Winter sun: This sunflower is
a hyhrid of an annual crop fiower
and a wild perennial relative.
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AGRICULTURE

Crops That
Don’t Need

Replanting

Year-round crops can stabilize the soil and increase yields.
They may even fight climate change

BEFORE AGRICULIURE, MOST OF THIE PLANEL WAS COVERED WITH PLANTS THAT LIVEL YEAR
after year. These perennials were gradually replaced by food crops that have 1o be
replanted every year. Now scientists are contemplating reversing this shift by cre-
ating perennial versions of tamiliar crops such as corn and wheat. If they are suc-
cessful, yields on farmland in some of the world’s most «desperately poor places
could soar. The plants might also soak up some of the excess carbon in the earth’s
atmosphere.

Agricultural scientists have dreamed of replacing annuals with equivalent pe-
rennials for decades, but the genetic technology needed to make it happen has ap-
peared only in the past 10 or 15 years, says agroecologist Jérry Glover. Perennials
have numerous advantages over crops that must be replanted every year: their deep
roots prevent erosion, which helps soil hold onto critical minerals such as phospho-
rus, and they require less fertilizer and water than annnals do. Whereas conven-
tionally grown monocrobs are a gource of atmospheric carbon, land planted with
perennials does not require tilling, turming it into a carbon sink.

Farmers in Malawi are already getting radically higher yields by planting rows of
perennial pigeon peas between rows of theit usual staple, corn. The peas are a much
needed source of protein for subsistence farmers, but the legumes also increase soil
veater retention and double soil carbon and nitrogen content without reducing the
yield of the primary crop on given plot of land.

Taking pereiinials 10 the next level—adopting them on the scale of conventional
crops—will requirve & gignificant scientific effort, however. Ed Buckler, aplant genet-
icist at Cornell University who plans to develop a perennial version of corn, thinks it
will take five years to identify the genes responsible for the trait and another decade
to breed a viable strain. “Even using the highest-teclinology approaches available,
you're talking almost certainly 20 vears from now for perennial maize,” CGlover says.

Scientists have been accelerating the developmeni; of perennials by using ad-
vanced genotyping teciinology. They can now quickly analyze the genoines of plants
with desirable traits to search for associations bhetween genes and those traits.
When a firsi generation of planis produces seeds, researchers sequence young
plants directly to find the handful out of thousands that retain those traits (rather
than waiting for them to grow to adulthood, which can take years).

Once perennial alternatives 1o annual crops are available, rolling them out could
have a big impact on carbon emissions. The key is their root systems, which would se-
quester, in each cubic meter of topseil, an amount of carbon equivalent to 1 percent of
the mass of that dirt. Douglas Kel, chief executive of the UK’ Biotechnology and Bio-
logical Sciences Research Council, has caleulated that replacing 2 percent of the
world’s annual crops with perennials each year could remove enough carbon 10 halt
the increase in atmogpheric carbon dioxide, Converting all of the planet’s farmiand 0
perennials would sequester the equivalent of 118 parts per million of carbon dioxide—
enougl, in other words, to pull the concentration of atmospheric greenhouse gases
back to preindustrial levels. —(Christopher Mims
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SUSTAINABILITY

FEED THE WORI.D

SUSTAIN

THE PLANET?

A five-step global plan could double food production by 2050
while greatly reducing environmental damage

By Jonathan A. Foley
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But ancther challenge looms,

By 2050 the world’s population will increase by two billion or
three billion, which will likely double the demand for food, accord-
ing 1o several studies, Demand will also rise because many more
peopie will have higher incomes, which means they will eat more,
especially meat. Increasing use of croptand for biofuels will put
additional demands on our farms. So even if we solve today’s prob-
lems of poverty and access—a daunting task—we will also have to
produce twice as much to guarantee adequate supply worldwide.

And that’s not all.

By clearing tropical forests, farming marginal lands, and in-
lensifying industriat farming in sensitive landscapes and water-
sheds, humankind has made agriculture the planet’s dominant
environmental threat, Agricultre already consumes a large

percentage of the earth’s land surface and is destroying habitat,

using up freshwater, polluting rivers and oceans, and emitting
greenhouse gases more extensively than almost any other hu-
man activity. To guarantee the globe's long-term health, we must
* dramatically reduce agriculture’s adverse impacts.

The world’s food system faces three incredible, interwoven
challenges. It must guarantee that all seven billion people alive
today are adequately fed; it must double food production in the
next 40 years; and it must achieve both goals while becoming
truly envirenmentally sustainable.

Could these simultaneous goals possibly be met? An interna-
tional team of experts, which I coordingted, has settled on five
steps that, if pursued together, could raise by more than 100 per-
cent the food available for human consurmption globally, while sig-
nificantly lessening greenhouse gas emissions, biodiversity losses,
water use and water pollution. Tackling the triple challenge will be
one of the most important tests humanity has ever faced. It is fair
to say that our response will determine the fate of our civilization,

BUMPIMG UP AGAINST BARRIERS
AT RIRST BLUSH, the way t0 feed more people would seem clear:
grow more food, by expanding farmland and improving yield—
the amount of crops harvested per hectare. Unfortunately,

IGHT NOW ABOUT ONE BILLION PEOPLE SUFFER FROM CHRONIC HUNGER. THE WORLD'S
farmers grow enough food to feed them, but it is not properly distributed
and, even if it were, many cannot afford it, because prices are escalating.

the world is running into significant barriers on both counis.

Sociely already farms roughly 38 percent of the earti’s land
surface, not counting Greenland or Antarctica. Agriculture is by
far the biggest human use of land on the planel; nothing else
comes close. And maost of that 38 percent covers the best farm-
land. Much of the remainder is covered by deserts, mountains,
tundra, ice, cities, parks and other unsuitable growing areas. The
few remaining frontiers are mainly in tropical forests and savan- '
nasg, which are vital torthe stability of the globe, especially as
stores of carbon and biodiversity. Expanding into those areas is
net a good idea, vet over the past 20 years five million to 10 mil-
lion hectares of cropland a year have been created, with a signifi-
cant portion of that amount in the tropics. These additions en-
larged the net area of culiivated land by only 3 percent, however,
because of farmland losses caused by urban development and
other forces, particularly in temperate zones.

Improving vield also sounds enticing. Yet our research team
found that average global crop vield increased by ahout 20 per-
cent in the past 20 vears—far less than what is typically report-
ed. That improvement is significant, but the rate is nowhere
near enough to double food production by midcentury. Whereas
vields of some crops improved substantially, others saw little
gain and a few even declined.

Feeding more people would be easier if all the food we grew
went into human hands. Bat only 60 percent of the world’s
crops are meant for people: mostly grains, followed by pulses
(beans, lentils), oil plants, vegetables and fruits. Another 35 per-
cent is used for animal feed, and the final 5 percent goes to bio-
fuels and other industrial products. Meat is the biggest issue
here. Even with the most efficient meat and dairy systems, feed-
ing crops to animals reduces the world’s potential food supply.
Typically grain-fed cattle operations use 30 kilograms of grain to
make one kilogram of edible, boneless beef, Chicken and pork
are more efficient, and grags-fed beef converts nonfood material
into protein. No matter how you slice it, though, grain-fed meat
production systems are a drain on the global food supply.

Another deterrent to growing more food is damage to the en-

IN BRIEF

Asystem for certifying foods based on how well each

The world must solve thiee food problems simultane-
ously: end hungar, double food preduction by 2050,
and do hoth while drastically reducing agriculture’s
damage to the environment.

Five solutions, pursued together, can achieve thess

goals: stop agriculture from consuming more tropical
land, boost the productivity of farms that have the
lowest yields, raise the efficlency of water and fertilizer
use worldwide, reduce per capita meat consumption
and reduce waste in food production and distribution,
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one defivers nutrition and foed security and limits en-
vironmental and social costs would help the public
choose products that push-agricutture in a more sus-
tainable direction.
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vironment, which is already extensive. Only our use of energy,
with its profound impacts on climate and ocean acidification, ri-
vals the sheer magnitude of agriculture’s environmental im-
pacts. Our research team estimates that agriculture has already
cleared or radically transformed 70 pereent of the world’s prehis-
toric grasslands, 50 percent of the savannas, 46 percent of the
temperate deciduous forests and 25 percent of the tropical for-
ests. Since the last ice age, nothing has disruptgd ccosystems
more. Agriculture’s physical footprint is nearly 60 times that of
ihe world’s pavements and buildings.

Freshwater is another casnalty. Humans use an astounding
4,000 cubic kilometers of water per yvear, mostly withdrawn
from rivers and aquifers. Trrigation accounts for 70 percent of
the draw. If we count only consumptive water use—water that is
used and not returned to the watershed—irrigation climbs to 80
or 90 percent of the total, As a result, many large rivers, such as
the Colorado, have diminished flows, some have dried up alto-
gether, and many places have rapidly declining water tables, in-
cluding regions of the U.S, and India.

Water is not only disappearing, it is being contatninated. Fer-
tilizers, herbicides and pesticides are being spread at incredible
levels and are found in nearky every ecosystem, The flows of nitro-
gen and phosphorus through the environment have more than
doubled since 1960, causing widespread water pollution and
enormous hypoxic “dead zones” at the mouths of many of the
world’s major rivers. Ironically, fertilizer runoff from farmland—
in the name of growing more food—compromises another crucial
source of nutrition: coasial fishing grounds. Fertilizer certainly

has been a key ingredient of the green revolution that has helped
feed the world, but when nearly half the fertilizer we apply rung
off rather than nourishes crops, we clearly can do better.

Agriculture is also the largest single source of greenhouse
gas emissions from society, collectively accounting for about 35
percent of the carbon dioxide, methane and nitrous:oxide we re-
lease, That is more than the emissions from worldwide irans-
portation (including ail cars, trucks and planes) or eleciricity
generation. The energy used to grow, process. and transport
food is a concern, but the vast majority of emissions contes from
tropical deforestation, methane released from animals and rice
paddies, and nitrous oxide from overfertilized soils.

4
]

FIVE SOLUTIONS

MODERN AGRICULTURE hag been an incredibly positive force in the
world, but we can 1o longer ignore its dwindling ability to ex-
pand or the mounting environmental harm it imposes. Previous
approaches to solving food and environmental issues were often
at adds. We could boost food production by clearing more land
or using more water and chemicals but only at a cost to the envi-
ronment. Or we could restore ecosystems by taking farmland out
of cultivation but only by reducing food production. This either-
or approach is no longer acceptable We need truly integrated
solutions.

After many months of research and deliberation—based on
analysis of newly generated global agricultural and environmen-
tal data—our international team has settled on a five~-point plan
for dealing with food and environmental challenges together.
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Stop expanding agriculture’s foolprint.
Our first recommendation is to slow and ulti-
mately stop the expansion of agricuiture, par-
ticularly into tropical forests and savannas.
The demise of these ecosystems has far-reach-
ing impacts on the environment, especially
through lost biodiversity and increased car-
bon dioxide emissions (from clearing land}.
Slowing deforestation would dramatically
reduce environmental damage while impos--
ing only minor constraints on global food
production, The resulting dip in farm capaci-
ty could be offset by reducing the displace-
ment of more productive croplands by urban-
ization, degradation and abandonment.
Many propoesals have been made to reduce
deforestation, One of the most promising is
the Reducing Emissions from Deforestation
and Degradation (REDD) mechanism. Under
REDD, rich nations pay tropical nations to
protect their rain forests, in exchange for car-
bon credits, Other mechanisms include devel-
oping certification standards for agricultural
products so that supply chains can be assured
that crops were not grown on lands created by
deforestation. Also, better biofuel policy that
relies on nonfood crops such As switchgrass
instead of food crops could make vital farm-
land newly available.
Close the world’s yield gaps. To double glob-
al food production without expanding agri-
culture's footprint, we must significantly im-
prove yields of existing farmlands. Two op-
tions exist: We can boost the productivity of -
our best farms—raising their “vield ceiling”
through improved crop genetics and manage-
ment, Or we can improve the yields of the

STRATEGY

EI“ ir omnental dedge
) ._.Te reduce harm. agnculture musk stop

world’s least productive farms—closing the ..

“vield gap” between a farm’s current y]eld and its higher poten-
tial yietd. The second option prowdes the largest and most im-
mediate gain—especially in regions where hunger is most acute.

Our research team has analyzed global patterns of crop yields
and found that much of the world has a significant vield gap. In
particular, yields could increase substantially across many parts
of Africa, Central America and eastern Europe, In these regions,
better seeds, more effective fertilizer application and efficient ir-
rigation could produce much more food on the same amount of
land. Our analysis suggests that closing the yield gap for the
world's top 16 crops could increase total food production by 50-to
60 percent, with little environmental damage.

Reducing yield gaps in the least productive agricuitural
lands may often require some additional fertilizer and water.
Care will have to he taken to aveid unbridled irrigation and
chemical use. Many other techniques can improve yield. “Re-
duced tillage” planiing techniques disturb less soil, preventing
erosion. Cover crops planted between food-crop seasons reduce
weeds and add nutrients and nitrogen to the soil when plowed
under, Lessons from organic and agroecological systems can
also be adopted, such as leaving crop residues on fields so that
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they decompose into nutrients. To close the world’s yield gaps,
we also have to overcome serious.economic and social challeng-
es, including better distribution of fertilizer and seed varieties
to farms in impoverished regions and improving access to gloh-
al markets for many regions.

Use resources much more efficiently. To reduce the environ-
mental impacts of agriculture, low- and high-yield regions alike
must practice agriculture with vastly greater efficiency: far
more crop output per unit of water, fertilizer and energy.

On average, it takes about one liter of irrigation water to grow
one calorie of food, although some places use much more. Cur
analysis finds that farms can significantly curb water use with-
out much reduction in food production, especially in dry cli-
mates, Primary strategies include drip irrigation (where water is
applied directly to the plant’s base and not wastefully sprayed
into the air); mulching (covering the soil with organic matter to
retain moisture); and reducing water lost from irrigation sys-
tems {by lessening evaporation from canals and reservoirs).

With fertilizers, we face a kind of Goldilocks problem. Some
places have too few nutrients and therefore poor crop produc-
tion, whereas others have too much, leading to pollution. Almost

Graphic by Jen Christiansen




no one uses fertilizers “just right.” Qur analysis shows hotspots
on the planet—particularly in China, northern India, the central
U.8, and western Europe—where farmers could substantially re-
duce fertilizer use with little or no impact ¢n food production.
Amazingly, only 10 percent of the world’s cropland generates 30
10 40 percent of agriculture’s fertilizer pollution.

Among the actions that can fix this excess are policy and eco-
nomic incentives, such as payments to farmers for watershed
stewardship and protection, for reducing excessive fertilizer use,
for improving manure management (especially manure storage,
80 that less runs off into the watershed during a storm), for cap-
turing excess nutrients through recycling, and for instituting
other conservation practices. In addition, restoring wetlands
will enhance their capacity to act as a natural sponge to filter
out nutrients in runoff.

Here again reduced tillage can help nourish the soil, as can
precision agriculture (applying fertilizer and water only when
and where they are needed and most effective) and organic farm-
ing techniques, '

Shift diets away from meat. We can dramatically increase global
food availability and environmental sustainability by using more
of our crops to feed people directly and less to fatten livestock.

Globally, humans could net up to three quadrillion addition-

al calories every year—a 50 percent increase from our current
supply—by switching to all-plant diets. Naturally, our current
diets and uses of crops have many economic and social benefits,
and our preferences are unlikely to change completely. Still,
even small shifts in diet, say, from grain-fed beef to pouliry, pork
or pasture-fed beef, can pay off handsomely.
Reducefood waste. A final, obvious but often neglected recom-
mendation is to reduce waste in the food system. Roughly 30
percent of the food produced on the planet is discarded, lost,
spoiled or consumed by pests. ]

In rich countries, much of the waste takes place at thé con-
sumer end of the system, in restaurants and trash cans. Simple
changes in our daily consumption patterns—reducing oversize
portions, food thrown in the garbage, and the number of takeout
and restaurant meals—could significantly trim losses, as well as
our expanding waistlines, In poorer countries, the logses are sim-

- ilar in size but occur at the producer end, in the form of failed
crops, stockpiles ruined by pests, or food that is never delivered
becanse of bad infrastructure and markets. Improved storage, re-
frigeration and distribution systerns can cut waste appreciably.
Moreover, hetter market tools can connect people who have crops
to those who need them, such as cell-phone systems in Africa that
link suppliers, traders and purchasers. -

Although completely eliminating waste from farm to fork is
not realistic, even small steps would he extremely beneficial, Tar-
geted efforts—especially reducing waste of the most resource-
intensive foods such as- meat and dairy—could make a big
difference,

MOVING TOWARD A NETWORKED FOOD SYSTEM
IN PRINCIPLE, our five-point strategy can address many food secu-
rity and environmental challenges. Together the steps could in-
crease the world’s food availability by 100 to 180 percent, while
significantly lowering greenhouse gas emissions, biodiversity
losses, water use and water pollution.
It is important to emphasize that all five points (and perhaps

more) must be pursued togetler, No single strategy is sufficient
to solve all our problems. Think silver buckshot, not a silver bul-
let. We have tremendous successes [rom the green revolution and
industrial-scale agriculture to huild on, along with innovations in
organic farming and local food systems. Lel's take the best ideas
and incorporate thein into a new approach—a sustainable food
system that focuses on nutritional, social and environmental per-
formance, to bring responsible food production to scale.

We can configure this next-generation system as a, network
of local agricultural systems that are sensitive to nearby climate,
water resources, ecasystems and culture and that are connected
through efficient means of global trade and transport. Such a
system could be resilient and also pay farmers a living wage.

One device that would help foster this new food system
would be the equivalent of the Leadership in Energy and Envi-
ronmental Design program now in place for constructing new
commercial buildings sustainably. This LEED program awards
increasingly higher levels of certification based on points that
are accumulated by incorporating any of a wide range of green
options, from solar power and efficient lighting to recycled
building materials and low construction waste.

For sustainable agriculiure, feods would be awarded points
based on how well they deliver nutrition, food security and oth-
er public benefifs, minus their environmental and social costs.
This certification would help us get beyond current food labels
such as “local” and “organié” which really do not tell us much
about what we are eating. Instead we can look at the whole per-
formance of our food—across nutritional, social and environ-
mental dimensions—and weigh the costs and benefits of differ-
ent farming approaches.

Imagine the possibilities: sustainable citrus and coffee from
the tropics, connected to sustainable cereals from the temperate
zone, supplemented by locally grown greens and root vegetables,
all grown under transparent, performance-based standards. Use
your smartphone and the latest sustainable food app, and you
will learn where your food came from, who grew it, how it was
grown, and how it ranks against various social, nutritional and
environmental criteria. And when you find food that works, you
can tweet about it to your social network of farmers and foodies.

The principles and practices of our different agricultural sys-
tems—from large-scale commercial to local and organic—pro-
vide the foundation for grappling with the world’s food security
and environmental needs. Feeding nine billion people in a truly
sustainable way will be one of the greatest challenges our civili-
zation has had te confront. Tt will require the imagination, de-
termination and hard work of countless people from all over the:
world. There is no time to lose.
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