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1 What can Food Gardens Contribute? 
Gardens and Wellbeing
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Chapter 1 in a nutshell.

●● Eating fruits and vegetables from the garden 
can improve nutrition and health by providing 
compounds often lacking in the diet, replacing 
unhealthy, empty-calorie foods, and making 
foods more flavorful and meaningful.

●● Community gardeners eat more fruits and 
vegetables than their neighbors who do not 
garden.

●● Gardening can provide regular, enjoyable physi-
cal activity that can improve health.

●● Feeling productive and interacting with plants, 
nature, and other gardeners supports a positive 
attitude about yourself and others.

●● Growing food in a garden can be more environ-
mentally beneficial than growing the same food 
in conventional agriculture.

●● Food gardens can contribute to ecologically 
healthy and beautiful environments—for exam-
ple, by increasing water infiltration, soil quality, 
carbon sequestration, and shade, and by provid-
ing homes for pollinators, and culturally and per-
sonally meaningful plants.

●● Many of the individual and environmental ben-
efits of gardens also have a positive impact on 
communities and society.

●● Economic benefits from gardens can include 
fewer food purchases, and income from the sale 
or trade of garden produce.

●● Still, gardens are not always or automatically 
beneficial—they can be used to exploit people 
and communities.

●● Transparent and participatory garden organiza-
tions and projects help to avoid situations that 
aren’t in the best interest of gardeners, their 
communities, or society.

A freshly picked ear of corn, a bowl of sautéed 
greens and herbs, a ripe peach, a handful of sweet 
jujube fruits, a bunch of bright flowers—what food 

gardens can contribute seems obvious when we 
enjoy the harvest. But in addition to these pleas-
ures, there is more and more evidence of other 
benefits that food gardens and gardening can pro-
vide. In fact, in most cases, gardens provide multi-
ple benefits, and in so doing they contribute to our 
personal wellbeing—that is, our physical, material, 
social, and emotional health and happiness. 
Gardens can contribute to better diets, increased 
physical activity, and healthy weight, that along 
with not smoking and moderate alcohol consump-
tion, are estimated to have the potential to increase 
lifespans by about 20 years compared with people 
whose lifestyles do not include those practices (Li 
et al., 2018). Gardens can also contribute to envi-
ronmental health that benefits individuals, com-
munities, and the Earth. Food gardens can do this 
because, like many small-scale farms, especially in 
the global south, they can produce not only food, 
but herbs, flowers and medicines, protect biodiver-
sity, support positive ecological processes, and 
beautify the environment (IAASTD, 2009).

Sometimes changing our habits is the most effec-
tive, but most challenging way to obtain the bene-
fits gardens can offer. We are often adrift in our 
thoughts, which distract us from the present, and 
are frequently unhelpful (Killingsworth and Gilbert, 
2010) (Fig. 1.1), so practicing focusing our atten-
tion on what we’re doing and where we are, and 
understanding the possible benefits of doing this, 
can be very effective for changing some behaviors 
(Box 1.1). Attention and understanding can sup-
port positive behavior changes in diets, amount of 
physical activity, and social interactions that 
decrease non-communicable diseases (NCDs—
non- infectious diseases that are often chronic, and 
progress over time). And gardening can contribute 
to increasing those positive behaviors. For example, 
it can be motivating to know that spending 15 min-
utes to walk to your plot in the community garden 
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and working there for 30 minutes burns over 150 
calories and can provide physical, psychological, 
and emotional benefits, whereas perusing the inter-
net for the same amount of time burns only half the 

calories and has no health benefit. However, chan-
ging habits is not a simple matter of awareness and 
willpower. Many factors including poverty, racism, 
historical trauma, and environmental contamination 

Figure 1.1. Adrift in our thoughts

Box 1.1. Mindfulness and behavior change

Mindfulness is one of several approaches that peo-
ple can use to help make positives changes in their 
behavior by changing the way they think (Hayes 
et al., 2011). The idea is to bring your mind to focus 
attention on the present and be able to observe your 
experiences without judging them. Judgment tends 
to shift the mind away from the present, tangling it up 
in explanatory stories that are not helpful, and are 
disconnected from reality. Careful observation of 
what is happening right now makes it easier to 
decide how we want to behave, rather than just fol-
lowing habitual patterns. Mindfulness has been 
shown to help people change behaviors such as 
unhealthy eating (Mason et al., 2016). It can also be 
calming, and interrupt negative thought patterns, 
helping people manage pain, anxiety, and depres-
sion, improving overall wellbeing (Hayes et al., 
2011), and the way we interact with each other.

There are many practices for learning mindful-
ness. Here are two common ones. Focus on the 

breath: for five minutes sit quietly and attentively and 
focus on your breath coming in and out through your 
nose, notice the feeling and sound, count five com-
plete breaths before starting the counting again—it 
can be very challenging to stay focused even for five 
breaths but this improves quickly with practice. Eat a 
raisin: sitting quietly and attentively, slowly eat one 
raisin, taking as long as possible, exploring it in your 
mouth, focusing on the taste, texture, smell, and any 
other sensations.

Working in the garden can also be an excellent 
way to practice focused attention, as documented in 
Wendy Johnson’s memoir about the garden at 
Green Gulch Zen Center (Johnson, 2008): “Working 
in the garden is also meditation, though not in the 
conventional sense of calming down, moving slowly 
and deliberately, and dwelling in stillness. On the 
contrary, I am often most alert and settled in the 
garden when I am working hard, hip-deep in a suc-
culent snarl of spring weeds.”
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undermine efforts to change, and are why gardens 
alone may not be adequate or even appropriate, 
when structural, social and policy changes are 
required (Section 1.6).

Every benefit is accompanied by costs, so we can 
think in terms of the benefit:cost ratio and the net 
benefit that occurs when that ratio is greater than 
one. There are many kinds of benefits and costs 
including financial, psychological, environmental, 
nutritional, and social. Whether something is a 
benefit or cost depends on how it is defined, based 
on subjective values and objective measurements, 
including how you define the boundaries of bene-
fits and costs in time and space. Benefits can be multi-
faceted, and can also be intertwined with costs, and 
completely separating them may not be possible, or 
worthwhile. For example, as we discuss below in 
Section 1.5, time spent gardening can be assessed as 
a cost of gardening, or as a beneficial physical 
activity, which is very difficult to separate from 
your personal psychological benefits, and even the 
social benefits for you and your community. This 
does not mean benefit:cost assessments should not 
be made, but the multifunctional nature of gardens 
and gardening needs to be taken into account, 
including the importance to different people of dif-
ferent benefits and costs. In this chapter we outline 
some of the potential benefits of food gardens, 
particularly those that have been documented by 
scientific studies. However, lack of research evi-
dence of benefits does not necessarily mean they 
don’t exist. Because gardens have often been 
thought of as relatively unimportant, they have 
been overlooked for a long time and so there are 
not many systematic studies of gardens and their 
impacts, although this is changing.

Identifying and documenting benefits and costs is 
especially important in making the case for funding 
and public support of community and home gar-
dens when they are competing with alternative uses 
for land, water, and time, as has been true, for 
example, since at least the late nineteenth century in 
the US (Lawson, 2005). Every situation is different, 
and we can’t assume that benefits will or will not 
occur. Despite their many potential benefits, food 
gardens are not magical and should never be 
thought of or promoted as a cure-all. Sometimes 
benefits found in formal, controlled studies may not 
occur on the ground in real gardens, or vice versa, 
and sometimes food gardens are not the best 
response to a need or problem. As we emphasize 
throughout this book, keeping the framework 

described in the Introduction in mind, and being a 
good observer, will help when trying to figure out 
what contributions gardens can, and cannot, make 
in your situation. This chapter covers concepts 
important for assessing the value of existing or 
planned gardens, and for increasing their benefits.

1.1. Diet and Nutrition

The full effect of individual foods on nutrition and 
health is hard to detect, because it’s difficult to 
separate the effects of foods from the meals and 
diets they are part of, from the variation in nutri-
ents they contain, and from other factors that affect 
nutrition and health. For example, in the US, many 
vegetables are eaten in combination with foods 
containing lots of calories and sodium, and in 
forms with dietary fiber removed (Guthrie and Lin, 
2014). But at the same time, an increasing number 
of studies are showing that eating diets high in fruits, 
vegetables, and whole grains, and low in meat, 
refined grains, added sugars, and salt—especially 
when all of these are done together—is associated 
with a lower risk of acquiring NCDs and a greater 
likelihood of living longer (Scarborough et  al., 
2012; Aune et  al., 2013, 2017; Esselstyn et  al., 
2014; Hu et  al., 2014; Tilman and Clark, 2014). 
“Fruit” and “vegetable” can be confusing terms 
because botanically, “fruit” is a seed-bearing struc-
ture and “vegetable” is not used, while in culinary 
usage, “vegetable” often refers to all edible plant 
parts, and in popular use the two terms frequently 
reflect what is thought of as sweet vs. savory, 
which often don’t align with botanical definitions 
(IARC, 2003, 1–21). In FGCW we use these terms 
in the popular sense, for example when discussing 
diets, but use the more precise botanical defini-
tions in Chapters 5, 6 and 10.

NCDs include many types of cancers, heart disease, 
type 2 diabetes (previously referred to as adult onset 
diabetes mellitus), and hypertension (high blood pres-
sure). The metabolic syndrome is the name given to 
the combination of risk factors for heart disease, 
stroke, and type 2 diabetes, including a large waistline 
due to fat storage in the abdomen, high fasting blood 
sugar levels, and abnormal levels of fat in the blood 
(Bremer et  al., 2012). The metabolic syndrome and 
NCDs are increasingly common among people living 
in societies that have experienced a nutrition transi-
tion to more unhealthy diets (Box 1.4).

While the details are often controversial, there 
now appears to be overwhelming evidence that a 
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diet containing lots of minimally processed plant 
foods is important for good health at all ages: “The 
case that we should, indeed, eat true food, mostly 
plants, is all but incontrovertible” (Katz and Meller, 
2014, 94). Yet, while plant rich, vegetarian, or com-
pletely plant-based (vegan) diets can be nutrition-
ally adequate and protect against NCDs, they can 
also contain excess salt, sugar, and fat, and need 
some planning to avoid deficiencies, especially of 
vitamins B12, D and K2, omega-3 fatty acids, cal-
cium, iron, and zinc (Craig, 2010; Li, 2014).

In this section we focus on what food gardens 
can contribute to nutritious and delicious diets 

that support healthy, active, long lives through: 
a) the nutrient and other content of garden 
foods; b) the replacement of less healthy foods 
with garden foods; and c) the flavors added by 
garden foods.

Many factors affect how nutritious our diets are, 
from the chemical composition of the food we eat, 
to the way the body processes it, and from the 
foods available in our garden and grocery store and 
how they are grown and processed, to the domestic 
and international economic, trade, and develop-
ment policies that determine food prices and avail-
ability (Box 1.2).

Box 1.2. Food environments 

The reason many people don’t eat enough fruits and 
vegetables is that a diet is not simply the result of 
individual choices and preferences. More than any 
other factor, it is our food environment that can make 
eating a healthy diet difficult.

The food environment includes the type, abundance, 
and quality of foods we are exposed to, how they are 
presented and advertised, their availability in terms of 
price and convenience, and how these are in turn influ-
enced by socioeconomic, political, and cultural factors 
(Nestle, 2002; Drewnowski, 2009; Nestle and Nesheim, 
2012). The influence of socioeconomic and political 
agendas on our food environment and diets is not new. 
There is evidence that one of the earliest tasks of nutri-
tion science in the US was a political one: identifying 
the lowest cost, nutritionally adequate diets for the 
working class that could maintain their capacity for 
work without raising their wages (summarized in 
Drewnowski, 2010; see also Levenstein, 1996).

Nutritional problems resulting from persuasive mar-
keting of unhealthy foods were noticed decades ago 
and given the name commerciogenic malnutrition 
(Jelliffe, 1972). Although originally describing the con-
sequence of promoting infant formulas to replace 
breast milk in Africa, today commerciogenic malnutri-
tion aptly describes the epidemic of overweight and 
obesity in the world that is a direct result of eating so 
much highly processed, aggressively advertised fast 
food and sugary drinks. For example, in 2009, corpo-
rations spent $149 million USD on marketing foods in 
US schools, 90% of that for sweetened beverages 
(Harris and Fox, 2014), despite the ample evidence 
that those drinks are making young people over-
weight and sick (Malik et al., 2010).

At the center of the typical US food environment 
today are cheap, abundant processed foods manu-

factured from commodities such as maize (corn, as 
sweetener), wheat, soybean (as starch, fat), meat, 
and dairy. Current US policies give subsidies or tax 
relief to producers and manufacturers of many com-
modity crops or foods. The problem is prominent in 
the US but is not limited to that country. In 2012, 
industrialized countries subsidized beef and milk 
production with approximately $18.0 and $15.3 
 billion USD respectively (Heinrich Böll Foundation, 
2014). In the US in 2015, soybean, livestock (meat), 
and maize producers received $1.6 billion, $1.3 
 billion, and $5.9 billion USD in direct subsidies, 
respectively (EWG, 2017). Commodity foods are 
cheap, and low income and minority populations in 
the US eat a disproportionately large amount of 
these foods, and have a higher level of cardiometa-
bolic risk (Siegel et al., 2016).

There are powerful psychological and social rea-
sons why we are eating so much unhealthy food as 
well, including “mindless” eating in response to lone-
liness, stress, boredom, and exposure to relentless 
advertising. Children and the poor are often targeted 
most aggressively in the media, including ads in 
schools, often with celebrities as spokespeople 
(Harris et al., 2015). One US study estimated that 
eliminating food advertising targeting children 6–12 
years old could reduce the number that are obese by 
14–33% (Veerman et al., 2009).

Low income communities and households are 
encouraged to choose unhealthy, empty-calorie, pro-
cessed foods because these are cheaper and more 
available than healthier alternatives, and made tanta-
lizingly palatable with lots of salt, sugar, and fat. As 
the evidence accumulates for the health benefits from 
whole-food diets based mostly on plants, this informa-
tion is becoming more widely known through public 

Continued
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1.1.1. Garden foods can provide compounds 
important for health

Isolating the health effect of vegetables and fruits is 
challenging. Experiments are difficult because peo-
ple don’t like keeping to specified diets for very 
long, so results are often ambiguous, as Nestle and 
Nesheim show in their review of diet and weight 
loss studies (2012, 165–173). It’s much easier to set 
up controlled feeding experiments in animals, but 
results cannot be directly applied to humans. 
Therefore, many human studies are observational, 
for example where respondents answer survey ques-
tions, including about what they eat, and undergo 
physical examinations, such as the US National 
Health and Nutrition Examination Survey 
(NHANES). These answers plus other health data 
can be used to track the relationship of diet and 
health through time, but have the obvious problem 
of inaccurate reporting (Archer et  al., 2013), as 
well as many uncontrolled variables that can influ-
ence results. Clearly there is a lot we do not under-
stand, however, as stated above, the cumulative 
evidence is consistent: diets rich in fruits, and espe-
cially vegetables, can improve health and reduce 
illness and death from NCDs (Katz and Meller, 
2014; Oyebode et al., 2014; USDA and HHS, 2015b, 
Part D, Chapter 2:45).

Nutrients are the chemical compounds necessary 
for the physical maintenance, work, and reproduc-
tion of all living plants and animals (Section 7.3), 
as well as for combating disease and other forms of 
stress. Essential nutrients must be obtained from 
our diet. For example, of the 21 amino acids 
needed by humans to make proteins, 9 are essen-
tial, while 12 are non-essential because they can be 
synthesized in the body. The fruits and vegetables 

grown in gardens are often good sources of many 
nutrients important for human health, including 
vitamins, minerals, and protein-building amino 
acids, as well as dietary fiber (see Appendix 1A, 
Table 1A.1). For example, dark green leafy vegeta-
bles like collard, amaranth, arugula, chaya 
(Cnidoscolus aconitifolius), and molokheyyah 
(Corchorus olitorius) are rich sources of iron, cal-
cium, and vitamins C and A; seeds including dry 
bean, sunflower, and almond are good sources of 
iron, zinc, calcium, protein, and energy in the form 
of healthy carbohydrates and unsaturated fats. 
People in industrialized countries are often con-
cerned about getting enough protein, especially if 
they reduce or eliminate meat or all animal foods, 
but in diets of diverse, whole plant food, that 
include whole grains, beans, nuts and legumes, 
adequate energy and protein requirements are eas-
ily met. Iron deficiency is present in about 10% of 
US women, and 25% of those who are pregnant, but 
garden produce can be a source of that nutrient as 
well (Miller, 2014). However, vegetable varieties 
selected for high yields in industrial agriculture 
may have reduced concentrations of some nutrients 
(Section 10.4), something to take into account if 
those nutrients are lacking in the diet.

In addition to nutrients, other compounds in gar-
den produce are also beneficial. Antioxidants are 
compounds that prevent damage from the chemical 
process of oxidation, the loss of an electron from a 
molecule that alters its function, sometimes contrib-
uting to diseases including cancers, inflammation 
that can lead to gastrointestinal and cardiovascular 
diseases, and possibly mental illnesses such as demen-
tia, depression, and anxiety (Bouayed et al., 2009). 
Oxidation in our cells can increase because of the 
presence of free radicals, atoms or molecules with 

discussion and health education programs. However, 
in the current US food environment this may simply 
widen the income-based inequality in health if poorer 
households cannot access or afford fruits and vegeta-
bles (Capewell and Graham, 2010). For all of these 
reasons the UN’s Special Rapporteur on the Human 
Right to Food declared unhealthy diets a greater threat 
to global health than tobacco, urging support for both 
regulation of unhealthy foods and for equitable access 
to healthy, nutritious foods (De Schutter, 2014).

Gardens and nutrition programs alone cannot 
effectively counter the powerful influence of the 
agrifood industry whose goal is corporate profits 
(Section 10.4). Creating a food environment that 
supports healthy, active lives for all will require pol-
icy changes that restrict this negative corporate 
influence (Hastings, 2012). However, food gardens 
can play a role in creating positive, community con-
trolled food environments and increasing access to 
healthy food.

Box 1.2. Continued.
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an unpaired electron that therefore tend to oxidize 
other molecules, by removing or “stealing” their 
electrons. Sources of free radicals include normal 
body maintenance, energy use in physical exertion, 
and exposure to environmental sources, including 
cigarette smoke and ultraviolet light, and food con-
taminated with agrochemicals including organo-
phosphate pesticides and bipyridyl herbicides 
(Abdollahi et al., 2004) that are consumed as resi-
dues on food. Foods themselves can also be sources 
of free radicals, for example when charred or 
browned.

Antioxidants are believed to help prevent cell dam-
age because free radicals oxidize the antioxidants 
instead of our DNA or other important molecules, 
although other functions may also be important. A 
major class of antioxidants are phytopigments—the 
pigments produced by plants, which include the blue 
and purple anthocyanins, red and orange lycopenes, 
and the orange and yellow carotenoids, including 
beta carotene (pre-vitamin A). Other antioxidants 
are vitamins C (ascorbic acid) and E; minerals such 
as selenium and manganese; and phytoestrogens 
such as isoflavones and lignan. Most brightly colored 
green, purple, red and orange garden produce con-
tains high levels of phytopigments and vitamins. 
Because many antioxidants are only effective against 
specific free radicals and/or in particular biological 
contexts, eating a diversity of whole fruits and veg-
etables provides more benefits than taking antioxi-
dant supplements.

Some garden plants such as garlic, chiles, turmeric 
root, and broccoli can also provide compounds that 
appear to stimulate resiliency in our cells. This 
occurs through the process of hormesis, in which 
low doses of a compound are beneficial, even 
though the same compound may be toxic in higher 
doses. Plants have evolved to produce such com-
pounds, including in response to heat, drought, or 
insect herbivory. For example, plants often produce 
toxins that are not deadly to humans but are suffi-
cient to discourage insects from eating them. When 
we eat those plants, we consume low doses of these 
toxins, which stimulates a stress response in our 
brain cells, with the result that the cells are more 
resistant to processes that lead to cognitive decline, 
a benefit for cognitive health (Mattson, 2015). There 
is also evidence that the production of such horme-
sis-stimulating compounds is not only greater in 
some crop varieties, but also depends on how the 
plants are grown (Hooper et al., 2010), and may be 
greater in some “organic” produce (Box 1.3).

Garden foods are a rich source of dietary fiber, the 
indigestible part of plant foods (Lattimer and Haub, 
2010) that’s considered a non-nutrient because it is 
not directly metabolized by the body, but there is 
increasing evidence that the short chain fatty acids 
produced by fermentation of fiber in the gut have 
important health benefits (Koh et al., 2016; Morrison 
and Preston, 2016). Dietary fiber is often classified 
into two types: soluble fiber is dissolved by water in 
the gut (the colon or large intestine); insoluble fiber 
is not dissolved, but absorbs water in the gut, helps 
remove waste and makes some antioxidants availa-
ble (Palafox-Carlos et al., 2011). Each type of fiber 
supports different forms of beneficial fermentation 
(the conversion of carbohydrates to acids or gases by 
bacteria) in the large intestine, that can increase the 
feeling of fullness and satisfaction after eating, and 
protect against diabetes and overweight (De Vadder 
et al., 2014). On average, fiber in foods is approxi-
mately one-third soluble and two-thirds insoluble 
(Wong et  al., 2007), but with lots of variation, 
another reason for eating a diverse diet. Eating 
whole grains, vegetables, fruits, and legumes which 
are high in fiber is associated with maintaining 
healthy body weight (Du et al., 2010; Mozaffarian 
et al., 2011), increased health, and reduced disease 
and death (Park et al., 2011). And yet most people 
in industrialized countries don’t eat enough fiber: in 
the US women on average eat only about 60% and 
men only 40% of the recommended dietary allow-
ance (RDA) for fiber (USDA, 2010).

1.1.2. Fresh fruits and vegetables can replace 
unhealthy foods

While food is necessary for survival, its appear-
ance, aroma, taste, texture, and cultural and per-
sonal meaning provide enjoyment and comfort. 
However, in industrialized countries we often eat 
too much—especially calories (energy), protein, salt, 
and fat—contributing to an epidemic of overweight 
and obesity, and debilitating NCDs. Whereas in the 
past, low body weight was an indicator of poverty, 
today in regions that have experienced a nutrition 
transition (Box 1.4), overweight and obesity are 
increasingly the indicators. Our diets are a major 
cause of poor health and early mortality, raising the 
question of why we eat what we do. The food envi-
ronment (Box 1.2) plays a huge role, but there are 
other factors as well (Box 1.4).

A characteristic of the diets produced by the 
industrial agrifood system is the contrast between 
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their energy content, and content of other nutrients 
(Appendix 1A, Table 1A.2). These diets contain lots 
of empty calories from energy-dense foods high in 
fat and sugar, and low in other nutrients or beneficial 
compounds like antioxidants and fiber (Box 1.4). 
Talking about energy can be confusing: a “Calorie” 
(with upper case “C”), is the “heat energy needed to 
raise 1 kilogram of water 1°C from 14.5° to 15.5° 
at 1 unit of atmospheric pressure,” and is the unit 
on food labels (Nestle and Nesheim, 2012). One 
Calorie is equal to one kilocalorie (kcal), or 1,000 
calories (with a lower case “c”). Even more confus-
ing: the scientific standard unit of energy is  
the joule, with 1 kcal ≅ 4.2 kilojoules. Kilocalorie is the 
unit reported by the USDA and the one we use in 

tables in this book; “calorie” is also used popularly 
and in this book as a generic reference to energy.

For many people, especially those with limited 
resources, empty-calorie, energy-dense foods with 
very little additional nutritional value, are abun-
dant and inexpensive (Box 1.2), while healthier 
foods are harder to obtain and more expensive. 
Diets high in empty calories are major contributors 
to the combination of malnutrition, overweight, 
and NCDs now increasingly common in the global 
north and spreading rapidly elsewhere.

Fresh vegetables and fruit from the garden are nutri-
ent rich compared to empty-calorie foods (Appendix 
1A, Table 1A.2), and so for the many reasons out-
lined above they can contribute to healthier diets.  

Box 1.3. Is “organic” produce healthier?

All plants and animals are organic in the sense that 
they are composed primarily of carbon-containing 
(organic) compounds. But when talking about agriculture 
and food, “organic” has a wide range of other meanings, 
from broad definitions like that of IFOAM that includes 
ecological health and social justice, to the much more 
narrow definition of the USDA which is focused on what 
cannot be used in their production (synthetic fertiliz-
ers, herbicides, or pesticides) (Section 1.7.1).

A frequent topic of debate about farming and gar-
dening is whether “organically” grown fruits and veg-
etables are healthier for consumers than their 
conventionally grown equivalents, in terms of the level 
of healthful compounds and toxic contaminants. At 
this time more research is needed to really under-
stand the issue, and many factors are involved result-
ing in lots of variability. Still, a few findings are 
consistent. First, because no synthetic pesticides are 
used in organic agriculture, it is not surprising that 
residues of these are up to four times higher in con-
ventional compared to organic produce (Baranski 
et al., 2014), and the proportion of organic produce 
with residues present (7%) is significantly lower than 
for non-organic produce (38%) (Smith-Spangler 
et al., 2012).

Second, when everything else is exactly the same 
there is little evidence for any clear difference in over-
all nutrient content (Dangour et al., 2009; Smith-
Spangler et al., 2012; Baranski et al., 2014). However, 
organic production is not exactly the same as conven-
tional production without those agrochemicals (see 
below).

Third, two recent meta-analyses found that organic 
produce contained significantly higher concentra-
tions of polyphenols (Smith-Spangler et al., 2012; 

Baranski et al., 2014;), because organically grown 
crops are thought to experience more environmental 
stress due to less powerful pest control and possibly 
lower applications of soil nutrients (i.e., no synthetic 
fertilizers). Polyphenols are compounds found in 
many fruits and vegetables, some of which act as 
antioxidants. Some polyphenols help prevent pests 
from eating the plants and so may support hormesis, 
and others may be more concentrated in certain 
growing environments, such as those with less avail-
able soil nitrogen (Brandt et al., 2011).

Fourth, because of different growing environments, 
the use of traditional varieties, and the development 
of new varieties specifically for organic production, 
as suggested above, it may be that those varieties 
have not experienced selection resulting in a lower 
concentration of nutrients and hormesis-stimulating 
compounds as is the case for some conventional 
varieties (Section 10.4) (Davis, 2009).

This means that gardening “organically” may pro-
vide you with fruits and vegetables that are healthier 
because of less contamination and possibly more 
antioxidants, nutrients, and other beneficial com-
pounds, but these benefits are not automatic or uni-
versal to all organic produce. There are also many 
other individual and social benefits of gardening 
organically—you won’t expose yourself and anyone 
working in or living near the garden to synthetic toxic 
compounds, and organic methods have been shown 
to promote biodiversity (Gabriel et al., 2013) and 
ecosystem health (Cavigelli et al., 2013) in agricul-
ture, although sometimes with lower yield. And you 
won’t be supporting the production of agrochemicals 
that often involves negative social, economic, and 
environmental consequences.
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Box 1.4. Why do we eat what we eat? 

The photos of the foods people eat in different 
places around the world in Menzel and D’Aluisio’s 
book Hungry planet (Menzel and D’Aluisio, 2005) 
show how different human diets can be in different 
places, for different people. So, why do we eat 
what we eat? That is an incredibly interesting and 
difficult question, because it’s so complex and so 
many variables are involved. A frequently cited 
study of nearly 3,000 respondents in the US 
(Glanz et al., 1998) found that when asked how 
they decide what to eat, people ranked the follow-
ing five factors in order of most to least important: 
taste, cost, nutrition (Is it good for me?), conveni-
ence, and weight control. That study also found 
variation: cost and convenience were most impor-
tant to younger and low-income individuals, while 
nutrition was more important to female, older, 
African American and Latinx individuals than oth-
ers. To discover more about why we eat what we 
eat, we’ll very briefly look at the evolution and his-
tory of the human diet.

For about the last 7 million years, the diet of our 
ancestors has been predominantly vegetarian 
(Ungar and Sponheimer, 2011): 97% of the diet of 
our relatives the chimpanzees is plants (Watts et al., 
2012); on average 73% of energy in the diets of eight 
contemporary gatherer-hunter groups was from 
plant foods (Stanford, 1999), although there is tre-
mendous variation, with the environment being the 
major influence. Human gut microbiota today reflect 
this long reliance on plant foods, leading some sci-
entists to argue that, if anything, humans are bio-
logically adapted to a primarily vegetarian diet 
(Dunn, 2012). Still, the advent of hunting by humans, 
providing sources of energy and protein-dense food, 
appears to be an important causal factor in the 
emergence of large brain size. Our gathering and 
hunting ancestors’ environments contained many 
plant and animal species, and some researchers 
suggest that cuisine developed in part as a sociocul-
tural system for identifying edible (vs. poisonous or 
unpalatable) species and methods of preparing 
them, and transmitting this knowledge to others 
(Armelagos, 2010).

The early Paleolithic environment (starting ~2.5 
million years ago) selected for adaptation to periodic 
food scarcity and famine (Prentice, 2005), including 
a desire for energy- and protein-dense foods, which 
was adaptive when human ancestors were foragers, 
and those foods were scarce (Armelagos, 2010). 
Because of the scarcity of these foods, selection 
favored behaviors such as eating as much as pos-
sible when they were available, contributing to the 

difficulty we have today in resisting these foods now 
that they are no longer scarce for most of us 
(Appelhans, 2009). This adaptation to scarcity is 
thought to have contributed to our sense of taste. 
While that adaptation appears to still affect our 
behavior and diets, evolution is ongoing and we 
are not the same physiologically as we were 2 mil-
lion years ago. A clear example affecting our diets 
is the retention of genetic mutations—that occurred 
more than 7,000 years ago—which made some 
human populations capable of digesting dairy 
products after infancy (Ingram et al., 2009). There 
have been other mutations, such as ones providing 
greater ability to digest starch that adapted popula-
tions to another major lifestyle and dietary change: 
agriculture (Laland et al., 2010).

Our diets changed dramatically with increased 
consumption of grains, and then the advent of agri-
culture starting more than 12,000 years ago. This 
led to a great reduction in the diversity of species 
used for food (Harlan, 1992), accompanied by a 
larger proportion of starchy foods that increased 
dental cavities (Eshed et al., 2006), among other 
things. Agriculture also required tending crops, mak-
ing us more sedentary, and along with the change in 
diet, probably led to an overall reduction in quality of 
life (Larsen, 2006). In this context, cuisine provided 
different ways to process and prepare a limited 
number of food species, like fermentation and dry-
ing that helped preserve harvests and make the diet 
more interesting.

The next major change in human diets came with 
the advent of industrial agriculture and food sys-
tems following World War II, and increasing con-
sumption of fat, refined grains, added sugar, and 
animal products (meat, dairy, eggs) accompanied 
by an increase in diet-related NCDs. There is a 
well-documented correlation between increasing 
wealth, often measured as per capita gross domes-
tic product (GDP, value of all goods and services 
produced in a country in a year), and increasing 
consumption of animal products and energy-dense 
foods (FAO, 2010), associated with an increase in 
NCDs (Tilman and Clark, 2014). Overall, this soci-
etal change is referred to as a nutrition transition 
between dietary patterns (Popkin, 1993, 2006), in 
this case accompanied by a change in the pri-
mary causes of sickness and death from under-
consumption of nutritious food and communicable 
diseases, to over over-consumption of non-nutri-
tious food and NCDs.

This nutrition transition might diversify diets initially, 
making more food products such as processed foods 

Continued
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Garden foods can replace empty calories with the 
same number of calories (Fig. 1.2a), while providing 
lots more nutrients. Or garden foods can replace the 
same volume of empty calorie foods with vegetables 
and fruits, reducing calories and increasing nutrients, 
fiber, and other healthy compounds (Fig. 1.2b). Either 
way, eating more garden produce than the amount in 
the standard American diet (SAD) is healthier.

Gardens can help improve diets in so called food 
deserts, which are usually low-income neighborhoods 
dominated by “junk” food chains, with few mar-
kets selling high quality, fresh produce at afforda-
ble prices. However, urban farmer, educator, and 
food activist Karen Washington points out that the 
food desert label ignores the human resources and 
culture of these areas. She says these areas are more 
appropriately seen as symptoms of food apartheid— 
social organization of food and agriculture reflect-
ing historical, structural inequities (Brones, 2018). 
Living in such an area increases the likelihood for 
being overweight, especially for lower income peo-
ple (Reitzel et  al., 2014). In these situations, food 
gardens controlled by local residents might provide 
their only access to affordable fresh produce.

But cutting back on highly processed energy-dense 
foods isn’t easy, since we are evolutionarily adapted 
to seek high energy foods (Box 1.4), and because 
they are prepared with lots of salt, fat, and sugar to 
satisfy our taste, a primary reason we choose food. 
Hunger can signal a need for energy, but it can also 
be the result of a neurological and hormonal need 
for reward in the form of food with positive sensory 
and emotional associations, especially in people 
prone to being overweight (Zheng et al., 2009). That 
need results in a “hungry brain” that seeks food, 
regardless of whether the body needs it or not, one 
reason that losing weight can be so difficult.

The volume and form of foods affect a meal’s 
satiety, how long it keeps you from wanting to 

eat again, and your satiation, the feeling of full-
ness and satisfaction that causes you to stop eat-
ing. Solids tend to have higher satiety than 
liquids, especially sweet liquids; eating an apple 
provides much greater satiation than does drink-
ing the filtered juice of an identical apple with 
the same amount of calories (Rolls et al., 2004). 
One way to increase the satiety of meals, even 
when the total number of calories is lower, is to 
include more foods with higher water and fiber 
content (Rolls et al., 2004). Fiber increases satiety 
by increasing food volume, and perhaps also by 
slowing the release of sugar (glucose) into the 
bloodstream during digestion (Livesey et  al., 
2008).

Most raw vegetables and fruits have a water 
content of about 80% or more by weight, and 
are high in fiber and nutrients, with ratios of 
nutrients per calorie, and volume per calorie 
much higher than most other foods, especially 
processed foods (Appendix 1A, Table 1A.2). This 
is one reason why, especially in combination with 
physical activity, garden foods can help reduce 
obesity and overweight (Ledoux et al., 2011).

Despite evidence of the multiple benefits of eat-
ing lots of vegetables and fruits, few people eat the 
minimum amount recommended. For example, the 
recommendation for a 2,000 kcal per day diet in 
the US is 2.5 cups of vegetables and 2 cups of fruit. 
But one study found only 9% and 13% of US 
adults eat recommended amounts of vegetables and 
fruits, respectively (Moore and Thompson, 2015). 
However, community food gardeners eat more veg-
etables and fruits than their neighbors who garden 
at home, or do not garden at all (Alaimo et  al., 
2008; Litt et  al., 2011). In the City of Seattle, 
Washington, the P-Patch Community Garden 
Program comprises about 31 acres gardened by 
over 2,850 households, with 71% of these low 

made from a few crop species (e.g., wheat, maize, soy-
bean, oil palm, rice) widely available, including where 
these crops weren’t previously eaten. However, local 
crops are often marginalized in this process, which even-
tually decreases agricultural and dietary diversity (Khoury 
et al., 2014), and increases added refined starches, fats, 
and sugars (Ponce et al., 2006; Drescher et al., 2007).

Perhaps the most dramatic form of this nutrition 
transition occurs when people consuming healthier, 
traditional diets in their home countries migrate to 

industrialized countries. Diets often change within 
one generation, or even a few years, in a process of 
dietary acculturation. For example, second and third 
generation Mexican Americans in the US eat less 
fruits, vegetables, beans, and rice than does the first 
generation, and have a higher incidence of type 2 
diabetes, especially if they are in low-income house-
holds (Afable-Munsuz et al., 2013), although higher 
disease incidence may also be due in part to better 
diagnosis in the US (Barcellos et al., 2012).

Box 1.4. Continued.
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income, and with 23% of gardeners people of 
color (P-Patch, 2014). In addition, 40% of P-Patch 
gardening households are contributing an average 
of nearly 1,100 kg (2,400 lb) of produce each 
month to local food banks and hot meal pro-
grams. The evidence for the effect of home gar-
dens on nutrition is less clear (Girard et al., 2012), 
though some studies do support a positive associa-
tion (Talukder et al., 2010; Cameron et al., 2012).

1.1.3. Flavor from the garden

The flavor of a food is the result of its taste com-
bined with other sensory information such as 
aroma, feel in the mouth, and even the way the food 
looks. Flavor plays a big role in how appealing we 
find foods, and we learn to associate certain flavors 
with experiences and even identities (Mattes, 2012). 
Because of our evolutionary history (Box 1.4), the 
taste of empty-calorie foods high in fat, salt and 
sugar, typical of most processed fast foods, is  
appealing, and we crave these foods for their emo-
tional reward, especially when experiencing anxiety 
or depression (Platte et  al., 2013). They stimulate 
our appetite for more of those foods, as well as 
seeming to raise the threshold for satisfaction from 
those tastes as we become habituated to increasing 
levels of them in our diet. For example, the more 
salt in your diet, the more salt you need to eat to get 
the same salty-taste reward (Kim and Lee, 2009). 
Similarly, diets higher in fats reduce the satiety of 
those fats, encouraging you to eat more and more 
fats to achieve the same level of satisfaction (Stewart 
and Keast, 2012), and the same effect may be true 
for sweet foods. Now there is also evidence that 
obesity itself causes inflammation that decreases the 
number of taste buds, inhibits the growth of new 
taste buds and is a “likely cause of taste dysfunction 
in obese populations” (Kaufman et  al., 2018). 
Tastes can affect diets in other ways; for example, 
drinking sweetened beverages instead of water dis-
courages children from eating vegetables, because 
those taste bitter in comparison to sugary drinks 
(Cornwell and McAlister, 2013).

Gardens are sources of flavors that make foods 
appetizing. Herbs such as arugula, basil, cilantro, 
fenugreek, garlic chives, papaloquelite, or marjo-
ram, and other flavorants from the garden such as  
chiles, citrus zest and juice, and rose petals, can 
make food more appetizing and personally and 
culturally meaningful. This can be especially help-
ful when trying to reduce the use of salt, sugar, and 

fat in the diet, when people try new vegetables and 
fruits, and for supporting important cultural tradi-
tions. Gardens can also add to the visual appeal of 
foods, for example by adding bright orange or red 
sliced tuna (fruit of Opuntia cacti), a sprinkling of 
chopped greens, or edible petals from calendula, 
nasturtium, or fejoa blossoms.

Tastes are also formed by experience. A food 
environment with aggressive food industry adver-
tising contributes to a cycle of experience and 
behavior that makes it very difficult to have a 
healthy diet. Gardens offering alternative experi-
ences and associated with educational programs 
can help address some of these obstacles. Schools, 
community centers, and other groups can organize 
programs demonstrating simple preparation, and 
appetizing presentation of foods made with garden 
produce, especially foods community members are 
already making, or remember. Such programs may 
be the first time that people taste these vegetables 
and fruits, and can change attitudes. Vegetables 
and fruits can go from being unfamiliar or unap-
pealing to ingredients people want to include in 
their meals. However, while a review of research 
on the effect of garden-based interventions among 
children and youth in the global north from 2005–
2015 suggests they do result in increased fruit and 
vegetable consumption, more rigorous research is 
needed to test this relationship (Savoie-Roskos 
et al., 2017).

Evaluation of a popular school garden program 
for students from fourth and fifth grades in three 
Berkeley, California schools showed significant 
increases in consumption of fruits and vegetables in 
and out of school for students in schools with com-
prehensive programs, including cooking, compared 
with those in schools with less-developed programs. 
However, this difference disappeared as students 
transitioned to middle schools (sixth grade) and 
high schools that did not have this program 
(Rauzon et  al., 2010). This suggests that broader 
institutional and social change is needed to sustain 
the positive results of these programs.

Other strategies can also help. Recently, research-
ers presented high-school students in Texas with 
information about “junk” food companies, includ-
ing how those companies’ strategies to grow their 
profits include recruiting teenage consumers. This 
knowledge activated common adolescent values 
of autonomy, social justice, and concern for their 
peers, resulting in reduced junk food consump-
tion by those youth compared with a control  
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group  that only received information about food 
nutrition (Bryan et al., 2016).

1.2. Physical Activity

Work in the garden can be long and strenuous, like 
a morning of digging garden beds into dense soil, 
or turning a big compost pile. Or garden work can 
be brief and leisurely, like harvesting a few kum-
quats, picking some herbs for a dish you are cook-
ing, or removing cutworms from the soil around 
young plants. Either way, gardening can bring 
healthy physical movement into our daily routines 
and improve physical fitness and health.

Lack of physical activity can lead to declines in 
physical and mental health, and in the industrial-
ized world we spend much of our time sitting 
(Owen et al., 2009). Time spent sitting is positively 
correlated with body weight, and with NCDs like 
type 2 diabetes; the more you sit, the more likely 
you are to be overweight and sick (Katzmarzyk, 
2010). Surveys of how working Americans spend 
their time found that in 24 hours the vast majority 
of the time we are sleeping or sedentary (Tudor-
Locke et al., 2011) (Fig. 1.3). The combination of 
inactivity and overweight impairs our health, 
capacity for satisfying work, and happiness. But the 
good news is that even light physical activity 

throughout the day can help prevent these negative 
outcomes (Katzmarzyk, 2010). We do not have to 
be devoted athletes to be healthy, minimize NCDs, 
and avoid falls and related accidents. Still, even 
vigorous activity can’t make up for all the time we 
spend sitting (Dunlop et al., 2014), we just need to 
sit less because doing nearly anything physical is 
better for us than sitting!

Some garden activities can improve aerobic physi-
cal fitness, quantified as VO2 max, the maximum 
volume of oxygen a person can acquire during the 
most strenuous activity. VO2 max is a measure of the 
capacity of the lungs and cardiovascular system to 
capture oxygen and deliver it to the working muscle 
tissue where it is used to oxidize glucose to produce 
energy, a process called respiration (Section 5.4). 
VO2 max is increased through extended periods of 
moderate to vigorous physical activity that gets you 
breathing harder and raises the number of heart 
beats per minute, increasing the strength and capac-
ity of the cardiovascular and respiratory systems. 
While gardening is typically classified as moderate 
exercise (Matthews et al., 2008), the physical fitness 
benefits of gardening will depend on what work is 
actually being done, for how long, and by whom. 
For the elderly (Park et  al., 2008), ill, overweight, 
and very young, even the lightest garden tasks can 
increase heart rate and oxygen capture and delivery, 
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and improve physical fitness, especially when there 
are few other opportunities for physical activity.

Garden tasks like digging, carrying tools, or buck-
ets of compost or water are weight-bearing or 
impact exercise, and so contribute to greater bone 
strength, for example among older people who may 
be most at risk. Physical activity is also important for 
maintaining or improving the motor skills, balance, 
and agility that are needed for healthy daily activity 
throughout life, and it can make us feel better about 
ourselves, and those around us.

1.3. Psychological and Social Benefits

Human beings are social animals. We evolved in 
groups of related and unrelated cooperating individu-
als that formed large social networks (Hill et  al., 
2011), and our brains and emotional lives have been 
formed by hundreds of thousands of years of living 
together. Greater population size and urbanization, 
increasing scarcity of resources, and the growing rec-
ognition that in a globalized world the biophysical 
and sociocultural aspects of our lives are intercon-
nected, all mean that improving our capacity for posi-
tive social interactions is more important than ever.

For most of us, feeling that we are contributing 
and are appreciated members of a social group is 
important for our self-regard and happiness, and 
has positive effects on health (Fredrickson et  al., 
2013). And yet, life today in the industrialized 
world is often characterized by social isolation, 
making us lonely, reliant on social media, and vul-
nerable (Fig. 1.4). Much of our personal lives is 
centered within the walls of our homes, or inside 
automobiles; often our free time is spent in activities 
requiring no face-to-face interactions with others. 
For example, adults in the US spend an average of 
2.8 hours per day watching TV, with hours being 
greater among those with low income and low edu-
cational status (USBLS, 2017). In an older study, 
children spent an average of 4.5 hours per day 
watching TV, plus another almost 3 hours per day 
with other forms of personal media (internet, com-
puter games) (Rideout et  al., 2010). This sort of 
social isolation is known to have negative psycho-
logical consequences (Turkle, 2011) which are espe-
cially acute when we are physically inactive. Being 
socially isolated, or feeling that way, is now recog-
nized as predictive of early mortality—especially 
among those under 65, and scientists anticipate 

Figure 1.4. Just me and my TV (or social media)
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loneliness will become a major public health prob-
lem in the coming decades (Holt-Lunstad, 2018).

Obviously, food gardens are not a solution to all 
of the personal and social problems posed by our 
lifestyles, but the positive contributions of physical 
activity, experiences with nature, other people, 
problem solving, and mastery of tasks have been 
documented in a number of studies.

1.3.1. Direct psychological benefits  
of physical activity

The positive correlation between physical activity 
and mental health is very strong across all ages 
(Penedo and Dahn, 2005). Even as little as 20 min-
utes of activity each week can make a real differ-
ence in how we feel, and the more activity, the 
better we feel (Hamer et al., 2009). Physical activity 
has this effect because it helps our bodies function 
better with fewer limitations, and less discomfort 
and disease. It also makes us feel better because it 
stimulates the release of chemicals in the brain like 
dopamine that create positive feelings and atti-
tudes (Ströhe, 2009). Indeed, a rapidly growing 
number of researchers (e.g., Rhodes et al., 2017), 
medical practitioners, and health promotion 
organizations worldwide agree that physical activ-
ity is the single most powerful and wide-reaching 
“treatment” available for many of the physical and 
psychological problems common today, and is rec-
ommended along with the improved diets we dis-
cussed above.

1.3.2. Positive effects of experiences  
in the garden

Nearly all human evolutionary history has been spent 
in natural environments, and this may be one reason 
that some interaction with nature seems important 
for our happiness (Wilson, 1984; White et al., 2013). 
Interacting with the natural world—including the 
soils, plants, and animals in the garden—has positive 
effects on mood, self-regard, and attitude (Pretty 
et al., 2005; Barton and Pretty, 2010), and stimu-
lates the brain. Even periods as short as five min-
utes in a green environment can be beneficial. 
Gardeners themselves report that their gardening 
provides them with physical, emotional, and social 
benefits (Waliczekz et al., 1996; Egerer et al., 2018), 
and a more positive mood and health compared to 
non-gardeners (Waliczek et al., 2005), reasons that 

food gardens are sometimes referred to as “thera-
peutic landscapes” by public health workers (Hale 
et al., 2011).

Because of the many factors that vary over time 
and space, gardening can be a constant source of 
mental stimulation. For example, observing changes 
during a plant’s life cycle, the effects of changing 
weather, and basic gardening tasks such as figuring 
out the best way to stake a tomato plant using mate-
rials on hand, without having to buy anything. As 
with other diversions from our daily routine, focus-
ing on the garden can provide relief from worries 
and obsessive thought patterns that often have nega-
tive consequences for mood and social interactions. 
Observations and learning while working in food 
gardens can also contribute to greater awareness of 
biological and ecological processes that in turn have 
positive effects on gardeners’ understanding of their 
own health and the health of the environment (Hale 
et al., 2011). Over time, working in the garden can 
provide a sense of mastery with a resulting positive 
effect for gardeners who practice and hone skills 
such as seed planting and pruning, and harvesting. 
As a place where we must constantly problem solve, 
gardens provide the opportunity to practice respond-
ing to small challenges, strengthening our capacity 
to meet greater adversity when it comes along.

Food gardens can be a way for new community 
members, including immigrants and refugees, to feel 
connected and comforted through activities that are 
familiar, that make them feel useful (Wen Li et al., 
2010), and help them feel more at home when they 
can grow food plants that are familiar to them. 
Cultural identity, including the plants, foods, and 
activities that help define who you are, is important 
for everyone, not just new residents. For example, 
when controlled by people themselves and not out-
siders, gardens growing traditional crops and varie-
ties can be a part of individual or community 
strategies to cope with the historical trauma affecting 
many groups (Mohatt et al., 2014; Ramírez, 2015). 
These positive effects of food gardens can be espe-
cially important when age, poverty, illness, fear, and 
other conditions isolate people and limit their 
opportunities for positive, stimulating activities and 
interactions.

Food gardens can also provide social benefits, 
though some are easier to quantify than others. 
Positive interactions among community members can 
be rare, and difficult to initiate, since we frequently 
live among strangers. Especially in the poorest 
neighborhoods, gardens can beautify and humanize 
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shared spaces, making positive interactions with 
natural and social environments easier (Voicu and 
Been, 2008). A study of community gardens in 
Denver found that “community gardeners talked 
about the garden as a way to awaken the senses and 
support a more holistic way to contemplate health 
and wellness,” and that gardeners’ perception of 
how pleasant their neighborhood is was positively 
correlated with fruit and vegetable consumption, 
and with community gardening compared to home 
gardening, or no gardening (Litt et al., 2011, 1470).

Visible home or community gardens may be one 
of the few places to see neighbors outdoors. Since 
we all eat and share some interest in food, gardens 
can be an easy topic for interactions among people 
who might not otherwise have anything to say to 
each other, including people of different cultures or 
backgrounds (Shinew et al., 2004). The social bene-
fits of food gardens are enhanced when they are 
community gardens. Participating in community 
gardens increases face-to-face interactions, and can 
create mutual trust and social cohesion, including 
between generational, “racial” and cultural groups, 
and resource levels, as was reported by gardeners 
in a small study of community gardens in Minneapolis 
(Grewell, 2015). Community gardens in New York 
City are believed to have contributed to greater 
social cohesion and support in gardeners’ daily lives, 
and some of these gardens were the basis of neigh-
borhood organizing and mutual support during the 
disaster brought by hurricane Sandy in 2012 (Chan 
et al., 2017). These relationships may support wider 
engagement and reduce conflict, although we can’t 
assume this is always true (Section 1.6).

Community gardening experience is a way people 
can learn and practice important group-based skills 
such as decision making, creating, observing and 
enforcing rules and social norms, and engaging in 
community issues. It can also be the basis for expe-
riential science education (Krasny and Tidball, 
2017). These gardens may also offer the opportu-
nity for members to experience individual social 
roles such as leaders, followers, and learners (Teig 
et al., 2009). Altogether, community gardening can 
be a chance to practice many of the prosocial skills 
needed to create healthy, positive, safe communities.

1.4. Environmental Benefits

Food gardens can provide benefits by decreasing our 
environmental impact in two ways. First, supporting 
healthy ecosystems by reducing negative impacts on the 

environment from human activities in general. Second, 
by producing and delivering food with less negative 
environmental impact than the same food from the 
industrial agricultural system. However, like all garden 
benefits, these environmental ones are not automatic—
they depend on how gardens are managed.

1.4.1. Gardens supporting healthy 
environments

Among the changes we are experiencing in the 
twenty-first century are the dramatic negative envi-
ronmental and climate consequences of human 
 activity, including feeding ourselves (Chapter 2). One 
approach to understanding the importance of the 
biophysical environment to humanity, and encourag-
ing practices that stop and reverse harm, is to quan-
tify the benefits it provides to society. Ecosystem 
services (ES) are the different ways in which the 
environment contributes to the existence and support 
of human societies and can be given a monetary 
value. ES are a popular way to bring environmental 
and resource issues into mainstream economic and 
political discussions—by determining how much 
water filtering by the soil, or a morning birdsong, is 
worth in dollars—but this is a subjective process and 
often limited by lack of data (Norgaard, 2010). That 
is, there are many facets to ecosystem function that we 
simply do not understand and therefore cannot assess 
the “value” of. Even if our knowledge was complete, 
ES values reflect the beliefs and priorities of society, 
especially governments and the powerful. An impor-
tant philosophical question is whether ES values 
should only be determined by value to humans—and 
to which humans—the anthropocentric view, or 
whether other species and parts of nature have value 
independent of their utility for humans—the ecocentric 
view. In addition, philosopher Michael Sandel argues 
that monetizing things like carbon dioxide (CO2) emis-
sions or ES, has an effect beyond benefit:cost calcula-
tions by fundamentally changing our attitudes toward 
those resources or processes, and each other (Sandel, 
2012, 72). By assigning them a monetary value ES 
become commodities with a monetary “worth,” that 
can be owned or transferred or replaced, all ideas that 
contradict the reality of ecological and social processes. 
We agree, and briefly describe ES not as a way to cal-
culate economic value, but because ES are so widely 
used for appreciating the significance of the environ-
ment, including gardens.

ES are often classified into the following four 
groups: support (photosynthesis, soil formation); 
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regulation (water filtration, pollination, carbon 
storage affecting climate regulation, biodiversity 
conservation); provision (water, domesticated and 
wild plants for food, fiber and medicine); and cul-
ture (aesthetic, educational, recreational values) 
(Millennium Ecosystem Assessment, 2005). Food 
gardens, like other green areas, can provide a com-
bination of all these services—support and regula-
tion, in addition to the provision and culture 
services we usually think of. For example, fruit 
trees and other large perennials can capture and 
store carbon, absorb some soil pollutants, block the 
movement of airborne pollutants, and provide 
cooling and shade (Pataki et  al., 2011). When 
replacing paved urban areas (hardscapes) like park-
ing lots, gardens can increase infiltration of rainwa-
ter, especially important in areas of low rainfall and 
high temperatures (Pataki et al., 2011). Replacing 
hardscapes with gardens can also provide cooling 
as the result of increased evapotranspiration (Section 
8.2.3), shading, and increased albedo or reflectance 
of sunlight. All of these reduce the urban heat 
island effect, the phenomenon of urban microcli-
mates being warmer than surrounding areas 
(Section 4.1.3). Gardens can also attract and pro-
tect pollinators and other wildlife. For example, in 
both agricultural and ornamental landscapes, wild-
life diversity is increased by the plant genetic diver-
sity and planting complexity often found in 
polycultures (Section 6.2.3), with tall and short 
plants, different growth habits and lifecycles 
(Goddard et al., 2010).

Of course, the way gardens are managed can 
result in providing either positive ecosystem ser-
vices or negative “disservices” (Cameron et  al., 
2012). Distinguishing between these requires eco-
logical thinking and careful consideration of 
benefits:costs. Trees planted in the garden may take 
3–10 years to become carbon neutral—that is, 
begin to have a net benefit on carbon emissions, 
sequestering as much carbon in the plant as was 
released due to the energy used in growing and 
transporting the tree to the garden, and soil distur-
bance when planting (Cameron et  al., 2012). 
Similarly, composting organic waste in the garden 
instead of exporting it may result in either lower or 
higher greenhouse gas emissions, depending on how 
the composting is done and what the alternatives 
are (Cleveland et al., 2017) (Section 7.6). Gardens 
in industrial countries can be very resource inten-
sive when they include high levels of external inputs, 
such as purchased transplants, pesticides, soil 

amendments like imported guano or peat or com-
post, and machinery like rototillers. Poor water 
management in a garden that uses lots of piped 
water means that despite the ES from air cooling via 
increased shade, albedo, evapotranspiration and 
water infiltration, and the hardscape reduction the 
garden may be providing, the impact of pumping 
and delivering that amount of water could result in 
a net increase in greenhouse gas emissions.

1.4.2. Gardens reducing the environmental 
impact of food production

Yields in terms of harvested food per unit area are 
often greater from smaller areas, like gardens, com-
pared to commercial-scale fields (Netting, 1993; 
Barrett et  al., 2010, 88), primarily because small 
areas are more carefully managed. For the same 
reason, gardens may also be more efficient in terms 
of harvest per unit of inputs like water or compost, 
but because of the time spent, they are usually less 
efficient in terms of harvest per unit of labor. How 
time spent in the garden is valued, and how the 
environmental and social costs of the fossil fuels 
that increase labor efficiency in industrial agricul-
ture are calculated, makes a big difference in esti-
mates of efficiency.

Gardens can also have lower negative environ-
mental impacts than larger-scale agriculture because 
they use less energy and resources per unit of food 
for production, storage, cooling, and packaging, the 
proportion of wasted food is generally lower, and 
transportation is eliminated. For example, in one 
model of home gardens in southern California, the 
greenhouse gas emissions of purchased vegetables 
(1 kg CO2 equivalent per kg of vegetables per year) 
was more than twice that of vegetables harvested 
from the garden (Cleveland et al., 2017).

1.5. Economic Benefits

The word economy derives from the Greek oikono-
mia meaning “household management.” This 
reminds us that even though we tend to think that 
the economic benefits of gardens are financial ones 
like the market value of fruits and vegetables 
grown, other benefits that gardens contribute to 
household and community wellbeing could also 
be included, such as recreation, increased knowl-
edge, pleasant spaces, maintenance of preferred 
crop varieties, improved nutrition and health, 
and ES. But, as with ES, the question is, how are 
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non-monetary benefits valued? We suggest that 
sometimes, instead of absolute numbers, valuation 
can be relative. However it is assessed, valuation 
should be done locally by those affected, because it is 
very context specific and subjective. For example, the 
value of a garden that is a pleasant public space pro-
viding enjoyable physical activity may be much 
greater in a poor neighborhood or housing project 
than a middle-class suburb.

In this section we focus on the more easily mon-
etized economic benefits: indirect benefits from 
savings when garden produce replaces food that 
would otherwise be purchased, and direct benefits 
from selling or trading garden produce. For these, 
monetary costs need to be subtracted from benefits 
in order to estimate the net economic benefit of 
food gardens.

While household and community gardeners may 
not want to take the time to estimate monetary 
economic benefits, this can be an important exer-
cise when food gardens are being compared with 
alternative uses of resources like land and water, or 
alternative ways of achieving benefits, like commu-
nity centers or nutritional programs.

1.5.1. The net economic benefit  
of food gardens

Calculating the net economic benefit of the garden 
requires subtracting total monetary cost of inputs 
like time, water and compost from total monetary 
value of outputs, like the vegetables, fruits, herbs, 
and other things harvested. An important input is 
the gardener’s time, but calculating its cost is very 
subjective. The opportunity cost approach is 
favored by most economists and involves compari-
son of the benefits of one choice with the benefits 
of another available choice. For example, accord-
ing to this approach, the chard grown by a 30-year 
old earning $200 per hour as a software engineer 
would have a much higher cost than chard grown 
by an older, unemployed man because in theory her 
time is “worth” much more than his.

However, using monetary returns from alterna-
tive ways of spending your time assumes that maxi-
mizing income is always the priority, and does not 
include other ways of valuing time or people. For 
example, an urban extension agent in Tucson dis-
couraged us from working with a community gar-
den at a housing project, telling us that gardens are 
only for wealthy hobbyists, because growing food 
at home is more expensive than buying it at the 

store. This may have been because he assumed, 
without providing any evidence, that resource-
intensive methods would be used, or that time 
spent working in the garden would be valued at 
gardeners’ rates of pay in their regular jobs. It may 
also be because he assumed that the value of gardens 
could only be estimated from the money saved in 
grocery bills. This encounter inspired us to docu-
ment the net economic benefit of two gardens, and 
we think we proved him wrong (Cleveland et  al., 
1985) (Section 1.5.2). In addition, for most people, 
time in the garden has other values, and may even be 
seen as recreation, something people often pay for.

Calculating the economic value per unit of indi-
vidual inputs or outputs can also be useful. For 
example, the retail value of different vegetables 
grown per m2 of garden area or per m3 of water 
applied, or the cost of water applied per m2 of gar-
dened area. An advantage of per unit value calcula-
tions compared to total value calculations is that it 
makes it easier to compare different gardens, sea-
sons, gardening methods, and other variables, 
including other ways of production. Per unit calcula-
tions are also very useful when trying to make your 
garden more efficient for specific variables like 
water, space, or your time (Section 8.5).

1.5.2. Savings through direct consumption

Saving money on food bills is a major motivation 
for food gardening in the US (NGA, 2014). The 
amount of money that people spend on food is 
relatively inelastic, that is, once a basic quantity of 
food is obtained, the amount does not change 
much when the price of food or household income 
changes, because food is essential. We say relatively 
inelastic because consumption, including of food, 
in industrialized countries has been expanding 
beyond basic needs as consumers seek to increase 
not only the quantity they consume, but also qual-
ity or prestige, such as gourmet, exotic, or novelty 
foods (Witt, 2017). In comparison, spending on 
recreation is very elastic, changing a lot depending 
on its price or household income. Because the amount 
of food spending is relatively inelastic, low-resource 
households spend a greater proportion of their 
resources buying food. For example, in the US, 
15.7% of the lowest income households’ expenses 
are for food, compared to 11.2% for households in 
the highest income bracket (USBLS, 2016).

Interestingly, even though saving money is a 
major motivation for food gardening in the US, 
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there have been very few systematic studies of the 
financial costs and benefits of food gardening. 
One reason is that the overall trend in home gar-
dening in the US had been downward for many 
years (Putnam, 2000), although there have been 
spikes of increased gardening, for example during 
World War I, the depression of the 1930s, and 
World War II (Lawson, 2005). In 1919, per capita 
consumption of home grown vegetables was 59 kg 
(131 lb) per year, in 1998 it was 5 kg (11 lb), and 
then data stopped being collected (Putnam, 2000, 
Fig. 16). However, survey data show that garden-
ing in the US is now increasing; there was an 
estimated total of 42 million households with 
food gardens in 2013, a 17% increase from 2008 
(NGA, 2014). One estimate is that for every dollar 
spent on garden inputs approximately $8 worth 
of fruits and vegetables is produced (NGA, 2009). 
However, these data are from an industry-spon-
sored survey and assume the use of many pur-
chased inputs, but also do not include the value of 
land, water or labor, and assume gardening to be 
recreational.

The economic savings that gardens can provide 
depend on how this is calculated, including the value 
given to different inputs and outputs. For some of 
these, such as purchased inputs, the market value is 
typically accepted as representing the financial costs 
or savings to the gardener. For example, the direct 
costs of water ($ per m3 or per ft3), or purchased 
seeds ($ per m2 or per ft2 planted), are relatively easy 
to calculate. Putting a monetary value on inputs like 
homemade compost, saved seeds, and labor is much 
more complicated. Putting a monetary value on the 
food harvested can also be tricky, because there may 
not be good equivalents in local stores.

Most studies of the value of garden production 
have been extrapolations based on individual plant 
yield. Using species-specific per plant yield estimates 
calculated from unpublished data from organic 
garden advocates (Rodale Institute, Ecology Action), 
a study of 144 Philadelphia community gardeners 
in the late 1980s estimated their garden produce 
had an average annual value of $160 per garden 
(Blair et  al., 1991). More recently (2008), a small 
sample of participating gardeners, also in Phila-
delphia, recorded produce weight per crop for individ-
ual crops which was then used to estimate that 226 
gardens produced a mean of $35.94 of produce m−2 
($3.34 ft−2) (Vitiello and Nairn, 2009). Similarly in 
New York City, data from a sample of gardeners 
provided yields and/or number of plants of a crop 

in an area, and these data were used to estimate that 
67 gardens produced an average of $32.28 of pro-
duce m−2 ($3 ft−2) in 2010 (Gittleman et al., 2012). 
A study in San Jose, California weighed the produce 
of 10 experienced community gardeners, and found 
an average yield of 1.78 kg m−2 (0.75 lb ft−2), 
valued at $12.16 m−2 ($1.13 ft−2) (Algert et  al., 
2014). None of these studies documented the costs 
of inputs, including water.

With resources becoming scarcer, and many 
growing environments becoming more stressful, the 
cost of inputs such as piped water or imported com-
post will become important in calculating the eco-
nomic viability of gardens, so thinking in terms of 
ecological networks and life cycles is essential. In 
our study of two urban desert gardens in Tucson, 
Arizona (Cleveland et  al., 1985) we measured all 
inputs and outputs over a total of five garden years, 
using market rate equivalents, and excluding high 
prices in estimating value of harvest. For example, 
although we often grew basil that sells for a high 
price per pound, we used the price of more common 
leafy greens like lettuce to avoid over-valuing our 
produce. We found average net returns of $3.67 and 
$5.44 m−2 ($0.33 and $0.49 ft−2) of growing area, 
including the cost of water, compost and seeds. The 
average yield was 1.75 kg m−2 yr−1, and returns to 
labor were $0.72 and $1.11 hour−1, but the gardens 
were not intended to maximize production or labor 
income—and the time spent was considered to be 
leisure, not drudgery. In Section 3.2.2 we discuss 
doing a food garden input:output study.

1.5.3. Increased income or trade value

Food gardens can provide supplemental income or 
goods from selling or trading garden produce. 
Opportunities for this are increasing as farmers’ 
markets become more popular, and cities are chang-
ing regulations to allow gardeners to legally sell 
their produce, for example in San Francisco (Section 
4.2.2). Barter networks and exchanges are also 
becoming popular, such as the public “crop swaps” 
the San Diego Seed Library has started organizing.

As with household savings from gardens, the net 
value of the income or trade depends on the costs 
of inputs. Other benefits can be hard to quantify 
but are quite important. For example, trade may be 
the only way to obtain special foods or goods 
grown or made by others, and participation in a 
market can be a source of positive feelings about 
self and a valued social activity for gardeners.
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Increasing income by marketing garden produce 
may be a motivation for some gardeners. However, 
low-income gardeners may find marketing difficult 
if the price they need to charge for their produce is 
too high for people in their community to afford 
(Alkon and Mares, 2012).

1.6. Food Gardens and Food Justice

Justice, including food justice, is one of the most 
challenging benefits to achieve, yet in many ways 
the most important, and there is a growing number 
of inspiring garden projects focused on justice. 
Without justice, all other benefits and resources are 
at risk for anyone not a part of the power structure. 
Thinking about justice, food, and gardens is part of 
a larger discussion of food security, food sover-
eignty, and social equity, and demands that we 
move beyond equal treatment, and address the 
historical, structural, economic, and other enduring 
sources of inequity.

Discussions of food and hunger are slowly chang-
ing from a focus on food security to food sover-
eignty and food justice. Food security is focused on 
eliminating hunger by ensuring people are fed, 
however it has become clear that this has not elimi-
nated many of the reasons people are hungry and 
does not address injustice. Food sovereignty means 
that people and communities not only have a secure 
source of food, but that they have control over their 
food system, and that it provides a healthy, just, 
dignified life. The idea of food sovereignty was first 
defined by La Via Campesina in 1996 as control of 
the food system based on social justice (LVC, 2008, 
61, 147–148). Started as a movement among farm-
ers and peasants in the global south, the relevance 
and importance of food sovereignty to industrial-
ized country food systems has become clear as well. 
Reasons for this include the division of food sup-
plies into expensive healthy diets for the wealthy, 
and the cheap, unhealthy diets for the poor, the 
enormous negative health consequences for low-
income people, and their lack of power in the food 
system. The food justice movement emphasizes the 
need for equity and fair treatment of everyone in the 
food system (Gottlieb and Joshi, 2010; Food Chain 
Workers Alliance, 2012).

The UN recognized the human right to food in 2004 
(FAO, 2005), and shifting the emphasis from a right to 
food to a right to sovereignty over food links the food 
system strongly to other human rights, and not simply 
the right to consume minimally adequate diets.

1.6.1. Gardens reinforcing inequity

We have described lots of potential benefits of 
food gardens, but we also know that gardens are 
not magical. Despite the many potential benefits 
outlined above, there are problems for which gar-
dens alone are not a sufficient or appropriate 
response. And sometimes gardens don’t help at all, 
and can even do harm. In those cases, acknowledg-
ing this and supporting communities in setting 
their own priorities, as well as trying to under-
stand why gardens are insufficient or inappropri-
ate, helps address the problem in different, better 
ways. Indeed, there are times when food gardens 
are part of the problem, and this is why listening 
to what people say, what they want, their worries 
and dreams, is so essential. But the situation is 
complicated; for example, gardens in the US neces-
sarily function as part of the larger inequitable and 
unjust society, dominated by neoliberal economic 
policies. Therefore, many gardens, garden projects, 
and programs may advance justice in some ways, 
and injustice in other ways (McClintock, 2014), 
another example of tradeoffs.

Obviously, denying individuals, groups, or com-
munities access to gardens or resources that are 
available to others is unjust, but in some cases so is 
providing access to gardens. For example, gardens 
have been used to support the exploitation of labor-
ers by requiring them to grow some of the food they 
need because they are not paid enough to obtain it 
any other way. These are gardens used to subsidize 
inequity, and they have been a part of feudal and 
colonial strategies for centuries. It was the case with 
garden plots given to African slaves on sugar planta-
tions in the “New World,” which they were allowed 
to work only in what time they had left after long 
hours laboring in their masters’ fields and gardens 
(Carney and Rosomoff, 2009, 108–109, 131–135). 
A similar situation existed for Native Americans 
after the invasion by Europeans, for example in 
California’s Roman Catholic missions (Castillo, 
2015). In the US, programs encouraging “victory” 
gardens when the national priority was war funding 
have been seen by some this way (Pudup, 2008). 
Similarly, providing a housing project with a garden 
space is not a substitute for better living conditions 
or space for children to play, and does not make up 
for the lack of affordable grocery stores with good 
quality fresh produce in the neighborhood.

The positive associations with gardens can also 
be co-opted for other ends. In Vancouver, British 
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Columbia, Canada, a private development com-
pany established a “community garden” on a 
vacant lot it acquired, later admitting the purpose 
was to keep homeless people off the land and give 
the company a good image; the garden was also 
used to place a large billboard advertising their 
gentrifying development in a low-income neighbor-
hood (Quastel, 2009).

Gardens and garden projects that are seen as 
rationalizing and perpetuating inequity will under-
standably result in resentment, and participation 
may simply be the result of desperation. Community 
gardens may also create or reinforce community 
divisions when one group takes control, monopo-
lizing resources or decision making, increasing 
animosity, and exacerbating instead of diminishing 
inequity (Glover, 2004).

Inequity arising from gardens is not always 
intentional. Community food gardens have been 
shown to improve property values by removing 
blight, providing recreation, and encouraging a 
sense of community (Voicu and Been, 2008). But 
unless precautions are taken, these improvements 
may not have positive results for people in the 
neighborhood, because they can lead to increased 
tax rates and gentrification, pushing those residents 
out, as observed for urban green spaces generally in 
examples in China and the US (Wolch et al., 2014). 
When a community garden was established by a 
well-meaning outside organization in a low-income, 
African American neighborhood in Seattle, resi-
dents perceived it as replicating unjust historical 
power relations, removing that space from com-
munity access and control (Ramírez, 2015).

1.6.2. Gardens and hidden agendas

Some popular garden projects today have been 
interpreted as serving an implicit sociocultural or 
economic agenda, in a sense indoctrinating partici-
pants into practices and values that do not neces-
sarily serve their best interests (Pudup, 2008). We 
have seen this in garden projects around the world 
where a failure to appreciate, let alone even acknowl-
edge, the existence of local gardens, led to formally 
trained technicians and agencies imposing their 
ideas of “proper” gardens, crops, and inputs. Even 
though it may not be intentional, this approach 
reflects a lack of respect and an ignorance of local 
knowledge and environments, with the end result 
being inappropriate gardens that dry up simultane-
ously with project funding.

When the priority is exploitation, making a 
profit, avoiding social responsibility, or bolstering 
some other hidden agenda, the full benefits of food 
gardens will not be realized because decisions will 
ultimately be based on those priorities, and not the 
wellbeing of the people and communities involved. 
And most importantly, these hidden and not so hid-
den agendas take control and decision making 
away from participants and their communities. 
Being thoughtful and explicit about the assump-
tions and goals of garden projects involving com-
munity members and outsiders helps in working 
towards genuine collaboration and participation, 
and in avoiding manipulation and exploitation.

1.7. Resources

All the websites listed below were verified on May 
3, 2018.

1.7.1. Nutrition and physical activity

The USDA’s online, searchable Food Composition 
Database provides nutrient content of many foods, 
including for different preparations and quantities. 
The most recent release came out in April 2018.
https://ndb.nal.usda.gov/ndb/

The USDA’s Dietary Guidelines for Americans pro-
vide recommendations for diets, including vegetar-
ian diets (USDA and HHS, 2015a). However, some 
of its recommendations may be more influenced by 
the food industry than scientific knowledge, for 
example its recommendation to increase dairy 
consumption.

The US National Health and Nutrition Examination 
Survey (NHANES) can be explored online.
https://www.cdc.gov/nchs/nhanes/index.htm

The US Institute of Medicine develops the dietary 
reference intakes (DRIs) for different nutrients and 
different age and gender groups. These data, and 
more information about the DRIs are available here:
https://www.nal.usda.gov/fnic/dietary-reference- 
intakes

Harvard University’s School of Public Health has a 
number of webpages with accessible information 
about diets, health, and physical activity based on 
published scientific research.
https://www.hsph.harvard.edu/nutritionsource/

https://ndb.nal.usda.gov/ndb/
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.nal.usda.gov/fnic/dietary-reference-intakes
https://www.nal.usda.gov/fnic/dietary-reference-intakes
https://www.hsph.harvard.edu/nutritionsource/
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The American College of Lifestyle Medicine is a 
global professional association for medical practi-
tioners emphasizing the capacity of lifestyle habits, 
including healthy diet, physical activity, and not 
smoking to address many major health problems. 
They offer training, and their scientific evidence 
page has links to abstracts of relevant current 
research.
http://www.lifestylemedicine.org/

The US Government’s Office of Disease Prevention 
and Health Promotion publishes Physical Activity 
Guidelines that include chapters for different parts 
of the population, such as Chapter 4, “Active 
adults.” Physical fitness is described and the contri-
bution of different types of gardening activity is 
included in their recommendations of ways to 
achieve healthy physical activity.
https://health.gov/paguidelines/guidelines/

New guidelines published in 2018 are less detailed.
https://health.gov/paguidelines/second-edition/

Oldways is a nonprofit organization that receives 
funding from some trade organizations. Nevertheless, 
it has some interesting graphics and is a good source 
of culturally relevant food pyramids (African heri-
tage, Latinx, Mediterranean, Asian, vegetarian/vegan).
http://oldwayspt.org/

The weight of the nation is an excellent documen-
tary produced by HBO and the Institute of Medicine 
(IOM) describing the evolution, causes, and costs of 
the current obesity epidemic in the US, based on a 
report by the IOM (IOM, 2012).

The US Department of Agriculture’s National 
Organic Program (USDA NOP) regulates “organic” 
production in that country. USDA NOP informa-
tion, including links to pages with regulations, 
allowed and prohibited materials and practices, can 
be found at this website:
https://www.usda.gov/topics/organic

For information on organic standards and produc-
tion globally: IFOAM Organics International in 
collaboration with other organizations has defined 
organic agriculture very broadly, and publishes the 
Common Objectives and Requirements of Organic 
Standards (COROS) (https://www.ifoam.bio/en/
coros). Since 2000 the Research Institute of 
Organic Agriculture and IFOAM have published 

the yearbook The world of organic agriculture 
with data on organic agriculture from countries 
worldwide.
https://www.organic-world.net/yearbook.html

1.7.2. Food justice

The UN’s Special Rapporteur on the Human Right 
to Food has been at the forefront of bringing the 
discussion of food and humane food production as 
a human right to international attention.
https://www.ohchr.org/EN/Issues/Food/Pages/
FoodIndex.aspx
The current Rapporteur's blog is here
https://hilalelver.org/

The website of the Special Rapporteur 2008–2014 
has links to many documents he produced regard-
ing food, agriculture, biodiversity, food sovereignty, 
and more.
http://www.srfood.org/

The USDA’s Food Access Research Atlas has data 
by census tract and subpopulation for the US that 
can be downloaded and used to make maps.
https://www.ers.usda.gov/data-products/food-
access-research-atlas.aspx

There are a growing number of organizations 
and projects devoted to food growing and justice 
that offer training, mentoring, social networking, 
and other forms of support. For example, Black 
Urban Growers and the Native American Food 
Sovereignty Alliance.
https://www.blackurbangrowers.org/  
https://nativefoodalliance.org/
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Table 1A.1. Nutrient requirements and nutrient content of garden produce

Vitamins Minerals (mg) Macronutrients and fiber (g)

Energy 
(kcal)A (IUa) C (mg) E (mg) Ca Fe K Mg Zn Protein Fiber

Fat,
total Sugars

RDA (recommended dietary allowance, units day−1)

RDA for active 40-year-old female 14,000 75 15 1000b 18 90b 320 8 46 25b ND 130c d

RDA for active-40-year old male 18,000 90 15 1000b 8 120b 420 11 56 38b ND 130c d

Garden produce (nutrient content of one cup prepared volume, with gram equivalent given)

Almonds, raw whole (143 g) 3 0.0 36.65 385 5.31 1048 386 4.46 30.24 17.9 71.40 6.22 828
Black beans, boiled (172 g) 0 0.0 NA 385 3.61 611 120 1.93 15.24 15.0 0.93 0.55 227
Carrots, raw, grated (110 g) 18,377 6.5 0.73 36 0.33 352 13 0.26 1.02 3.1 0.26 5.21 45
Chard, boiled and drained (175 g) 10,717 31.5 3.31 102 3.95 961 150 0.58 3.29 3.7 0.14 1.93 35
Cilantro, fresh, raw leaves (16 g) 1,080 4.3 0.40 11 0.28 83 4 0.08 0.34 0.4 0.08 0.14 4
Collards, boiled and drained (190 g) 14,440 34.6 1.67 268 2.15 222 40 0.44 5.15 7.6 1.37 0.76 63
Green beans, boiled (125 g) 800 12.1 0.56 55 0.81 182 22 0.31 2.36 4.0 0.35 1.94 44
Jujube fruit, fresh, raw (100 g) 40 69.0 NA 21 0.48 250 10 0.05 1.20 NA 0.20 NA 79
Loquat, fresh, raw, chopped (149 g) 2,277 1.5 NA 24 0.42 396 19 0.07 0.64 2.5 0.30 NA 70
Nopales, cooked (141 g) 660 7.9 0.00 244 0.74 291 70 0.31 2.01 3.0 0.07 1.67 22
Olives, cured, green (100 g) 400 0.0 3.81 52 0.49 42 11 0.04 1.03 3.3 15.22 0.54 145
Persimmon, fresh, raw (100 g) 1,620 7.5 0.73 8 0.15 161 9 0.11 0.58 3.6 0.19 12.53 70
Picante red chile pepper, raw (150 g) 1,440 215.6 1.04 21 1.54 483 34 0.39 2.80 2.2 0.66 7.95 60
Pomegranate, fresh, arils only (174g) 0 17.7 1.04 17 0.52 411 21 0.61 2.91 7.0 2.04 23.79 144
Tomatoes, raw, sliced (180 g) 1,520 24.7 0.97 18 0.49 427 20 0.31 1.58 2.2 0.36 4.73 32
Winter acorn squash, baked (205 g) 877 22.1 NA 90 1.91 896 88 0.35 2.30 9.0 0.29 NA 115
Yard long beans, boiled (104 g) 480 16.8 NA 46 1.02 302 44 0.37 2.63 NA 0.10 NA 49

Examples of animal products for comparison (nutrient content of one cup prepared volume, with gram equivalent given)

Cheddar cheese, shredded (113 g) 1,403 0 0.80 802 0.16 86 31 4.11 25.84 0 37.64 0.54 455
Chicken breast, roasted (140 g) 130 0 0.38 20 1.50 343 38 1.43 41.72 0 10.89 0.00 276
Cooked ground beef (100 g) 22 0 0.43 25 2.67 353 22 6.19 25.07 0 14.53 0.00 240
Low fat, 1% milk, vitamin A & D  

fortified (244 g)
478 0 0.02 305 0.07 366 27 1.02 8.22 0 2.37 12.69 102

RDAs based on Otten et al. (2006); nutrient content based on USDA ARS (2018).
IU = international units; RDA = recommended dietary allowance, “Average daily dietary nutrient intake level sufficient to meet the nutrient requirement of nearly all (>97%) of individuals 
in a particular life stage and gender group” (Otten et al., 2006); ND = not determined; NA = not available.
a20 IUs of beta carotene ≊ 1 RAE (retinol activity equivalent) (https://ods.od.nih.gov/factsheets/VitaminA-HealthProfessional/). Nutritionists use RAE, but we use IUs in order to 
visualize and compare nutrients between figures and tables, and because IUs are the units typically given on food labels.
bGiven only as adequate intake (AI), sufficient minimum intake for health.
cCarbohydrates (starches and sugars).
dDepends on height, physical activity, and other factors.

https://ods.od.nih.gov/factsheets/VitaminA-HealthProfessional/
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Table 1A.2. Comparison of some energy-dense foods with some nutrient-dense foods from the garden

Food (g equivalent)
Water

(g)
Protein

(g)
Total
fat (g)

Carbo-
hydrate

(g)
Sugars

(g)

Total
fiber
(g)

Energy
(kcal)

Vitamins Minerals (mg)

A
(IU)

C
(mg)

E
(mg) Ca Fe Mg K Na

Content kcal−1

Energy-dense foods
French fries (0.35 g) 0.14 0.01 0.05 0.15 0.00 0.0 1 0 0.0 0.01 0 0.00 0 2 1
Potato chips (0.17 g) 0.00 0.01 0.06 0.09 0.00 0.0 1 0 0.0 0.02 0 0.00 0 2 1
Sugar doughnut (0.23 g) 0.04 0.01 0.05 0.12 NA 0.0 1 0 0.0 NA 0 0.00 0 0 1
Cola soda drink (2.44 g) 2.14 0.00 0.01 0.25 0.24 0.0 1 0 0.0 0.00 0 0.00 0 0 0

Nutrient-dense foods from the  
garden
Raw carrot sticks (2.40 g) 2.12 0.02 0.01 0.23 0.11 0.1 1 402 0.1 0.02 1 0.10 0 8 2
Boiled, fresh green beans  

(2.90 g)
2.59 0.05 0.01 0.23 0.11 0.1 1 18 0.3 0.01 1 0.02 0 4 0

Cooked collards (3.00 g) 2.71 0.08 0.02 0.17 0.01 0.1 1 228 0.5 0.03 4 0.03 0 4 0
Boiled amaranth leaves  

(4.80 g)
4.39 0.10 0.01 0.20 NA NA 1 133 2.0 NA 10 0.11 3 31 1

Content cup−1 volume

Energy-dense foods
French fries (117 g) 45.10 4.01 17.23 48.48 0.35 4.4 365 0 5.5 1.95 21 0.95 41 677 246
Potato chips (227 g) 4.22 14.51 77.13 122.19 0.75 7.0 1208 0 49.0 23.72 48 2.91 143 2715 1196
Sugar doughnut (45 g) 8.82 2.43 10.30 22.86 NA 0.7 192 4 0.0 NA 27 0.48 8 46 181
Cola soda drink (246 g) 219.82 0.00 0.61 25.49 24.45 0.0 103 0 0.0 0.00 2 0.05 0 12 7

Nutrient-dense foods from the  
garden
Raw carrot sticks (122 g) 107.70 1.13 0.29 11.69 5.78 3.4 50 20,381 7.2 0.81 40 0.37 15 390 84
Boiled, fresh green beans  

(125 g)
111.53 2.36 0.35 9.85 4.54 4.0 44 791 12.1 0.57 55 0.81 22 182 1

Cooked collards (190 g) 171.34 5.15 1.37 10.73 0.76 7.6 63 14,440 34.6 1.67 268 2.15 40 222 28
Boiled amaranth leaves  

(132 g)
121.00 2.79 0.24 5.43 NA NA 28 3656 54.3 NA 276 2.98 73 846 28

(USDA ARS, 2018)
IU = international units; NA = not available.
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