created to 

cover the row or rows. Anchor each end of hoop by placing the ends 6 to 

12 inches into the ground. Each hoop should be spaced 5 feet apart in a row. 

5. A top rail of pipe connecting the hoops, or bows, 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 rail 

may also be purchased from garden stores. 

6. See section 650T.4(G) of this subpart for more information about exterior 

coverings used for low tunnels. 

E. High Tunnels 

1. For successful high tunnel crop production, the following factors should be 

considered for design before building. 

a. Tunnel hoop houses are relatively inexpensive to construct compared to 

greenhouses and are very low maintenance once constructed. They are 

easy to erect and can be scaled 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 plants the necessary 

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 also should be 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. East-West: Orienting the hoop house so the long side runs east-west will 

provide the maximum passive warming in the winter months. However, 

this may present cooling problem in summer months. 

b. North-South: Placing the hoop house in a north-south direction favors 

sun penetration during the summer months as the sun tracks from east to 

west, going directly overhead for maximum light penetration. 

c. Summer Winds. Placing 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 Winds. In spring, doors on the windward side of the hoop house 

should be kept closed and well-secured 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 the tunnel. 

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 can protect the hoop house against high winds and heavy 

snows will  extend its life. Take local wind and snow loads into 

consideration for hoop house design. 

d. Hoop houses limit rainfall, so a water source and possibly electricity or a 

power source will be needed. 

e. Security of the hoop house and protection against vandalism may also 

need to 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 needed for specific 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 doors or left open. The most 

common covering is a greenhouse-grade polyethylene plastic that can 

either remain on the structure year-round, be removed during summer to 

reduce heat, or be removed in the winter to allow precipitation to leach 

any salt buildup. The raised hoop-style high tunnel in Figure 650T-24 

identifies key parts labeled with commonly used terminology. 

Figure 650T-24. Key Hoop House Parts  

 

c. The Hoop. A support system of hoops or bows makes up the main 

structural component of high tunnels. These provide support for the outer 

covering and maintain structural integrity against environmental forces. 

The hoop spacing affects the structural strength of the high tunnel. The 

most common spacings are 4, 5, or 6 feet apart. Narrower hoop spacing 

allows smaller diameter tubing to be used, providing better support for 

the polyethylene covering and facilitating shedding of rain and snow. 

However, narrower hoop spacings 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 pass-through doors to framing with 

larger openings for rototillers and tractors. If the high tunnel will be used 

during cold weather, a 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 winds. End walls with polyethylene zip tie entry are an 

available option from some high tunnel suppliers, but are not 

recommended in areas of high winds (e.g., the High Plains) due to the 

risk of premature failure of the tunnel. 

e. Purlins and Girts. Purlins 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 generally made of square 

tube or roll form metals. Girts provide greater structural support for 

polyethylene retaining systems (poly-locks), roll-up wall components, or 

other equipment. They are spaced like 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 rain 

and snow will not get trapped between the purlins. Water is heavy and 

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 bracing can be installed 

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 be selected based on its 

intended use, the desired durability, and budget. 
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Figure 650T-25. High Tunnel Profile Styles 

 

(1) Hoop (or Half-Round) Style. The hoop is the most common high 

tunnel profile and the least expensive. Even individuals with limited 

construction experience can easily build it. It 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 access or standing room along the sidewalls 

depending on the height of the hoop. 

(2) Raised Hoop. The raised hoop design is built by adding a sidewall to 

a regular hoop-style high tunnel. The side walls are created by 

extending the vertical ground posts to the desired height (typically 

36 to 60 inches). By adding side walls, greater 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 roll-up sidewalls because it prevents rainwater 

from draining directly from the roof into the growing beds, which can 

negatively affect plant or flower quality. 

(3) Peaked Hoop. These 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 shedding rain 

and snow more quickly, enabling it to handle more snow loads. 

Peaked hoop structures use a wall girt or eave board to divide the 

distinct roof and sidewall surfaces. This allows roll-up or drop-down 

sidewalls to be easily integrated for natural ventilation. The taller 

height of peaked-style tunnels 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 

standard-sized 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 feet. If a longer 

structure is needed, polyethylene splices are installed to connect multiple 

lengths of polyethylene. Commercial production tunnels are typically 

between 20 and 30 feet wide, but tunnel structures can be as small as 

8 feet wide by 10 feet long, which is more appropriate for growing home 

garden crops. The larger the polyethylene sheet, the more difficult it is to 

install and 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 size of the available site. Off the shelf 

tunnels that use standard-sized steel or aluminum and polyethylene 

sheets are the most affordable option. Narrower tunnels are easier to 

ventilateðtunnels 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 require applying other 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 Coverings for Tunnels 

1. The same external coverings can be used for both high and low tunnels. The 

typical covering for the roof and sidewalls of a tunnels is a polyethylene 

plastic. Do not use construction-grade polyethylene found at construction 

supply or hardware stores; instead, use greenhouse-grade, 4- to 6-mil 

ultraviolet light (UV)-protected polyethylene. Construction-grade 

polyethylene f break down quickly from the UV exposure, while the UV 

polymer resins in greenhouse-grade plastics increase the longevity of the 

covering to more than 4 years when securely fastened to the structure. 

Polyethylene coverings containing additional infrared, anti-condensate 

resins, as well as other 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 surfaces, they are more exposed to high winds, heavy rains, and hail. 

Doors and openings tend to add additional wear due to movement. The end 

wall can be covered with polyethylene sheeting, but it is preferable to use a 

more durable, rigid product. Products such as corrugated or twin-walled 

polycarbonate sheeting (Figure 650T-26) are more expensive than 

polyethylene, but light quality will remain high for 10 years or more. They 

also do not deteriorate as quickly. 
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Figure 650T-26. Twin-Walled Polycarbonate Sheeting  

 

a. Polyethylene Retention. There are several methods for connecting 

polyethylene plastics to the hoop frame. Traditionally, the polyethylene 

is held in place by fastening its edges to the baseboard using wood 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 nearly as time consuming. 

b. The poly-lock system consist of two pieces; a receiver base and a locking 

member. The most affordable system uses an aluminum ñCò channel 

base that has a bent wire (known as spring lock or wiggle wire) inserted 

into the ñCò channel over the polyethylene sheet. This provides a strong, 

reusable, long-lasting 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 be used in the summer to provide cooling. The 

main function of shade cloth is to protect the plants. The light diffusion 

percentage is chosen based on the plantôs light needs and the local 

climate. Shade cloth not only provides UV protection, but also helps to 

keep the high or low tunnel cool, improves plant ventilation, and reduces 

water usage. The cloth only needs to cover the top down to the hip-board. 

Ensure that the cloth is attached with shade cloth clips about every 3 feet 

and at each end for secure attachment. 

H. Tunnel Temperature Control 

1. Maintaining the optimal temperature for crop growth within tunnel systems 

can become problematic across the seasons if not properly designed. To 

enable optimal temperature control, daily temperatures should be monitored 
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and accounted for. Generally, the tunnels should be cooled during daylight 

and warmed with the retained heat in the evenings. Temperatures can be 

passively maintained by using insulated cover material. 

a. High Tunnels 

(1) If air movement is only provided by the end wall doors, excessive 

heat can build up. Natural ventilation is less costly. Installing roll-up 

or drop-down sidewalls allows polyethylene to 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 outside temperatures during the warm season. The 

natural ventilation provided by the side walls creates a more uniform 

temperature throughout the high tunnel. 

(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 but may be 

raised by hand without using an attached tube (Figure 650T-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 rolled, the more air flow. 

This is the simplest design for sidewall ventilation but comes with 

some inherent problems. For example, opening near the ground 

allows the infiltration of weed seeds, easy access for rodents, and 

herbicide drift. Early season venting also makes the ground near the 

walls very cold. 
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Figure 650T-27. Hoop House with Hand-Raised Side Wall 

 

(3) Drop-down sides are an alternative to roll-up walls (Figure 650T-28). 

They are more complicated to install but are best for modulating air 

temperatures during early- and late-season 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 to a 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 a 4-year copolymer film or it can be a heavier 

material such as a reinforced polyethylene or polyvinyl, similar to 

ventilation curtains used for poultry houses. 
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Figure 650T-28. Hoop House with Drop -Down Side Walls 

 

b. Low Tunnels 

(1) Because of how small low tunnels are, the most economical and 

efficient method of cooling is to simply raise or remove any 

coverings. 

(2) Other options for cooling may include using a shade cloth. 

I. NRCS Resources 

High and low tunnel structures are not permanent structures and have a 

significant impact on the microenvironment for plants. As such, this practice has 

been deemed an ecological science-driven practice. The state agronomist should 

be the first point of contact when a tunnel is being considered for design or 

installation. 

650T.5  Composting  

A. Purpose and Scope 

1. Soil quality can be poor in the reclaimed lands found in many urban gardens. 

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 gardens by using compost. 
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2. Composting on large farms can be complicated but for smaller, urban 

gardens, the basic principles can be simplified while still providing the 

benefits that composting can offer. Both the production and application of 

compost are addressed in brief within this section. 

Note: The NRCS has general guidance on composting in conventional, large 

operations, which is addressed in detail in 210 NEH Part 637, Chapter 2. For 

urban composting on small operations, review city ordinances on controlling 

odors, nuisance attractions, and other biological contaminants. The state 

environmental engineer can direct those who want more advice on composting. 

This section provides a simplified approach with a focus on urban agriculture. 

B. How Organic Matter Improves Soil and Crop Quality 

Water flows into the soil and is taken up through 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 through. Improving the soil health and 

structure of both types of soils improve their ability to retain water. This can be 

accomplished by adding organic material. When organic material is added to 

clay soil, it acts like a glue, making larger particles out of the small particles and 

thus increasing pore space for retaining water. In sandy soils, organic 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 material is often used to improve both sandy and clay 

soils. However, compost can improve silty or gravelly soils as well. Dead 

material will naturally rot and create a beneficial soil that has important 

nutrients for plants.  

2. Composting is a series of techniques that help speed up this natural process. 

The advantages of applying compost include: 

a. Growing healthier and more productive plants 

b. Providing good growing mediums to start plants and seedlings in 

c. Providing good soil for transplanting trees 

d. Handling excess organic waste 

e. Improving marginal soils 

f. Increasing water holding capacity of soils and efficiency of irrigation 

D. Making Compost 

1. A way to conceptualize making compost is to compare it to cooking. Just 

like a cook, the producer must prepare a proper mix of ingredients and a 

place to put them and will need some time for it to all come together. 

Generally, compost ingredients are made of simple components: 

a. Organic Material 

b. Water 

c. Microbes 
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2. The producer must also have something to cook the compost in to provide a 

suitable environment for the microbes to break down the material and form 

the needed compost. This can be a container or a pile (Figure 650T-29). If 

the compost is created in a pile, it may take 3 to 8 months to fully form. If it 

is cooked in a composting container, the time can be shortened to 1 to 

3 months. 

Figure 650T-29. Three Bin Composting Container  

 

3. All organic material has a ratio of carbon (C) to nitrogen (N) in their tissues. 

The ideal carbon to nitrogen ratio for compost is around 25:1 to 30:1. A 

simple way to compost is to categorize materials with high carbon (higher 

than 30:1 C:N ratio) as brown organic material and materials with low 

carbon (lower than 30:1 C:N ratio) as green organic material. Nitrogen-rich 

and carbon-rich materials are commonly used in small-scale agriculture 

(Figure 650T-30). Examples of each are shown in Figure 650T-31 and 

Figure 650T-32. Household pet waste should not be added to the compost 

piles due to the risk of diseases and food safety concerns. 

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

Carbon Source 

(or òBrown Materialó) 

Nitrogen Source (or 

òGreen Materialó) 

Leaves 

Waste straw 

Waste hay 

Corn stalks 

Sawdust 

Dead, dry plants 

Wood chips 

Shredded paper 

Food scraps 

Herbivore manure (no 

pet manure) 

Grass clippings 

Used tea and coffee 

Hair 
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Figure 650T-31. Organic Materials for Compost: Green and Brown Material  

 

4. Mixing the Organic Materials 

a. Generally, adding one or two parts of a green material to one part of a 

brown material will get the ideal C:N ratios. Add a 2- to 3-inch layer of 

moist green materials, then add 2 to 3 inches of drier brown materials and 

moisten using a spray nozzle or hose. Repeat until bin is full. The pile 

should have the consistency of a wrung-out sponge. 

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

Material (Right)  

 

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

feels a little moist, but 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 water and will grow on their own.  However, certain 

conditions encourage microbial growth more than others. If there is too 

much high-carbon material in the mix or the weather is too cold, the 

microbes will not flourish as much. A farmer can give the compost 

process a head start by mixing in a few handfuls of an activator such as 

compost from another compost pile, manure, powdered meals, coffee 

grounds, or commercially available quick-return compost activators. 

d. The compost pile should be stirred occasionally. This provides air to the 

good microbes and moves the outer layer of material to the center where 

most of the compost cooking is happening. Producers can use a shovel or 

a pitchfork. Generally, the compost pile should be stirred at least once a 

week. Add water if the pile gets 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 faster. The compost must reach at least 145°F to 

adequately kill bad microbes, most pathogens, plant diseases, and weed 

seeds. However, closely monitor temperatures above 165°F, as getting 

too hot will inhibit the composting process by destroying the 

thermophilic bacteria. If the pile reaches temperatures above 185°F, 

immediately cool the pile (generally by applying water and mixing) to 

prevent combustion. 

f. When the compost is complete, the temperature will drop and the initial 

ingredients will be unrecognizable. The 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 well. Fortunately, 

problems found while making compost are easily corrected. These are 

described below. 

(1) The Compost Smells Bad. The compost should smell earthy but not 

like sewage. If it smells very bad, it may be because the pile has 

become too wet. If 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 non-toxic 

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 Happening. The compost should become warm as the 

good microbes begin to break down the material. If this does not 

happen within the first month, then do at least one of the following 

actions: 

(a) Add more green material 

(b) Add more water (but not too much) 

(c) Stir the compost 

(4) The microbes may also not break down the material because there is 

too much pine material in the compost. Too much pine needles or 

pine bark can make the mix too acidic for the good microbes to work. 

This may be corrected by adding some lime to the pile. The 

powdered lime must be well mixed into the pile. 

(5) Rats and Vermin in the Compost. Rats are not only unsightly but can 

also carry disease. While meat scraps can be composted, it is 

generally recommended to avoid doing so since it can attract vermin. 

(6) Worms in the Compost. Seeing worms in the compost can upset 

someone who is new to making compost, but 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 compost is almost done. 

E. How to Apply Compost in an Urban Garden 

1. In Garden Soil. Farmers can mix compost into poor soil to make it better for 

plants (Figure 650T-34). A good approach is to mix 2 to 3 inches of compost 

into the top 5 to 8 inches of soil. 
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Figure 650T-34. Mixing of Compost into Upper Layer of Soil  

 

2. In a Raised Bed. Users can also bury compost in the middle of a raised bed. 

The producer should place a log pile in the middle of the raised bed (Figure 

650T-35). The pile should be approximately 2 inches high by 6 inches wide. 

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. 

Figure 650T-35. Compost Being Used in a Raised Bed 

 

3. Many crops also benefit from applying one to two handfuls of compost for 

each planting hole. 

  



210 H 650 Subpart T (amended August 2024) 56 

F. Compost Tea 

1. A producer can make something called a ñcompost tea,ò 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 

producer should let the compost sit in the water for a few days. During this 

time, the nutrients from the compost will mix in the water. 

2. The liquid can then be added directly to seedlings or new plantings. If the 

liquid is strained through a cloth, it can be added through methods of drip 

irrigation such as a bucket drip irrigation system. Figure 650T-36 illustrates 

the making and use of compost tea. 

Figure 650T-36. Photos of Compost Tea Being Created and Used 

 

G. Tree Seedling Planting 

When planting a tree seedling, a farmer can add a layer of compost that is 2 to 

3 inches thick along the bottom of the planting hole. Additional 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 use municipal water supplies for irrigation water. 

However, while water from a spigot can be convenient, it can also be 

expensive and tricky to use efficiently. Many urban gardeners reduce the 

amount of municipal water they need to irrigate their crops by capturing and 

storing rainwater. This technique is referred to as ñrooftop rainwater 

harvestingò (Figure 650T-37). 
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2. NRCS has several conservation practices dealing with the capture of water, 

such as Roof Runoff Structure (Code 558) and Water Harvesting Catchment 

(Code 636). Consult these standards when designing rainwater harvesting. 

3. In a small number of states rainwater harvesting is restricted and in some 

cases illegal. Consult local and state regulations to ensure compliance with 

code. 

Figure 650T-37. Examples of Rooftop Rainwater Harvesting  

 

B. Rainwater Capture Systems 

1. The capture, storage, and use of rainwater runoff from rooftops is not a new 

approach. Many older buildings in the United States have measures for using 

roof runoff as drinking water (Figure 650T-38). These were sometimes just 

referred to as ñcisternsò or ñrain harvesters.ò However, with the development 

of treated municipal water as well as an understanding of pollutants that can 

make roof runoff unsafe, this approach fell out of favor over time. 
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Figure 650T-38. Examples of Older Rainwater Capture Systems 

 

2. The move toward sustainable urban agriculture, as well as a better 

understanding of the importance of controlling stormwater, has resulted in 

many people revisiting the practice of capturing roof runoff. While untreated 

runoff from rooftops may not be suitable for human consumption, it may be 

appropriate for irrigation. Often this approach is used in small kitchen 

gardens to store and use water for small plots (Figure 650T-39). Collecting 

rainwater helps to mitigate stormwater outflow, which can reduce the impact 

on municipal storm sewers, the amount of water a municipality may need to 

treat, and possible erosion impacts to nearby streams. Additionally, when 

local governments institute watering bans during droughts, captured 

rainwater can be used as an alternative to municipal water supplies. 

3. The Food and Drug Administration (FDA) defines specific requirements for 

agricultural water based on the water source, location, type of irrigation 

system, and several other factors. Before making any final decisions to use 

rainwater, consult the 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 

Rooftop rainwater harvesting systems are made of a handful of simple 

components that have changed very little over the years. These components 

include something to catch the rain, something to store the water, and something 

to control the release of the captured water. 

1. Catchment Area. The first component of a rooftop rainwater harvesting 

system is an impervious roof. Existing roofs on buildings such as houses, 

barns, shops, and warehouses can be taken advantage of to harvest rainwater. 

However, structures specifically for capturing rainwater can be built closer to 

where water is needed or will be used (Figure 650T-40). Before constructing 

any structure, review the required local permits. 
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Figure 650T-40. Runoff Shelters to Capture Rainwater Close to the Site of Use 

 

a. The size of the roof determines the amount of rainfall that can be 

captured. To estimate the catchment area, use the horizontal footprint of 

the structure as shown in Figure 650T-41. 
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Figure 650T-41. Horizontal Catchment Area for Various Roof Styles 

 

b. Rainfall capture is dependent on the character of the roof surface 

materials. Figure 650T-42 gives runoff coefficients for various roof 

surface materials. 

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

Surface Character of surface 

High 

Coefficient  

Low 

Coefficient  

Roofing Shingles  
Metal, gravel, asphalt 

shingle 
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) 0.17 0.13 

 Average (2% to 7%) 0.22 0.18 

2. Gutters. Roofs should be sloped to transport runoff water to a gutter. The 

gutter should also be sloped to convey the runoff water to a downspout 

where the runoff is eventually captured. 
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a. Several methods exist for sizing gutters. For more rural or peri-urban 

settings, the steps found in 210 NEH § 651.1001 may be followed. In a 

more municipal or typical urban setting, especially when designing for 

existing buildings or structures, required gutter sizes may be based on the 

universal plumbing code. Check with the proper regulating entity to see 

what is required. 

b. Evaluate the condition of the existing roof structure before installing a 

gutter. Install new fascia boards as needed to support gutters and 

downspouts. Mount gutters on plumb fascia boards. If the building does 

not have a fascia board, mount gutters to 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 system can withstand the anticipated 

precipitation loads, 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 insufficient, design the 

required supports for the gutter. 

d. Refer to the Roof Runoff Structure (Code 558) conservation practice 

standard for required gutter design capacity and operation and 

maintenance requirements. Base the minimum gutter capacity on the 

peak flow from a 10-year, 5-minute rainfall event. 

e. A coarse screen should be installed on either the gutter or the downspout 

to prevent gutters from collecting leaves and other debris (Figure 650T-

43). These are often referred to as a leaf guard. Various styles of screens 

and leaf guards are available. Style should be selected based on location 

and potential debris load. Regardless of style, the collection gutter and 

screens will require periodic cleaning. 

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

 

3. Storage. Containers used to store rainwater are often referred to as ñcisternsò 

or ñrain barrels,ò though ñcisternò is sometimes used to refer to the entire 
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system. The storage container for the captured water can be made of 

concrete, steel, masonry, plastic, or any material that is durable. Food-grade 

plastic barrels are a common storage container used in many urban gardens. 

Examples are shown in Figure 650T-44. 

a. It is important to ensure overflow water can safely bypass the container, 

especially for undersized containers. Install tanks on a firm, level 

foundation that will not settle differentially. Examples of suitable 

foundation materials are bedrock, concrete, compacted gravel, and stable, 

well-compacted soils. Where necessary, prepare the foundation by 

removing materials that cannot support the design loads. 

b. For vertical storage tanks with a height greater than the diameter, analyze 

the potential for overturning due to wind or a seismic event, and include 

appropriate anchoring mechanisms. For 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 

Rooftop Rainwater  

 

c. The size of the storage container is in direct relation to the available 

water that can be captured and used. In some cases, a larger container 

may be better for irrigating crops because the water is not only 

immediately available, but plenty enough to avoid buying other water 

sources. However, larger capacity is not always better. Storage containers 

should be selected based on the size of the operation to avoid over filling, 

under filling, stagnation, and other related storage issues. To estimate the 

potential storage needed, use the equation in Figure 650T-45. Refer to 

the Water Harvesting Catchment (Code 636) conservation practice 

standard for operation and maintenance requirements. 
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Figure 650T-45. Water Storage Equation 

3ÔÏÒÁÇÅ ÓÉÚÅπȢφςσ!ÒÅÁ2ÁÉÎÆÁÌÌ2ÕÎÏÆÆ ÃÏÅÆÆÉÃÉÅÎÔ
3ÁÆÅÔÙ ÆÁÃÔÏÒ 

(1) Storage size = Storage volume (gallons) 

(2) Area = Catchment area (ft2) 

(3) Rainfall = Rainfall depth (inches) (storm event or average seasonal) 

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

material 

(5) Safety factor = Values between 0.65 and 0.95 

(6) The value 0.623 is the conversion factor for gallons per inch of water 

height. The safety factor covers such things as potential for leakage, 

plugging, spill potential, and variations in rainfall. On a hot summer 

day, evaporation can play a role in the amount of water captured. All 

these things must be considered in evaluating the adequacy of using 

rainfall for the water supply and storage requirements. 

d. To estimate the water storage potential, use the U.S. Department of 

Commerce, National Oceanic and Atmospheric Administration (NOAA), 

National Weather Service (NWS) Atlas 14 to gather rainfall data. Several 

characteristics must be evaluated. 

(1) Average seasonal (growing season) and monthly amount. Rainfall an 

vary greatly from month to month. This variation over the growing 

season can affect the amount of water captured, storage volume 

needed, and justification for installing a rainfall capture system. 

(2) Intensity. The rainfall intensity may affect what technique to use for 

conveyance or collection. 

(3) Frequency. the rainfall frequency directly affects the design of the 

required storage and components. 

e. Example Calculations 

(1) A new shade area is constructed 10 ft by 30 ft with a metal roof. On a 

hot day, the combination of the runoff coefficient and the safety 

factor is approximately 70 percent. The volume of runoff for a 

0.25-inch storm event would be: 

3ÔÏÒÁÇÅ ÓÉÚÅπȢφςσ!ÒÅÁ2ÁÉÎÆÁÌÌ2ÕÎÏÆÆ ÃÏÅÆÆÉÃÉÅÎÔ
3ÁÆÅÔÙ ÆÁÃÔÏÒ 

πȢφςσσππȢςυπȢχ σςȢχ ÇÁÌÓ 

(2) On a cooler, overcast day, closer to a 100 percent of the rainfall event 

may be captured. In this case, the runoff coefficient would 0.95 and a 

safety factor of 0.95. The potential volume captured would be: 

3ÔÏÒÁÇÅ ÓÉÚÅπȢφςσ!ÒÅÁ2ÁÉÎÆÁÌÌ2ÕÎÏÆÆ ÃÏÅÆÆÉÃÉÅÎÔ
3ÁÆÅÔÙ ÆÁÃÔÏÒ 
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πȢφςσσππȢςυπȢωυπȢωυ τςȢς ÇÁÌÓ 

(3) The storage volume required for an average monthly rainfall of 

5.4 inches and a combined average safety and runoff factors of 0.8 

would be: 

3ÔÏÒÁÇÅ ÓÉÚÅπȢφςσ!ÒÅÁ2ÁÉÎÆÁÌÌ2ÕÎÏÆÆ ÃÏÅÆÆÉÃÉÅÎÔ
3ÁÆÅÔÙ ÆÁÃÔÏÒ 

πȢφςσσππυȢτ πȢψ ψπχȢτ ÇÁÌÓ 

f. No matter how large a storage container, it may still overfill. Take 

appropriate measures to provide an overflow that will convey excess 

water to a suitable location. This is typically a pipe in the upper portion 

of the storage tank. Overflow water should be conveyed away from the 

foundation of the building the rain is being harvested from and safely 

disposed without causing excessive erosion, harm to adjacent crops, or 

other resource concerns. 

g. Rooftops can often collect dust, dirt, bird droppings, and other various 

debris. The first part of a rainfall event generally flushes this debris from 

the roof. Many installations include a first flush capture system to divert 

and collect this dirty water. These are also referred to as ñfirst flush 

diverters.ò While not required, the first flush diverter is used to prevent 

excess dirt and debris from entering and filling the storage container. 

Although these are available commercially, most are simply made from 

PVC pipe and fittings as shown in Figure 650T-46. 

h. The first flush carrying the debris fills the pipe and the rest of the 

captured rainfall is diverted to the storage. For the diverter to be 

effective, the water in the capture pipe must be drained between storm 

events. Recommendations vary widely as to the best amount of water to 

divert during the first flush, but a typical volume is 1 gallon for every 

100 gallons of stored water. Each location has specific factors to 

consider. 

¶ Type of roof. The more surface irregularities, the more debris the 

roof can hold. 

¶ Debris source. If trees and other potential sources of debris are 

near the roof, more diversion is needed. 

¶ Prevailing wind. If the prevailing wind is toward the catchment 

area, it is more likely for debris to be blown in. 

¶ Roof slope. Less diversion is needed for roofs with steeper slopes 

as debris is removed more quickly. 

¶ Rainfall intensity. The rainfall rate may affect the ability of a 

diverter to keep 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 

 

i. Controls must be provided to not only control the release of the water for 

its intended purpose, but also to drain the tank for maintenance. This can 

be done with simple spigots or valves (Figure 650T-47) at the bottom of 

the tank that can connect to a hose or pipe. They can 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 and techniques exposed to the elements, 

rainwater capture systems need periodic maintenance. The entire system 

should be inspected at regular intervals and repaired when necessary. 

Inspections are also needed after extreme storm events. It is advisable to 

drain the system in cold weather to reduce the possibility of freeze damage. 

It is important for users to effectively maintain any storage on site and take 

suitable safety precautions. 

2. The tank should be sealed or otherwise placed to control access and prevent 

them from becoming a drowning hazard. Screens or active treatments may be 

needed to prevent tanks from becoming mosquito breeding areas. Users 

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 should be posted to 

inform people that the water is not potable and should not be used for human 

consumption. 

650T.7  Irrigation  Benefits 

A. Overview of Irrigation 

1. Irrigation is the process of diverting and applying water to cropland using 

man-made interventions, such as pipes and canals. With controlled irrigation, 

producers can carefully calibrate water distribution, and by proxy soil health, 

to suit their needs, and monitor and evaluate plant health. Some factors of 

plant health that can be affected by irrigation are transpiration and other 

various metabolic activities for growth. Soil water is also an important factor 
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in crop and agricultural health and is defined as ñthe medium from which all 

plant nutrients are assimilated by the plantsò themselves.14 

2. Irrigation is an important factor to ensure that soil water is in balance, 

regardless of what region the cropland is in. Irrigation is most needed in dry 

and arid regions to account for the lack of natural rainfall and moisture for 

crops. Conversely, in humid areas, irrigation may be used supplementally 

and during droughts to ensure full crop productivity. Successful irrigation 

depends on many factors. Fundamentally however, an effective irrigation 

design takes into consideration the questions of when, where, and how much 

water to convey towards crops. 

3. There is a direct relationship between the amount of plant biomass (or yield) 

produced and the amount of water used by the plant. The 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 

evapo-transpiration (ET). To achieve maximum above-ground biomass and 

yield, the soil water should never become limiting long enough for the plant 

to experience prolonged water stress. 

4. As soil begins to dry, and soil water becomes limiting, plants start 

experiencing water stress. Typical water stress periods happen during 

midsummer due to inadequate rain (and thus limited soil water). As shown in 

Figure 650T-48, the crop water use for the entire season is 28 inches of 

water, with the yearly precipitation at 37 inches of water; yet crop water use 

far exceeds precipitation from June to September. During this period, 

irrigation ensures the soil profile has enough water for growing healthy 

crops. If not irrigated, photosynthesis, and thus transpiration, will be 

suppressed, which will affect biomass production and yield. The longer and 

harsher the degree of water stress, the greater the loss of yield and quality.  

5. Water stress is more severe and sets faster in vegetables and herbs than other 

crops, as most of their mass is made up of water with shallow roots and they 

have a limited ability to extract water from deeper soil layers. Water stress is 

also more pronounced in urban settings due to elevated temperatures of the 

surroundings seen commonly in the urban heat island effect. 

 
14 Soil Water, University of Hawaiôi at Manoa 

https://www.ctahr.hawaii.edu/mauisoil/a_comp03.aspx#:~:text=Soil%20water%20is%20the%20medium,t

he%20plant%20roots%20for%20absorption (2023). 

https://www.ctahr.hawaii.edu/mauisoil/a_comp03.aspx#:~:text=Soil%20water%20is%20the%20medium,the%20plant%20roots%20for%20absorption
https://www.ctahr.hawaii.edu/mauisoil/a_comp03.aspx#:~:text=Soil%20water%20is%20the%20medium,the%20plant%20roots%20for%20absorption
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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) 

  

B. Irrigation in Urban Settings 

1. Key urban agriculture challenges facing cities and urban farmers are access 

to land, capital, and water for irrigation.15 Most urban farm settings include 

backyard and community gardens, repurposed space farming, rooftop 

gardens, hydroponics, or greenhouses, where herbs, flowers, and vegetables 

are grown. In these settings, plants likely need to be irrigated almost daily to 

achieve a timely and quality harvest with a maximum yield. 

2. When considering irrigation, the water availability, cost, and quality are all 

important considerations. While the ability to irrigate on-demand 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 water. Some 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 arid environments like the West, the limited water supply presents greater 

challenges for urban farmers. As 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 by using rain barrels. Many cities promote using rainwater and 

other degraded water to counter increasing fresh-water scarcities and 

droughts. 

4. Once a water source and daily and seasonal availability of the source is 

determined for any site, urban farmers need to consider a suitable and 

efficient irrigation system and adopt site-specific strategies for managing the 

system and the irrigation water itself (i.e., scheduling). Irrigation can be 

applied using four basic system types: surface or gravity, sprinkler, drip, and 

 
15 Mary K. Hendrickson & Mark Porth, Urban Agriculture ï Best Practices and Possibilities (2012), 

https://extension.missouri.edu/media/wysiwyg/Extensiondata/Pro/FoodSystems/Docs/urbanagreport_072

012.pdf (last visited Dec. 2021). 

https://extension.missouri.edu/media/wysiwyg/Extensiondata/Pro/FoodSystems/Docs/urbanagreport_072012.pdf
https://extension.missouri.edu/media/wysiwyg/Extensiondata/Pro/FoodSystems/Docs/urbanagreport_072012.pdf
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subsurface. In rural farms, variations of all four methods are practiced for 

crop production. In urban agriculture, similar irrigation methods, albeit at 

smaller scales, are employed ranging from manual irrigating via watering 

can or a garden hose to more sophisticated watering by drip and sprinkler 

irrigation (Figure 650T-49). 

5. Similar irrigation methods may be used in non-soil-based porous media 

which are gaining popularity. See 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, and high water-use efficiency. Drip irrigation 

also conserves more water by minimizing non-beneficial losses of water 

through evaporation from the plant canopy, runoff, and deep percolation. 

Surface and subsurface drip irrigation can also allow safer use of low-quality 

water compared to sprinkler irrigation. 

7. Detailed discussion of drip irrigation and hydroponics, along 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)  
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C. Irrigation Water Requirements 

1. Seasonal Irrigation Requirement. When designing any irrigation system, 

ensure that the water supply can meet the daily peak and 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. 

2. Estimates of seasonal irrigation requirements can help determine the 

seasonal cost of irrigation water. This is an important consideration in urban 

settings with costly city water. 

3. If  water supply is limited, consider additional sources of water, such as 

rainwater harvesting or development of on-site tank or pond storage. 

4. To calculate seasonal irrigation water requirements, use estimates of seasonal 

crop water use (ET), seasonal effective rainfall, and the application 

efficiency of the irrigation system for the equation in Figure 650T-50. 

Figure 650T-50. Seasonal Water Requirements Equation  

)ÒÒÉÇÁÔÉÏÎ 7ÁÔÅÒ 2ÅÑÕÉÒÅÍÅÎÔÓ%4 %ÆÆÅÃÔÉÖÅ 2ÁÉÎÆÁÌÌȾ%ÆÆÉÃÉÅÎÃÙ  

5. An example of a 1-acre sprinkler-irrigated mixed-vegetables community 

garden operating with an irrigation efficiency of 70 percent is provided in 

Figure 650T-51, 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 and Rainfall Values 

Month  
ET 

(inch) 

Effective 

Rainfall 

(inch) 

May 4 2 

June 6 4 

July 8 3 

August 8 2 

Sept. 3 1 

a. In this example, the total seasonal ET is 29 inches of water and seasonal 

effective precipitation is 12 inches, yielding a calculated seasonal 

irrigation water requirement (IWR) of: 

)72 ςωρςπȢχϳ ςτȢσ ÉÎÃÈÅÓ 

b. The total volume of seasonal requirement for the entire 1-acre land is 

then calculated as: 
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c. This translates to a national average of $4,000 irrigation water cost for 

the season, assuming a family of four using about 100 gallons per person 

per day and paying about $72.93 for water every month. This figure will 

likely be higher in water-scarce western cities than elsewhere, but is still 

a substantial cost for most vegetable farming communities with limited 

resources. 

6. An option for cases of inadequate seasonal water availability is reducing the 

irrigated area 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 water-sensitive periods and less during 

other growth periods. For a list of critical periods for water stress by crops, 

see Figure 650T-52 (produced by the Center for Agroecology & Sustainable 

Food Systems (CASFS), at UC Santa Cruz, CA; 

https://casfs.ucsc.edu/documents/for-the-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 water to crops is critical for 

healthy and productive agriculture. Sufficient water must be supplied at the 

right time without under- or over-watering the garden. The water 

requirement varies by the type of crop and the growth stage of the crop. In 

general, shallow-rooted crops require light and frequent irrigations while 
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deep-rooted crops can be irrigated with less frequent irrigations. Water 

requirements are also weather dependent, with 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 apply. Current irrigation scheduling methods are 

based on soil, crop, and weather indicators. A straightforward scheduling 

suitable for soil-based urban farming gardens, greenhouses, and high tunnels 

can be based on monitoring the level of soil moisture in the root zone and 

starting to irrigate when it reaches a threshold depletion level. Once 

irrigation begins, the next question is how much to apply or when to turn 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 when about 30 to 50 percent of soil moisture in the 

root zone is depleted, plants start experiencing enough water stress to affect 

their yield and quality. This depletion level is usually called the 

ñManagement Allowed Depletionò (MAD) level. 

4. Irrigators may use a soil moisture sensor to measure the level of soil 

moisture and, as soil moisture approaches the desired MAD level, start 

irrigating until the soil moisture is back to near field capacity. This process is 

then repeated throughout the growing season. 

5. More detailed discussions about irrigation scheduling using soil moisture 

sensing or other scientifically based methods can be found in online 

literature by university extensions, NRCS, and the irrigation industry as a 

whole (e.g., Basics of Irrigation Scheduling by the University of Minnesota). 

6. When to Irrigate. It is best to water during cooler times, typically in the early 

morning or late evening, to minimize evaporation losses. Although drip 

irrigation already minimizes evaporation losses by applying water close to 

the soil, watering during cooler times is still recommended for eliminating 

most losses. In addition, plants transpire more 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 sagging. This 

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. It is 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 drought. Over-irrigation can leach 

nutrients from the soil and encourage the development of diseases. Over-

irrigation and excessive runoff could cause transfer of chemicals, leading 

to possible soil and water quality degradation. In general, the top 4 to 

6 inches of soil should feel damp but not appear soaked or muddy. New 

https://extension.umn.edu/irrigation/basics-irrigation-scheduling


210 H 650 Subpart T (amended August 2024) 75 

farmers are encouraged to physically feel the soil around the plants after 

watering to become accustomed to the operation of the system. 

b. Vegetable crops typically need about 1 inch of water per week. For the 

12-inch irrigation emitter spacing, this is approximately 0.62 gallons per 

plant. However, this is just a general guideline as weather factors, such as 

it being windy, dry, or very hot, may affect the amount of water plants 

need. In extreme cases, plants may need more than two to three times as 

much water as they would under normal conditions. 

c. If it rains, the amount of rain should be measured and used to offset the 

amount of water applied through irrigation. The producer should monitor 

the amount of rain with a rain gauge. A rain gauge need not be overly 

complicated and can be as simple as a can placed in the garden with a 

scale. Figure 650T-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 

the irrigation period. 
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2. Peak daily crop water use for most agricultural crops, vegetables and herbs 

are between about 0.15 and 0.3 inches per day. The peak use rate usually 

occurs in mid-summer heat with plants at near maximum vegetation. The 

question 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 land is planted with mixed vegetables and 

irrigated by a new drip irrigation system with an efficiency of 0.9 (or 

90 percent). What minimum irrigation system capacity will  ensure the entire 

2-acre land can be fully irrigated on a daily basis and during peak crop water 

use? A useful formula to use is: 

Figure 650T-54. System Capacity Equation 

3ÙÓÔÅÍ #ÁÐÁÃÉÔÙ
τυσ0ÅÁË ÃÒÏÐ ×ÁÔÅÒ ÕÓÅ

ÈÏÕÒÓ ÏÆ ÉÒÒÉÇÁÔÉÏÎÉÒÒÉÇÁÔÉÏÎ ÅÆÆÉÃÉÅÎÃÙ
 

4. System capacity or flow rate is in gallons per minute per acre. Peak crop 

water use is in inches of water. Hours of operation is in hours per day. 

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 from 80 to 95 percent 

for drip depending on age and level of maintenance and from 70 to 

90 percent for sprinkler irrigation, with much lower values for surface 

flooding, hand watering, and other crude water application methods. 

F. Water Quality  

1. Water quality is another important aspect of irrigation and is one of the most 

important considerations for 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 use. Clogging of emitters is the most difficult problem 

encountered in drip systems (Figure 650T-55). The type of filter to 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 

Carbonate Build Up (Right)  

 

3. It is best to test the 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 hazards. Water quality is less of 

an issue when using city water, but most surface water and some well water 

will likely  require testing and filtration. Use water test results to determine 

irrigation suitability and treatment requirements. For a more in-depth 

understanding of water quality issues and the proper filtration and 

chemigation requirements, refer to literature published by major drip 

irrigation manufactures or seek technical assistance from the local extension 

agent or NRCS. 

G. Micro and Drip Irrigation 

1. Drip irrigation supplies water to the soil very close to the plantsô roots at 

very low flow rates (0.13 to 2.0 gallons per hour) from a plastic pipe fitted 

with outlets (drip emitters). The purpose of this method is to maintain a wet 

bulb of soil for plant roots to acquire water from. Only the part of the soil 

immediately surrounding the plant is wetted, as this is where most of the 

roots are. An example of this is shown in Figure 650T-56. 

2. The volume and shape of the wet bulb irrigated by each drip emitter are a 

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 every 1 to 3 days) to keep soil water in the bulb close to field 

capacity. 
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Figure 650T-56. Water Exiting the Drip Lines at the Location of the Emitters 

 

3. Drip irrigation systems can offer a robust and efficient means of irrigating a 

variety of pots, plots, and crop types. These systems are greatly 

complemented by pipes or hoses that connect with faucets which can often 

be found near roofs, at a parcel of abandoned or undeveloped land, near a 

community gardening site, or right outside greenhouses and high tunnels 

(Figure 650T-57). 

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

 

4. Advantages of Drip Irrigation. Drip irrigation is not a substitute for all other 

forms of irrigation. It is simply another technique that can offer certain 

advantages, especially when water quantity is limited. It is also highly 

suitable when land areas are not leveled or where high value crops require 

frequent irrigations. Additional advantages are: 

a. More efficient use of water. Drip irrigation offers significant water 

savings. This is not because the plants use less water compared to other 

techniques, but because there are less water losses in applying the water. 

Compared to surface irrigation and sprinkler methods, drip irrigation may 

provide 90 to 95 percent of 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 

entire soil surface between the plants. With the low rate of water 

application, there is also no significant runoff loss. In addition, since the 
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emitters are close to the plant, evaporation and wind losses are 

minimized. 

b. Reduced cost for fertilizers. Drip irrigation allows precise application of 

nutrients. This is fertigation, in which the fertilizer is added to the line 

that feeds the drip tubing. Fertilizer costs and nitrate losses can be 

reduced considerably when the fertilizers are applied through fertigation. 

Nutrient dressing can be carried out frequently in small amounts as 

nutrients are brought to the immediate vicinity of the active roots. 

c. Reduced labor demand. Water application in drip irrigation is less labor 

intensive than surface or sprinkler irrigation. Since the water is applied 

uniformly from the drip lines, there is little waste. The reduction in water 

needed can result in less trips to a remote spigot, pond, well, or river to 

obtain water. Practices such as weeding can also be performed while the 

plants are being irrigated. 

d. Low energy requirement. A drip irrigation system requires less energy 

than a conventional pressurized system as it increases irrigation 

efficiency and thus, requires less water to be pumped. Drip systems also 

require lower operational water pressure compared to other pressurized 

systems. Bucket drip irrigation systems have particularly low 

requirements because they rely entirely on gravity. If  the bucket is at 

least 3 feet above the ground, there is enough gravitational head to 

pressurize the system without needing more energy. 

e. Reduced salinity risk. In drip irrigation systems, the root zone tends to be 

relatively free of salt accumulations because the drip lines are placed 

close to the plant rows and salts tend to accumulate towards the edge of 

wetting front. Surface-irrigated fields, on the other hand, generally 

accumulate salts right in the middle of the root zone.16 

f. For more information and design guidance for drip irrigation, see 210 H 

Part 623, Chapter 7, ñMicro-Irrigation.ò 

5. One form of a micro or drip system well suited for urban agriculture is a 

bucket drip irrigation system, or ñbucket drip kit.ò Bucket drip irrigation is a 

simple yet effective low head drip irrigation technique and can be 

implemented on a community or home garden to increase crop yield and 

reduce water use. This system involves gravity-fed drip irrigation lines that 

convey water to individual plants. In studies conducted in India, farmers 

have reported increased yields of 50 to 100 percent and decreases in water 

usage of 40 to 80 percent by using bucket drip irrigation techniques.17 

Studies have also documented significant income and quality of life 

improvements, resulting in part from the use of this low-tech drip 

irrigation.18 For instructions on assembling a 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). 
18 Winrock, Proceedings of the Low-Head Drip Irrigation Review Workshop at the National Agricultural 
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Appendix C, ñInstallation Instructions for a Bucket Drip System,ò of this 

subpart. 

H. Hydroponic Systems 

1. Hydroponics is the cultivation of plants with formulated nutrient-rich water 

without using soil 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 the air. Hydroponic systems can be categorized 

as liquid or aggregate. Liquid systems do not have supporting medium for 

the plant root structure, whereas aggregate 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 the nutrient solution passes through the root zone, it is 

collected and reused.  

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 systems use pumps to move the nutrient solution to 

the plant roots. The six most common types of hydroponic systems include: 

wick, water culture, ebb and flow (flood and drain), drip (recovery and non-

recovery), NFT (nutrient film technique), and aeroponic. These basic six 

types of systems can have hundreds of variations. 

a. Wick System. The simplest hydroponic system is the wick system 

(Figure 650T-58). It is classified as a passive, aggregate, closed system. 

The system has a wick (like a candle) to draw the nutrient solution from 

the reservoir to the growing medium. The wick system can use a variety 

of growing mediums (e.g., perlite, vermiculite, coconut fiber). A wick 

system has no moving parts and very limited material costs. However, 

the biggest drawback of this system is the wicks themselves. The wicks 

are limited by the rate at which they can supply water; plants that are 

large or use large amounts of water may use up the nutrient solution 

faster than the wicks can supply it. When using a wick system, the ideal 

plants to grow are typically quick-growing plants, such as herbs and 

lettuces, rather than thirsty plants, such as tomatoes. 

(1) A typical wick system includes the following: 

¶ Grow trays 

¶ Reservoir 

¶ Growing media 

¶ Wicks 

 
Research Laboratories (2000); Kenya Agricultural Research Institute, Simple Drip Irrigation Makes a Big 

Difference on Small Farms. Harambee-pulling together for Kenya. A report of the Kenya National 

Research Project (1998); B. Ouko, Kenya Islands Mission Drip Irrigation Programme, Proceedings of 

Workshop on Small-Scale Drip Irrigation Experience Sharing Workshop (1988). 
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¶ Airstone (optional) 

¶ Air pump (optional) 

Figure 650T-58. Wick Hydroponic System  

 

b. Water Culture. The simplest of the active systems is the water culture 

hydroponic systems (Figure 650T-59). It is also classified as a liquid, 

aggregate, and closed hydroponic system. In this system, plants float on 

the nutrient solution supported by a platform made of Styrofoam or other 

buoyant material. An air pump supplies oxygen to the plant roots through 

an air stone that bubbles the nutrient solution. Fast-growing water-loving 

plants, like leafy greens and lettuce, are ideal choices for water culture 

systems. Very few plants other than lettuce will do well in this type of 

system. Large or long-term plants do not grow well in this system. 

(1) A typical water culture system includes the following: 

¶ Reservoir 

¶ Grow tray 

¶ Net pot 

¶ Air pump 

¶ Air stone 

¶ Tubing for the pump 

¶ Growing media (optional) 
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Figure 650T-59. Diagram of a Water Culture System 

 

c. Ebb and Flow Hydroponics. The ebb and flow hydroponics system, or 

flood and drain system, is an active, aggregate, and closed system. There 

are a few different types of ebb and flow systems including single flood 

tray, multiple container, and surge tank. The system works by 

periodically flooding the growing tray with nutrient solution, then 

quickly draining it back into the nutrient reservoir (Figures 650T-60 and 

61). The flooding is accomplished with a submerged pump and a 

connected timer. The timer turns the pump on, filling  the growing tray 

with nutrient solution. When the timer shuts the pump off, the nutrient 

solution flows back into the reservoir. The timer turns the pump off and 

on throughout the day based on the size and type of plants, temperature 

and humidity, and the type of growing medium used. 

(1) A variety of growing mediums can be used with the ebb and flow 

system. The entire grow tray can be filled either with growing 

medium (grow rocks, gravel, or granular rockwool) or individual pots 

of growing medium. Using individual pots makes it easier to move 

plants around or in or out of the system. However, in certain types of 

medium, the roots can dry out quickly when the watering cycles are 

interrupted. Interruption may come from power outages, pump, or 

timer failures. Growing media that retains more water help minimize 

the effects of interruptions. 

(2) A typical ebb and flow system includes the following: 

¶ Flood tray 

¶ Water pump 

¶ Fill and drain tube 
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¶ Fill and drain fittings and extensions  

¶ Perforated plant buckets 

¶ Reservoir  

¶ Growing media 

¶ Timer 

¶ Filter material  

Figure 650T-60. Ebb and Flow System 

 

Figure 650T-61. Ebb and Flow Table 
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d. Drip System Recovery and Non-Recovery. The most common type of 

hydroponic system is the drip system. Drip hydroponics is categorized as 

an active, aggregate system and can be either open or closed. Nutrient 

solution is applied at the base of each plant through an emitter or dripper 

(Figure 650T-62). The solution can either be applied manually or using a 

timer to turn the pump on and off at the required application time. 

(1) In a recovery drip system, the excess runoff and drainage is collected 

in the reservoir for reuse. This system uses nutrient solution more 

efficiently, thus not requiring as much accuracy as far as application 

time. Less expensive timers may be used to control the 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) The non-recovery system does not collect the runoff but instead 

applies just the right amount of nutrient solution. This requires a 

more precise timer so that watering cycles can be accurately adjusted. 

Because the nutrient solution is not recycled, less maintenance is 

required and the nutrient strength and pH of the reservoir will not 

vary. The only time pH needs to be checked is when mixing a new 

batch of solution to fill the reservoir. 

(3) A typical drip system includes the following: 

¶ Flood tray 

¶ Reservoir 

¶ Perforated plant buckets 

¶ Drip fittings 

¶ Tubing 

¶ Drip emitters 

¶ Water pump  

¶ Growing media 

¶ Air pump  

¶ Airstone  

¶ Rock pebbles 
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Figure 650T-62. Hydroponic Drip System 

 

e. Nutrient Film Technique (NFT). NFT hydroponics are categorized as 

active, liquid, and closed systems. Typically, when thinking of 

hydroponics, this is the system that most comes to mind (Figure 650T-

63). The pump fills the growing tray causing a constant flood of nutrient 

solution to flow over the plant roots then drain back into the reservoir to 

be recycled again. No timer is required for the pump, and most often no 

growing medium is used other than air, saving the expense of replacing 

the growing medium after every crop. Small plastic baskets support the 

plant with the roots growing into the nutrient solution. Because there is 

no growing medium, the roots quickly dry out if  the flow of nutrient 

solution is interrupted, making power outages or pump failures the 

biggest vulnerability for an NFT system. 

(1) A typical NFT system includes the following: 

¶ Reservoir 

¶ PVC Pipe growing gullies 

¶ Supporting trellis and hangers 

¶ Water pump 

¶ Air pump (optional) 

¶ Airstone (optional) 

¶ Net pots 

¶ Delivery tube 

¶ Drainage tube 
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Figure 650T-63. Nutrient Film Technique  

 

f. Aeroponic System. The aeroponic system may be considered the most 

high-tech hydroponic system (Figure 650T-64). Aeroponic systems 

seldom use a growing medium other than air. The plants are supported so 

that the roots hang in the air. A nutrient solution is then frequently 

sprayed on the roots to keep them moist. Misting is usually done every 

few minutes. Like NFT systems, having the roots exposed to the air can 

create a big disadvantage if the misting cycles are interrupted. Aeroponic 

systems use a pump to supply the nutrient solution and will need a high-

quality timer to cycle the pump for a few seconds every couple of 

minutes. 
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Figure 650T-64. Aeroponic System 

 

g. Artificial Substrates. There are many inorganic and organic substrates 

suitable for hydroponic and aquaponic crop production that can be used 

with great success. Producers interested in minimizing the end-of-life 

environmental impacts of the growing substrate may consider different 

organic materials on the market. However, if doing so, the design may 

need to consider some factors. Organic-based 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 

consider organic additions and contents early in design and operation 

discussions. For more details on substrates see Appendix D, ñTypes of 

Substrates Used for Hydroponics and Aquaponics,ò of this subpart. 

650T.8  Lighting  

A. Lighting in Urban Agriculture 

1. NRCS typically is not involved in the lighting design. The following section 

gives basic knowledge for light in an urban agriculture setting. Supplemental 

lighting, of the effect on the design, other various light requirements, and 

available lighting options should be considered. Energy efficiency is also a 

concern to keep in mind. More detailed information on lighting may be 

found in Appendix E, ñLighting Details,ò of this subpart. 

2. Light is the main source of energy for plants, and it is important to monitor 

the type and amount of light that plants receive. Each day, a plant needs a 

certain amount of light to meet basic biological needs. Each type of plant 

requires different intensity levels, quality of spectrum, and photoperiods 

(amount of time the light is available). Intensity affects the overall yield of 

the plant. The spectrum affects the plantôs structure, taste, and smell. The 
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photoperiod affects growth stages of the plant, mainly flowering and the 

reproductive process. 

3. The most common way to measure a plantôs lighting needs is to calculate the 

daily light integral (DLI), which measures the cumulative light energy in a 

specific range that a surface receives in a day. The DLI can determine 

whether a particular location receives enough light for optimal plant growth. 

This is especially necessary for controlled environment agriculture (CEA) 

situations due to the ever-changing sunlight exposure. A plantôs root and 

flower development depend on meeting the proper DLI requirements. If  the 

DLI drops below the plantôs optimal lighting requirements, artificial light is 

needed to make up the shortfall. Some typical DLI values for various crops 

are given in Figure 650T-65. 

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

Crop DLI range 

Seedlings 6ð10 

Vegetative cuttings 6ð10 

Small Herbs 10ð12 

Leafy greens 12+ 

Cucumber 20ð30 

Peppers 20ð30 

Eggplant 20ð30 

Tomatoes 22ð30 

4. The specific light range that DLI measures is known as the 

photosynthetically active radiation (PAR) range. The wavelengths that most 

plants optimally grow in is the 400- to 700-nanometer wavelength. Sunlight, 

without any atmospheric absorption, provides light in the PAR range. For 

greenhouses and other CEA settings, artificial lighting for plants needs to 

mimic (as much as possible) sunlight 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 from 280 to 800 nanometers. PBAR includes 

the PAR band from 400 to 700 nanometers, as well as some of the ultraviolet 

radiation band in the 280 to 400 nanometer range and the infrared radiation 

band of 700 to 800 nanometers. Research indicates that plants seem to 

benefit from the additional wavelengths (Figure 650T-66). 

6. There are three types of photoperiods: short-day, long-day, and day-neutral. 

For indoor plant growth, the photoperiod can be controlled with lighting and 

does not always correspond with outdoor seasons. 
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Figure 650T-66. Wavelength and Colors of the PAR and PBAR Range 

 

650T.9  Operational Management  

A. Food Safety 

1. The following sections discuss good agricultural practices (GAP) according 

to FDA and USDA guidelines, especially as they relate to food safety. GAPs 

are steps to prevent on-farm contamination of fruits and vegetables, such as 

salmonella, pathogenic E. coli , listeria, viruses, and parasites. They are 

common sense recommendations that protect consumers from food 

contamination and protect the urban agriculture farm business from the 

economic consequences of food contamination. In addition, producers must 

follow the Food Safety and Modernization Act as appropriate, as well as any 

laws and regulations regarding food safety standards. 

2. GAPs and Food Safety 

a. Produce safety is critical and affects all fruit and vegetable growers 

because their farms produce food that consumers will eat. 

b. Growers are the major decision-makers for their farms because only they 

know their day-to-day activities, from production practices to who works 

on the farm, and all 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. 


