7 Sy I B AR "‘?ﬁg
¢ P4
/ : ’/‘1/ 'w a“w«"
J \W/ Food and Agriculture
M Organization of the -L_{p

United Nations

\A GUIDE TO SUSTAINABLE

CEREAL PRODUCTION e







-

*Save and Grow
In practice
maize - rice - wheat

A GUIDE TO SUSTAINABLE CEREAL PRODUCTION

FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS
Rome, 2016




The designations employed and the presentation of material in this information

product do not imply the expression of any opinion whatsoever on the part of the Food
and Agriculture Organization of the United Nations (FAO) concerning the legal or
development status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. The mention of specific companies or
products of manufacturers, whether or not these have been patented, does not imply that
these have been endorsed or recommended by FAO in preference to others of a similar
nature that are not mentioned.

The views expressed in this information product are those of the author(s) and do not
necessarily reflect the views or policies of FAO.

ISBN 978-92-5-108519-6
© FAQ, 2016

FAO encourages the use, reproduction and dissemination of material in this information
product. Except where otherwise indicated, material may be copied, downloaded and
printed for private study, research and teaching purposes, or for use in non-commercial
products or services, provided that appropriate acknowledgement of FAO as the source and
copyright holder is given and that FAO’s endorsement of users’ views, products or services
is not implied in any way.

All requests for translation and adaptation rights, and for resale and other commercial
use rights should be made via www.fao.org/contact-us/licence-request or addressed to
copyright@fao.org.

FAO information products are available on the FAO website (www.fao.org/publications)
and can be purchased through publications-sales@fao.org.



Contents

Acknowledgements
Foreword

Overview

Chapter 1 Cereals and us: time to renew an ancient bond
Chapter 2 Toward sustainable cereal production
Chapter 3 Farming systems that save and grow

Chapter 4 The way forward

References
Abbreviations
Glossary (inside back cover)

iv

<

17
37
83

929
120



iV SAVE AND GROW IN PRACTICE: MAIZE * RICE + WHEAT

Acknowledgements

This book was produced under the
direction of William Murray, Deputy
Director of FAO’s Plant Production

and Protection Division. Guidance was
provided by Clayton Campanhola, FAO
Strategic Programme Leader, Sustainable
Agriculture, and by a Technical
Consultation on Save and Grow: Maize,
Rice and Wheat, held at FAO Headquarters
in Rome on 15-17 December 2014.

Lead authors
Timothy G. Reeves, Graeme Thomas,
Gordon Ramsay

Final technical editing
Shivaji Pandey

Papers were prepared for this book by:
Maize Gregory Edmeades (ex-CIMMYT)
Kaushal K. Garg (ICRISAT)
Bharat Sharma (IWMI)
Suhas P. Wani (ICRISAT)
Roland J. Buresh (IRRI)
Jonne Rodenburg (AfricaRice)
Marco Wopereis (AfricaRice)
Wheat Mahmoud Solh (ICARDA)
Hans Braun (CIMMYT)
Wuletaw Tadesse ICARDA)

Rice

Peer review

Jesse Binamira (Department of Agriculture,
the Philippines), Prem Bindraban (Virtual
Fertilizer Research Center, USA), Simone
Borelli (FAO), Hans Braun (CIMMYT),
Erik Busch-Petersen (FAO/IAEA), Sandra
Corsi (FAO), Tony Fischer (CSIRO Fellow,
Australia), Theodor Friedrich (FAO), Raj
Gupta (BISA, India), M.L. Jat (CIMMYT),
Zeyaur Khan (ICIPE, Kenya), Gurdev
Khush (World Food Prize, 1996), Leslie
Lipper (FAO), Andrew MacMillan (ex-
FAO), Harinder Makkar (FAO), Alexandre
Meybeck (FAO), Joyce Mulila-Mitti (FAO),
Patrick Mulvany (Food Ethics Council,
UK), Rebecca Nelson (Cornell University,
USA), Godfrey Nzamujo (Songhai

Center, Benin), Rodomiro Ortiz (Swedish

University of Agricultural Sciences), Ivan
Ortiz-Monasterio (CIMMYT), Mark
Peoples (CSIRO, Australia), B.M. Prasanna
(CIMMYT), Jules Pretty (University of
Essex, UK), Sanjay Rajaram (World Food
Prize, 2014), Idupulapati Rao (CIAT), Bharat
Sharma (IWMI), Norman Uphoff (Cornell
University, USA), Stephen Waddington (ex-
CIMMYT), Dennis Wichelns (California
State University, USA)

Contributors

Almalinda Abubakar (FAO), Moujahed
Achouri (FAO), Caterina Batello (FAO),
Luigi Castaldi (FAO), Aracely Castro
Zuniga (FAO), Ivan Cruz (EMBRAPA,
Brazil), Swapan Kumar Datta (ICAR, India),
Muhammad Dost (FAO), Aziz El-Behri
(FAO), Kevin Gallagher (FAO), Gualbert
Gbehounou (FAO), Matthias Halwart (FAO),
Barbara Herren (FAO), Toby Hodgkin (ex-
Bioversity), Allan Hruska (FAO), Ljupcho
Jankuloski (IAEA), Xianping Jia (Northwest
Agriculture and Forest University, China),
Amir Kassam (University of Reading, UK),
Muratbek Karabayev (CIMMYT), Josef
Kienzle (FAO), Rachel Bezner Kerr (Cornell
University, USA), Hafiz Muminjanov (FAO),
Alberto Pantoja (FAO), Yongfan Piao (FAO),
Adam Prakash (FAO), Yashpal Saharawat
(ICAR, India), Derli Prudente Santana
(EMBRAPA, Brazil), William Settle (FAO),
Brian Sims (FAQO), Luana Swensson (FAO),
Christian Thierfelder (CIMMYT), Michael
Turner (FAO)

Maps

Maps of world maize, rice, wheat and
legume producing areas were prepared
for this book by John Latham and Renato
Cumani (FAO) from the global agro-
ecological zones datasets, available

at the FAO/ITASA data portal:
http://www.fao.org/nr/gaez

Book design: Thomas&Sansonetti
Cover: Giancarlo de Pol
Hlustrations (Chapter 3): Cecilia Sanchez



Foreword

et us imagine a different world in the year 2030 — a better world
for our children and their children. Hunger and poverty have
been eliminated. Food systems are productive and sustainable.
Our societies are inclusive, our cities are safe, there is decent
employment for all workers, and gender equality has finally been attained.

That vision of 2030 is embodied in the Sustainable Development Goals
(SDGs), the blueprint for world development recently adopted by the
United Nations. Achieving those goals will depend crucially on progress
in agriculture. Most of the world’s hungry and extremely poor live in
rural areas, and include millions of smallholder farmers who are bearing
the brunt of today’s major global changes: widening economic inequality,
relentless degradation of the ecosystems on which food production
depends, and the quickening pace of climate change, which threatens crop
yields worldwide.

Achieving the SDGs requires a transition to a more productive,
inclusive and sustainable agriculture — one that strengthens rural
livelihoods and ensures food security for all, while reducing agriculture’s
demands on natural resources and building resilience to climate change.

This book is a contribution to creating the world we want. Maize, rice
and wheat are fundamental to world food security. Although the 2014
global cereal harvest was an all-time record, most of it was grown in a
few key production areas, where farmers are paying the price of decades
of intensive monocropping: soil degradation, groundwater depletion and
a marked slow-down in the rate of yield increases. In vast areas of the
developing world, farmers obtain barely a fraction of potential yields,
owing to natural resource constraints and lack of access of the knowledge
and technologies that would enhance their productivity. Climate change
adds new pressures on cereals, including rising temperatures and a higher
incidence of pests, diseases, droughts and floods.

We must safeguard production in the world’s grain belts and
rice bowls, and increase yields in countries where production has to
substantially improve as populations grow. Needed is a new paradigm of
cereals production, one that is both highly productive and environmentally
sustainable. FAO’s model of ecosystem-based agriculture, Save and Grow,
meets that need, through farming systems that incorporate conservation
agriculture, healthy soils, improved crops and varieties, efficient use of
water, and integrated pest management.
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This practical guide to sustainable cereals production reviews progress
in the adoption of Save and Grow practices by smallholder farmers in the
developing world. It then presents examples of Save and Grow farming
systems that are producing more grain per hectare and generating
significant social, economic and environmental benefits. It shows how
Save and Grow practices helped restore production in wheat-growing
regions of India and Kazakhstan, where Green Revolution technologies
had faltered, and raised the productivity of low-input maize systems
practised by farmers in Central America and East Africa.

The examples here highlight the rewards of integrating cereals with
animal production and forestry. In Asia, farming families that raise fish
in their rice fields harvest more rice and have more nourishing diets.

In Brazil, a maize/livestock system is replacing unsustainable soybean
monoculture. In Zambia, keeping nitrogen-rich trees in maize fields is
more cost-effective than mineral fertilizer.

Save and Grow has proven itself in farmers’ fields. The challenge now
is to upscale the approach in national programmes. That will require a
revitalized global partnership for development and major increases in
investment in agriculture. With such commitment, Save and Grow will
help us meet the SDGs. It will increase cereal production, keep ecosystems
healthy, strengthen resilience to climate change, and progressively
improve land and soil quality. By raising the productivity and incomes
of smallholders, it will promote the inclusive economic growth needed
to free millions of rural people from abject poverty. Linking smallholder
production to well-designed social protection programmes will ensure
food security and nutrition for the most vulnerable and help eradicate
hunger and malnutrition forever.

Humanity has the knowledge, the technologies and the sense of
common purpose needed to transform the vision of a hunger-free world

into reality. There is no time to lose.

0sé Graziano da Silva
Director-General
Food and Agriculture Organization
of the United Nations



Overview

1. Cereals and us: time to renew
an ancient bond

Climate change, environmental degradation and stagnating yields
threaten cereal production and world food security. Sustainable crop
production intensification can help to feed the world while protecting
its natural resources

By 2050, world annual demand for maize, rice and wheat is expected to
reach some 3.3 billion tonnes, or 800 million tonnes more than 2014’s
record combined harvest. Much of the increase in production will need to
come from existing farmland. But one-third of that land is degraded, and
farmers’ share of water is under growing pressure from other sectors.

Climate change could have catastrophic effects on wheat yields and
reduce maize yields in Africa by 20 percent. In Asia, rising sea levels
threaten rice production in major river deltas. The potential for increases
in cereal production is further constrained by stagnating yields and
diminishing returns to high-input production systems.

‘Business as usual’ will affect disproportionately the developing world’s
500 million small-scale family farmers, as well as low-income urban
populations. As climate change in Asia pushes wheat into less productive
rainfed areas, consumers will face steep food price increases. Population
growth could deepen Africa’s dependence on imported rice. Rising
demand for maize and declining productivity could triple the developing
world’s maize imports by 2050.

Sustainably increasing the productivity of existing farmland is the
best option for averting large increases in food prices, improving rural
economies and farmers’ livelihoods, and reducing the number of people
at risk from hunger and malnutrition. The ‘Save and Grow’ model of crop
production intensification, proposed by FA0, aims at increasing both
yields and nutritional quality, while reducing costs to farmers and the
environment.

This guide explains Save and Grow concepts and practices, presents
examples of their practical application in the production of maize, rice and
wheat, and outlines the policies, institutions, technologies and capacity-
building needed to upscale lessons learned in national and regional
programmes.
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2. Toward sustainable cereal production

Farming systems need to be reconfigured worldwide for sustainable
intensification. Cereal growers have already begun that transition by
adopting key Save and Grow components and practices

Conservation agriculture. By minimizing soil disturbance and using
surface mulch and crop rotation, maize and wheat growers are reducing
costs, boosting yields and conserving natural resources. Farmers in
irrigated rice systems are shifting to dry-seeding without tillage. To
increase their incomes and build resilience to climate change, cereal
growers are diversifying crops and integrating trees, livestock and
aquaculture into their production systems.

Healthy soil. Conservation agriculture practices are improving the
organic matter content and physical properties of the soil, which
reduces erosion and enhances water-use efficiency. Nitrogen-fixing
legumes improve soil fertility and reduce the need for mineral fertilizer.
Matching crop nutrient demand and supply helps farmers to reduce
fertilizer applications and harmful losses to the environment.
Improved crops and varieties. Save and Grow systems use diverse,
complementary groups of crops, and their improved varieties, to achieve
higher productivity and strengthen food and nutrition security. Cereal
varieties that are more resistant to biotic and abiotic stresses are now
grown in farmers’ fields. The development of more productive and
nutritious cereals needs to be matched by systems for the rapid multipli-
cation of quality seed.

Efficient water management. To produce ‘more crop per drop’, many
rice farmers have reduced the flooding of fields, which also lowers
methane emissions. Growing rice without flooding cuts water use by up
to 70 percent. Supplemental irrigation of wheat, using stored rainwater,
has quadrupled water productivity. Furrow-irrigated, raised-bed plant-
ing saves water and produces higher yields of wheat and maize.
Integrated pest management. The first line of defence against pests
and diseases is a healthy agro-ecosystem. Rice farmers trained in 1pm
have greatly reduced insecticide applications — with no loss in yield.
Planted together with maize, legumes help to smother weeds. Wheat
growers have overcome rust epidemics with resistant varieties, and fight
insect pests by rotating crops.

While each of those components contributes to sustainability, the maxi-
mum benefits will only be realized when all of them are integrated fully
into Save and Grow farming systems.
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3. Farming systems that save and grow

What does sustainable crop production intensification ‘look like’? These
examples, drawn from developing countries around the world, describe
Save and Grow farming systems in practice

1. In East Africa, two of the region’s most serious maize pests have been
overcome by growing two local plants in maize fields. The ‘push-pull’
system produces other benefits, including high quality cattle feed.

2. From Madagascar, System of Rice Intensification practices have spread
to Asia, where they are helping farmers produce more rice and income
using less water, less fertilizer and less seed.

3. In Central America, farmers have developed a ‘slash-and-mulch’
production system that preserves trees and shrubs, conserves soil and
water, doubles yields of maize and beans, and even resists hurricanes.

4. Worldwide, wheat farmers grow legumes to provide a natural source of
nitrogen, which boosts their wheat yields. Conservation agriculture can
help realize the full benefits of wheat-legume rotation.

5. InLatin America, a grass native to tropical Africa has dramatically
improved livestock productivity. Brazilian farmers have integrated
Brachiaria in a direct-seeded maize system that is replacing soybean
monocropping.

6. On South Asia’s Indo-Gangetic Plains, resource-conserving
technologies produce high wheat yields while reducing farmers’ costs
by 20 percent. A shift to conservation agriculture in rice would create
positive synergies in the production of both crops.

7. Across the developing world, pigeon peas, cowpeas, groundnuts,
soybeans and jack beans are familiar sights in farmers’ maize fields.
The high productivity of maize-legume systems make them especially
suitable for smallholders.

8. In Asia, raising fish in and around paddy fields helps to control rice
pests and fertilize the rice crop. Higher yields, income from fish sales
and savings on agrochemicals boost farmers’ income by 50 percent

9. In Southern Africa, leguminous trees and shrubs grown with maize
provide high-quality, nitrogen-rich residues that increase soil fertility,
boost yields and provide new sources of income.

10. In Central Asia, zero-tillage, soil cover and crop rotation would
help many countries to reverse soil erosion and produce more food.
Kazakhstan’s wheat growers are already well advanced in the transition
to full conservation agriculture.

11. In South and Southeast Asia, millions of rice farmers now grow maize
in the dry season, using high-yielding hybrids that consume less water
and generate higher incomes. Close-up: Bangladesh.
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4. The way forward

The adoption of Save and Grow by smallholder farmers requires concerted
action at all levels, with the participation of governments, international
organizations, the private sector and civil society

Using Save and Grow, cereal growers, in often difficult farming condi-
tions, have increased production and improved their livelihoods
and income, while conserving natural resources and building resilience
to climate change. But the adoption rate of sustainable practices is still
relatively low, and much more needs to be done if agriculture is to deliver
Save and Grow’s full benefits.

The transition to sustainable crop production intensification requires
fundamental changes in the governance of food and agriculture. Making
those changes depends on a realistic assessment of the full costs of making
the necessary transitions. It also requires the careful adaptation of sustain-
able farming practices and technologies to site-specific conditions.

An enabling policy, legal and institutional environment should strike
the right balance between private, public and civil society initiatives, and
ensure accountability, equity, transparency and the rule of law. FAO’s vision
of sustainable food and agriculture can guide the framing of national
policies, strategies and programmes aimed at facilitating the transition to
cereal production intensification that is highly productive, economically
viable, environmentally sound, and based on equity and social justice.

Key challenges for policymalkers, therefore, include facilitating the
transition to Save and Grow within broader structural transformations;
making policies that support farmer adoption of sustainable production
systems; focusing investment in agriculture on the provision of public
goods and encouraging farmer investment in sustainable crop production;
establishing and protecting producers’ rights to resources; promoting
fairer and more efficient markets and value chains; increasing support to
long-term agricultural research and development; promoting technologi-
cal innovations adapted to smallholder needs; revitalizing agricultural
education and training; strengthening formal and informal seed systems;
and increasing collaboration with international organizations, instruments
and mechanisms.
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ith a combined annual harvest of some 2.5 billion tonnes,
maize, rice and wheat are the world’s most widely culti-
vated crops and the foundation of world food security.
Every day, humanity consumes millions of tonnes of
those cereals in an almost endless variety of familiar
forms — from steaming bowls of rice and plates of maize porridge to bread,
tortillas, tamales, naan, chapatis, pasta, pizza, pies and pastries. Millions of
tonnes more reach us by an indirect route, having been fed first to cattle,
pigs and poultry that produce much of the world’s meat, milk and eggs™2.

Together, maize, rice and wheat are the single most important item in
the human diet, accounting for an estimated 42.5 percent of the world’s food
calorie supply. Globally, their contribution to our supply of protein — around
37 percent — is a close second to that of fish and livestock products. Wheat
alone supplies more protein than the sum of poultry, pig and bovine meat.
Maize, rice and wheat even supply 6 percent of the fat in our diets.

The three cereals are critical to food security in developing regions. In
Southern Africa, they make up half the calorie supply. In Western Asia, wheat
supplies around 40 percent of protein. In South Asia, wheat and rice account
for half of all calories and protein and 9 percent of fat. In every developing
region except Latin America, cereals provide people with more protein than
meat, fish, milk and eggs combined.

Even in North America and Western Europe, where animal products
make up almost two-thirds of the protein supply, wheat still represents
more than 20 percent. Indirectly, cereals account for much more: in the
United States of America, around 40 percent of the domestic maize supply —
equivalent to some 130 million tonnes in 2014 — is fed to livestock? 3.

Cereals have come to dominate human nutrition since the first farmers
began to cultivate them before the dawn of history. In fact, the agricultural
revolution and everything that followed — in short, the world we live in —
have their origins in a curious and enduring bond first established some
10 000 years ago between communities of hunter-gatherers and abundant
wild grasses of the Poaceae family. Among the first grasses to be sown and
harvested, in the Middle East, were the Triticum species that gave rise, over
a period of 2 500 years, to bread wheat*.

What the harvested grains offered hunter-gatherers was a concentrated
source of energy, protein and other nutrients that could be easily stored.
The same discovery was made in East Asia and West Africa, where the rice
species Oryza sativa and Oryza glaberrima were domesticated from wild
progenitors between 9 ooo and 3 00o years ago®©. Today’s 2 500 commercial
maize varieties have their origins about 7 ooo years ago, in Mesoamerica, in
a grass of the genus Zea called teosinte®.
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The invention of irrigation in Mesopotamia 8 000 years ago was a
momentous first step in the intensification of cereal production, as expanding
urban populations sought to meet their food needs by raising productivity.
By 3 000 years ago, intensive paddy cultivation was practised in China%, and
settlements in Mexico had developed irrigation systems for maize’.

If cereals provided the food security that allowed the human population
to grow from 10 million to 300 million in the first 8 0oo years of agriculture®,
shortfalls in production or supply spelt disaster. Civilizations built on
irrigated agriculture in the Indus and Tigris river valleys crumbled owing
to the siltation of canals and the salinization of soils?. Famine devastated
ancient Rome when enemies cut off shipments of grain from North Africa'®.
The Classic Mayan civilization collapsed probably owing to an epidemic of
the maize mosaic virus™. In Europe, the end of the Medieval Warm Period
700 years ago was followed by wet summers which led to an upsurge in fungal
diseases of wheat, triggering a famine that killed millions™.

The agricultural revolution in Britain, which began in the late seventeenth
century, was another milestone in cereal production intensification and food
security. Improved ploughs, more productive varieties and crop rotation with
legumes helped farmers to maximize the use of on-farm resources and to
double wheat yields, from 1 tonne to 2 tonnes per ha, between 1700 and 1850.
In the same period, the population of England increased from 5 million to
15 million3.14,

Population growth and agricultural intensification accelerated in the
twentieth century. The years following the Second World War saw a
paradigm shift in agriculture in industrialized countries, to the large-scale
application of genetics, biochemistry and engineering to crop production.
Great increases in productivity were achieved through the use of heavy farm
machinery powered by fossil fuel, along with high-yielding crop varieties,
irrigation and agrochemicals®™.

The intensification of crop production in the developing world began
in earnest in the 1960s, as exponential population growth, along with
serious shortfalls in cereal production, led to widespread hunger™. By 1970,
an estimated 37 percent of the developing world’s population, or almost
1 billion people, were undernourished'® 1. Facing the threat of a world food
crisis, the international community mobilized behind agricultural research,
development and technology transfer initiatives that became known as the
‘Green Revolution’. The focus was on intensifying production of the three
crops fundamental to the world’s food security: maize, rice and wheat.
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The Green Revolution, and after

he Green Revolution was driven initially by the work of the American

biologist Norman Borlaug and scientists at the International Maize and
Wheat Improvement Center (CiMmYT) in Mexico and the International
Rice Research Institute (IRRI) in the Philippines. It gathered momentum
during the 1960s, with the introduction to South Asia of high-yielding,
semi-dwarf rice and wheat varieties. Supported by government programmes
to expand irrigation infrastructure and the supply of agrochemicals, those
varieties produced, in a few short years, yield increases that had taken Britain’s
agricultural revolution more than a century to achieve.

Thanks mainly to the Green Revolution, the world witnessed a quantum
leap in food production. Annual global output of cereals grew from
640 million tonnes in 1961 to almost 1.8 billion tonnes by 2000. The biggest
gains were in the developing world: output of maize rose by 275 percent, of
rice by 194 percent and of wheat by 400 percent. Much of the increase in
Asian rice production was due to higher cropping intensities, with farmers
shifting from a single crop to as many as three crops a year.

Although its population more than doubled between 1960 and 2000,
the developing world boosted its per capita supply of cereals from domestic
production, in the same period, by 50 percent® . The proportion of
undernourished fell from more than one-third of the population in 1970 to
18 percent by the end of the century™.

The lower unit production cost of cereals meant higher earnings for farm-
ers, which contributed in Asia to a significant reduction in the incidence of
rural poverty??. Urban consumers also benefited from decades of stable and
relatively low cereal prices?'. Intensification also meant that the 250 percent
gain in the developing world’s cereal production, between 1960 and 2000, was
achieved with an expansion of the harvested area of only 44 percent, which
reduced the need to convert natural habitat to farmland'.

Today, developing countries account for two-thirds of world cereal
production’. Improved varieties are grown on most of the wheat lands in
Asia and North Africa??, and in tropical Asia’s rice fields?3. In West Africa,
early-maturing varieties have helped to double rice and maize production
since 2000'.

The contribution of the Green Revolution to food security is undeniable
|Ficure 1.1|. The incidence of undernutrition in the developing world’s popula-
tion has fallen to 12.9 percent?*. In 2014, world cereal production reached
an estimated 2.5 billion tonnes, pushing international prices well below their
peak of 20112°. And there is potential for further production increases — in
most developing regions, yields of major food crops, including cereals, are
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Figure 1.1 Cereal production, population growth, number of undernourished
and prevalence of undernourishment in the developing world, 1970-2014
Index (1970=100)
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one-half of those that would be technically possible with optimization of
inputs and management?.

The problem is that past agricultural performance is not indicative of
future returns. Crop production intensification, based on monocropping
and high levels of external inputs, has disrupted biodiversity and ecosystem
services — including crop genetic diversity, soil formation and biological
nitrogen fixation — to the point where it threatens the sustainability of
food production itself?”:28. The Green Revolution’s quantum leap in cereal
production was often achieved at the cost of land degradation, salinization
of irrigated areas, over-extraction of groundwater, the build-up of pest
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resistance, and damage to the wider environment, through increased emis-
sions of greenhouse gases and nitrate pollution of water bodies'™.

Intensive double and triple monocropping of rice in Asia is associated
with the depletion of soil micronutrients, the build-up of soil toxicity and a
high incidence of pests and diseases'®. Rice yield increases have levelled off in
East and Southeast Asia, which account for 60 percent of world production?.
Declining growth in yields has been confirmed by studies in India’s main
rice-growing states and in East Asia’s rice bowls. Mounting evidence points
to diminishing returns to modern varieties, despite the high use of inputs?°.

Yield stagnation in major wheat growing regions is seen as the result of
a complex series of factors, including slowing rates of genetic enhancement,
loss of soil fertility, declining input use-efficiency, and biotic and abiotic
stresses?2. The threat of wheat rusts has increased with higher cropping
intensity and monocropping, while insect pests are increasingly responsible
for wheat crop losses°.

Intensive crop production often creates lush environments highly favour-
able to pests, leading to an ever increasing need for pesticide as insects, weeds
and pathogens build up resistance. Today, agriculture uses some 2.5 million
tonnes of pesticide a year3'. As early as the 1990s, the health costs of excessive
pesticide use in Asian rice fields were found to be higher than the economic
benefits of pest control32. Globally, some 220 weed species have evolved
resistance to one or more herbicides, posing a particular threat to cereals33.

The worldwide adoption of high-yielding cereal varieties has led to the
large-scale loss of plant genetic diversity and the erosion of biodiversity in
general. The Green Revolution in Indonesia, for example, displaced some
1 000 local rice cultivars in favour of modern varieties which, owing to their
narrow genetic base, are more vulnerable to pests and diseases. Monoculture
has also reduced overall agrobiodiversity and dietary diversity, by replacing
mixed farming of cereals, pulses and oilseed crops'® 20,

Intensive crop production also contributes significantly to the greenhouse
gases responsible for climate change. Emissions from agriculture, and from
land cover change mainly for agriculture, have almost doubled over the past
50 years®* and now account for up to 25 percent of total anthropogenic emis-
sions?>. Between 2001 and 2010, direct emissions from crop and livestock
production grew from 4.7 billion to more than 5.3 billion tonnes of carbon
dioxide equivalent, with most of the increase occurring in the developing
countries3*.

As amajor user of mineral fertilizer, cereal production contributes heavily
to agriculture’s emissions of nitrous oxide, which amount to 58 percent of
total emissions; flooded rice cultivation, along with livestock, is the source
of almost half of all methane emissions36:3.
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Some critics say the Green Revolution benefited mainly those farmers
who had better-endowed land and easier access to inputs and markets, and
failed to reach the majority of small-scale, resource-poor farmers32. They
point out the blinding paradox: that three-quarters of the world’s poor and
hungry live in rural areas and are employed mainly in agriculture and food
production33:40.41,

Another criticism of the Green Revolution model of intensive agri-
culture is that its heavy costs to the environment were charged to future
generations. No agencies were created to collect compensation and invest
it in environmental rehabilitation. If farmgate prices reflected the full cost
of production — with agriculture effectively paying for the environmental
damage it caused — food prices would not have remained so low for so long’®.

One thing is clear: despite the steady reduction in the proportion of
undernourished in the world population, current food and agriculture
systems have failed to provide everyone with the food they need for an active
and healthy life. The absolute number of chronically undernourished in the
world today is only 20 percent less than it was half a century ago?“.

Meanwhile, an estimated 2 billion people suffer from micronutrient mal-
nutrition as a result of vitamin and mineral deficiencies in their diets. Yield
increases obtained with the massive use of mineral fertilizer, which provides
mainly nitrogen, phosphorus and potassium, have coincided with a decline
in the nutritional content of cereals?, and even of vegetable crops“3““.

Among low-income rural households especially, monotonous diets high
in starchy staples are the norm, and adequate amounts of micronutrient-rich
foods, such as meat, dairy products, pulses, fruit and vegetables, are generally
unavailable. Fifty years of intensive production of maize, rice and wheat
may have improved the supply of dietary energy, but have not brought
commensurate improvements to overall human nutrition®s.

The Green Revolution model of crop production intensification was the
right answer to the food crisis that faced humanity in the 1960s. But the world
has now entered the ‘post-Green Revolution era’.

More than three billion tonnes by 2050

orld agriculture — and humanity’s age-old bond with maize, rice and

wheat — faces ‘an unprecedented confluence of pressures™®. One
is the demand for more food and other agricultural products than at any
time in history. The global population is forecast to grow from 7.3 billion to
more than 9.6 billion between now and 2050, with most of the increase in
the developing regions; in the 48 least developed countries, population may
double, to 1.8 billion". Meanwhile, urbanization and rising affluence are
driving a ‘nutrition transition’ in developing countries towards much higher
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consumption of animal protein, which will require big increases in livestock
production and its intensive use of resources.

A new study by FAo and the Organisation for Economic Cooperation
and Development (OecD) estimates that global consumption of cereals will
increase by 390 million tonnes between 2014 and 2024. The core driver of
the increase will be rising demand for animal feed, with coarse grains — of
which about 70 percent is maize — accounting for more than half of the
total. By 2024, developing countries will be consuming as food an additional
170 million tonnes of maize, rice and wheat*’.

In the longer term, FAO has estimated that, by 2050, annual global demand
for the three cereals will reach almost 3.3 billion tonnes. Much of the increase
will be needed to fuel annual production of some 455 million tonnes of
meat"8, or 50 percent more than that produced in 2012". The use of cereals
as biofuel feedstock has been projected to grow from the current 130 million
tonnes a year to 182 million tonnes by 2020“8; under one scenario, it could
reach almost 450 million tonnes by 2050%%:30.

The demand for maize, rice and wheat does not need to be met entirely
by production increases. Each year, one-third of all food produced for human
consumption, including as much as 30 percent of cereals, is lost or wasted,
with enormous negative effects on food availability and high environmental
costs®1. A substantial reduction in food losses and waste, along with a shift to
healthier, sustainable diets less dependent on animal protein, would reduce
the need to increase cereal production.

Nonetheless, the scale of future demand requires cereal farming systems
that are both more productive and environmentally sustainable. Around
80 percent of future growth in crop production in developing countries
will need to come from intensification; in South Asia, Western Asia and
North Africa, intensification will account for between 9o and 100 percent
of increases*8. Agricultural growth will rely more than ever before on
productivity gains through increased crop yields>C.

Achieving cereal yield increases will, however, be more difficult than in
the past. Most of the world’s agro-ecosystems have been severely depleted of
their soil organic carbon, the basis of soil fertility>2. One-third of farmland is
moderately to highly degraded owing to the erosion, salinization, compaction
and chemical pollution of soils®3. If soil erosion continues at its current rate
in northeastern China, cereal production on 93 million ha of farmland could
fall by 40 percent within 50 years“. The world’s irrigated wheat production
areas suffer increasingly from salinization and waterlogging??. In Asia
and Latin America, expansion of the maize producing area is considered
unsustainable owing to its high environmental costs and the risk of further
land degradation?.



CHAPTER 1 CEREALS AND US: TIME TO RENEW AN ANCIENT BOND 11

Meanwhile, agriculture’s share of the world’s freshwater withdrawals —
currently around 70 percent — is under growing pressure from competing
sectors. Many rainfed and irrigated cropping systems are approaching the
limits of their production potential, and groundwater withdrawals exceed
rates of natural replenishment in key cereal-growing areas worldwide>3. In
North Africa and Western Asia, water scarcity could be an even more impor-
tant determinant of crop productivity than land scarcity>¢. Competition for
water from domestic and industrial users is reducing the area under rice in
some Asian countries?3. Water scarcity is expected to lead to the diversion
of irrigation from wheat to higher value crops, pushing wheat farming into
less productive rainfed areas®’.

Another constraint to production increases is the marked slow-down in
the rate of growth in maize, rice and wheat yields, which averaged between
2 and 3 percent annually during the Green Revolution. While the global
average growth in maize yields is 1.5 percent a year, owing mainly to gains
in the United States, the growth rate has slipped to 1 percent for both rice
and wheat — below the minimum required, by one recent estimate, to ensure
world food security in 2050°°.

The slower growth in cereal productivity is linked to reduced incentives
and demand for yield-enhancing technologies, owing to the substantial
decline in the real prices of agricultural commodities from the early 1960s
to the early 2000s%8. Another factor is inadequate support to agriculture.
The Green Revolution was made possible largely through research and
development (R&D), input supply systems and extension services funded by
governments'. But the growth rate of public spending on agricultural R&D
in the developed world has slowed — and turned negative in the United States
in 2004 - reducing technology spillovers to developing countries>® 60.

While annual public funding for agricultural rR&D increased globally
by 22 percent between 2000 and 2008, to reach Us$31.7 billion®?, China
and India accounted for almost half of the increase; low-income countries’
spending on agricultural R&D amounted to only 2.1 percent of the world total
in 2009, less than in 196026.

The effects of climate change

limate change, the most serious environmental challenge facing human-

ity, is expected to have far-reaching impacts on maize, rice and wheat.
At a global level, it is estimated that higher temperatures and precipitation
trends since 1980 have lowered yields of wheat by 5.5 percent and of maize by
3.8 percent below what they would have been had climate remained stable62.
The coming decades are expected to see further increases in temperature,
rising sea levels, more intense pest and disease pressures, water shortages,
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Figure 1.2 Projected declines in cereal yields owing to climate extreme weather events and loss of
change in 2050, without adaptation (%)* biodiversity®3. A recent study of climate
Sub- change impacts on agriculture found
_ ~ NorthAfrica/ Southeast ~ Saharan that, without adaptation by farmers,

Brazil China  MiddleEast  Asia Africa USA

global crop yields in 2050 would be 6.9
percent below estimated yields without
climate change; cereal yields would
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be lower by as much as 10 percent in
both developed and developing regions
| |Ficure 1.2/54.
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Because maize is mainly a rain-
fed crop, higher rainfall variability
will increase losses to drought and
flooding in sub-Saharan Africa and
Asia®% 66, Negative impacts will be felt

most in areas where degraded soils
no longer have the capacity to buffer

* Relative to baseline values in 2050 without climate change; average result of crops against drought and heat stress>3.

three general circulation models

Source: Adapted from Figure 2, p.46%

Climate change is expected to reduce
maize yields by increasing the incidence,
severity and distribution of fungal diseases, which also threaten food safety®’.

Rice productivity in the tropics is forecast to decline. Today’s high-yielding
rice varieties are intolerant to major abiotic stresses that are likely to be
aggravated by climate change, such as higher temperatures, drought and
salinity. Rising sea levels and increased frequency of storms will pose a
particular threat to rice-based systems in coastal regions®8. Since river deltas
in Bangladesh, Myanmar and Viet Nam have been responsible for half of rice
production increases over the past 25 years, a serious loss of their production
capacity would cause ‘a major world food security crisis™®°.

Increased frequency of short-term high temperatures could have
catastrophic effects on wheat yields. Wheat lands in South and Western Asia
and North Africa are projected to suffer the most from heat stress and water
scarcity, and from upsurges of insect pests and soil-borne pathogens. In South
Asia, the Indo-Gangetic Plains are currently a favourable mega-environment
for wheat; by 2050, more than half of the total area may suffer from heat
stress and higher rates of fungal diseases. Climate change could also reduce
the nutritional content of wheat?2 79,

Growing pressure to reduce agriculture’s own significant contribution to
climate change will also affect cereal production. Climate change adaptation
and mitigation will require cereal growers to limit the expansion of farmland,
use less mineral fertilizer, and reduce methane emissions from rice fields by
using less water3”.
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To reach the target of supplying 3.3 billion tonnes of cereals, annually,
by 2050, yields of maize, rice and wheat do not need to improve at the same
spectacular rates recorded during the Green Revolution. The issue is how
profoundly the stagnation in cereal yields and that ‘unprecedented confluence
of pressures’ — natural resources degradation, limited room for the expansion
of cultivated land, water scarcity and the potentially catastrophic effects of
climate change — will impact cereal production and world food security.

Severest impacts on the most vulnerable

uture scenarios indicate that the downward pressure on cereal production

will affect disproportionately the most vulnerable. They include many
of the developing world’s 500 million small-scale and family farmers, who
produce an estimated 8o percent of the world’s food?¢, and the billions of
low-income people who depend daily on cereals to survive.

While maize is used in the developed world mainly to feed livestock and
produce biofuel, in many developing countries it is primarily consumed as
food. Small-scale farmers in both sub-Saharan Africa and Mesoamerica
generally grow maize as a food crop for household consumption and for sale
in urban markets. Maize is particularly important in the diets of the rural
and urban poor in sub-Saharan Africa and Latin America°. Rising demand
for maize and declining maize productivity could lead, by 2050, to a tripling
of the developing world’s maize imports, at an annual cost of Us$30 billion".

Rice is a staple food for more than 3.5 billion people worldwide, with
annual per capita consumption exceeding 100 kg in many Asian and some
African countries. In both regions, rice is mainly a small farmer crop, with
almost all of it produced on holdings ranging from 0.5 to 3 ha?3. In Africa,
soaring demand for rice among urban consumers is being met by imports,
rather than domestic production; imports of milled rice almost tripled to
13.8 million tonnes between 2000 and 2012. West Africa alone accounts
for some 20 percent of rice traded internationally’2. Population growth will
amplify the region’s dependency, making African consumers ever more
vulnerable to price increases?3.

Declining wheat productivity and rising wheat prices will affect most
severely those countries with high rates of poverty and high dependence on
wheat for their food security3?. In South Asia, where more than 9o percent of
the wheat supply is used as food, around 60 percent of the population lives on
less than Us$2 a day; in Central Asia, where per capita wheat consumption is
160 kg a year, poverty rates range as high as 40 percent? 3. African countries
are increasingly dependent on wheat imports, which reached a record of
41 million tonnes in 2013/14*. As climate change pushes production into
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Figure 1.3 Projected changes in world cereal prices,
between 2010 and 2050, under two scenarios*
Index (2010=100)
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more favoured higher latitudes, the risks to the livelihoods of small-scale
wheat growers will also escalate?2.

The impact on the world’s poorest populations of cereal price inflation
in 2008 has sharpened awareness of the fragility of the global food system?3.
Wheat price hikes, for example, sparked urban riots in the Middle East and
North Africa3?. The current downward trend in cereal prices is expected to
be short-term, with prices destined to stabilize above the relatively low levels
recorded before 200847,

A study by the International Food Policy Research Institute (IFpRri)
found that under a ‘business as usual scenario, with no change in current
agricultural policies and investments, the real price of cereals could rise
considerably between 2010 and 2050, slowing the reduction in the number
of people at risk of hunger in many regions.

But the study offered another, more optimistic scenario: with sufficient
levels of investment in increasing yields sustainably on existing farmland, the
resulting higher productivity would keep inflation-adjusted cereal prices in
2050 very close to those of 2010 |Ficure 1.3|. Lower prices for maize would lead
to a drop in the cost of milk and meat, while the lower cost of rice would
relieve burdens on net food importers. Overall, productivity gains would
improve food security in all regions, reducing the population at risk of hunger
globally by around 40 percent?'.
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Save and Grow: Producing more with less

aising yields sustainably on existing farmland is the essence of FAO’s

‘Save and Grow’ model of crop production intensification. Save and
Grow aims at overcoming today’s intersecting challenges: boosting crop
productivity and ensuring food and nutrition security for all, while reducing
agriculture’s demands on natural resources, its negative impacts on the
environment, and its major contribution to climate change®. A solid body of
evidence has shown that farm practices that conserve natural resources also
increase crop productivity and enhance the flow of ecosystem services”>77.

The Save and Grow approach recognizes that food security will depend
as much on ensuring sustainability as it will on raising crop productivity’8.
It seeks to achieve both objectives by promoting farming practices and
technologies that protect the environment, make more efficient use of natural
resources, reduce the momentum of climate change, contribute to rural
livelihoods and benefit human health3"72.

Ecosystem-based crop production is inherently climate-smart. It
helps smallholders adapt to climate change by making their production
systems more resilient to environmental stresses, such as drought, higher
temperatures and upsurges in pests and diseases®’. By maintaining and
using a diversity of kingdoms, species and genepools in agro-ecosystems, it
increases both productivity and resilience?’.

Save and Grow also has great potential for mitigating climate change:
by capitalizing on natural biological processes, it reduces the use of mineral
fertilizer and cuts nitrous oxide emissions ‘at source’; through more efficient
use of water, it can help cut methane emissions from irrigated rice fields3”.
Management practices that restore soil health could sequester in the soil
some 1.8 tonnes of carbon per ha annually®. Carbon sequestration has the
potential to offset fossil fuel emissions by up to 1.3 billion tonnes of carbon
a year, equivalent to 15 percent of global fossil fuel emissions®!.

Much more attention needs to be given not only to the quantity, but also
to the quality of the foods produced and consumed. Save and Grow promotes
the diversification of smallholder production to include foods with a high
content and bioavailability of nutrients — meat, dairy products, poultry and
fish — which address multiple nutrient deficiencies, as well as pulses, fruit
and leafy vegetables. Diversification increases the availability of a wider
range of nutritionally dense foods, contributing directly to household food
and nutrition security?'.

Finally, higher productivity in smallholder agriculture is the key to
equitable, broad-based socio-economic development in rural areas. It
increases producers’ incomes and demand for labour, diversifies sources
of household income, improves access to food, and fosters rural industries.
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Empirical evidence shows that agricultural growth in many resource-poor,
low-income countries can be five times more effective in reducing hunger
and poverty than growth in other sectors®2.

It is time to renew the bond between humanity and cereals. The Food
and Agriculture Organization believes that Save and Grow is the way
forward — indeed, the only viable option — for increasing maize, rice and
wheat production sustainably. Chapter 2 of this book describes Save and
Grow farming system components, practices and technologies, and reviews
progress in their adoption by smallholder cereal growers in developing
countries. Chapter 3 presents examples of integrated Save and Grow farming
systems, in practice, from across the developing world. Chapter 4 concludes
with an outline of the policy and institutional frameworks, and the innova-
tions in technologies, education and capacity-building, needed to upscale
the lessons learned in national and regional programmes.



Chapter 2

Toward sustainable
cereal production

Farming systems need to be reconfigured worldwide
for sustainable intensification. Cereal growers
have begun that transition by adopting
key Save and Grow practices
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ave and Grow farming systems increase crop productivity and diver-

sify food production, while simultaneously restoring and enhancing

natural capital and ecosystem services. They do so by achieving

higher rates of efficiency in the use of farm inputs — including

water, nutrients, energy and labour — and strengthening resilience
to abiotic, biotic and economic stresses, and to climate change.

Sustainable intensification, through Save and Grow, offers a range of
productivity, socio-economic and environmental benefits to smallholder
farmers and to society at large, including: high and stable production and
profitability; higher farmer income and improved rural livelihoods; increased
availability and consumption of the diverse range of foods necessary for a
healthy diet; adaptation and reduced vulnerability to climate change and
other shocks; enhanced ecosystem functioning and services; and reductions
in agriculture’s greenhouse gas emissions and carbon footprint'.

Moreover, Save and Grow will contribute to the global transition to
sustainable food and agriculture — one that ensures world food security,
provides economic and social opportunities, and protects and enhances the
ecosystem services upon which agriculture depends?.

Save and Grow farming systems are based on five complementary
components and their related practices™:

D Conservation agriculture (ca), through minimal soil disturbance, the
use of surface mulches and crop rotation, and the integrated production
of crops, trees and animals;

D Healthy soil, through integrated soil nutrition management, which
enhances crop growth, bolsters stress tolerance and promotes higher
input-use efficiency;

D Improved crops and varieties adapted to smallholder farming systems,
with high yield potential, resistance to biotic and abiotic stresses and
higher nutritional quality;

D Efficient water management that obtains ‘more crop per drop’, improves
labour and energy-use efficiency, and helps reduce agricultural water
pollution; and

D Integrated pest management (1PM) based on good farming practices,
more resistant varieties, natural enemies, and judicious use of relatively
safer pesticides when necessary.

For this publication, FA0 conducted an extensive review of progress in
the adoption of sustainable, resource-conserving practices by smallholder
producers of maize, rice and wheat in the developing world. The review
confirmed recent findings that, over the past two decades, some of the most
significant steps in the transition to sustainable intensification have been
taken by smallholders in developing countries?.
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This chapter describes each of the Save and Grow farming system
components and their related practices, and provides examples of their
successful application by smallholder cereal producers. However, the indi-
vidual components and practices should be seen only as the building blocks
for the sustainable production of the three crops. While each contributes to
sustainability, the maximum benefits will only be realized when all of the
components, described below, are integrated fully in Save and Grow farming
systems (see Chapter 3).

Conservation agriculture

S ave and Grow incorporates the three core practices of conservation
agriculture (ca), an approach that has been adopted on some 155 million
ha of farmland worldwide*.

First, farmers avoid or limit mechanical disturbance of the soil. Excessive
land preparation with ploughs, harrows and hoes buries the soil’s protective
cover, kills soil biota, causes the rapid decomposition of organic matter,
depletes soil fertility and degrades soil structure. Second, cover crops or
mulches are retained permanently on the soil surface to reduce erosion,
increase water infiltration, conserve soil moisture, suppress weeds and
encourage the proliferation of soil biota that promote soil health and crop
performance. Third, farmers maintain crop nutrient supply, reduce pest and
disease loads and bolster overall system stability by growing a wider range
of plant species and varieties in associations and rotations, and — where
appropriate — by integrating forestry, animal husbandry and aquaculture in
their production systems?.

By improving soil health, reducing pest and pathogen pressure, reducing
erosion, increasing the availability of water and nutrients, and increasing soil
carbon storage, conservation agriculture enhances crop resilience to higher
temperatures, drought and flooding, enhances ecosystem services, and helps
to mitigate climate change. It also lowers production costs through savings
on machinery, labour, fossil fuel, irrigation, mineral fertilizer and pesticide.
However, conservation agriculture is not a ‘one-size-fits-all’ approach — the
methods used to realize its key practices vary according to crops and local
conditions®-9.

Over the past two decades, tillage has been significantly reduced, and
in some cases eliminated altogether, across large areas used for wheat
and maize production. On the Indo-Gangetic Plains, wheat farmers using
zero- and minimum tillage have reaped the benefits of higher grain yields and
enhanced conservation of soil and water. Zero-tillage is considered the most
successful resource-conserving technology on the plains'® (see Chapter 3,
p-58). As well as increasing average yields by 7 percent, it has saved farmers
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up to 30 days of labour and Us$s2 in land preparation costs per hectare,
and increased their average net incomes by Us$97 per ha |Fiaure 2.1[12.
In Morocco, where intensive agriculture with deep tillage and soil
inversion caused rapid soil degradation and loss of fertility, conservation
agriculture systems for wheat production are now found across a range
of field conditions, resulting in improved grain yields and input-factor
productivity. Zero-tillage is practised for other winter crops, rotations

Figure 2.1 Net return from wheat
cultivation under zero-tillage
and conventional tillage,
Haryana, India (US$/ha)
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than 50 percent of the total cropped area in Brazil, Paraguay and
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are more productive than systems based on conventional tillage using
ploughs, harrows and hoes™.
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Much of tropical Asia’s rice will continue to be produced in the wet Source: Adapted from Table 5, p13'

season, when soil is too saturated for other staple crops. However, the
traditional practice in Asia of transplanting rice into puddled soil is labour-,
water-, and energy-intensive. In rice-wheat systems, it also delays the planting
of wheat, and damages soil structure. With the decreasing availability of
labour and water, many farmers in irrigated rice systems are shifting to
the dry-seeding of rice with zero-tillage, which eliminates soil puddling.
Numerous studies have shown that, compared with production in puddled
fields, dry-seeding uses 33 percent less irrigation water and lowers production
costs by as much as Us$125 per ha'e.

Adoption of dry-seeding of rice remains highly variable in Asia, but
adoption rates were found to exceed more than 50 percent of farmers in one
area of northeast India'. Efforts to promote conservation agriculture in rice
in India are drawing on new technologies, developed in the region, for land
levelling, weed control and drill-seeding, which places fertilizer and rice
seed at optimal depth'®.

In Save and Grow farming systems, cereals are regarded not as monocul-
tures but as components of crop rotations and of mixed farming. Smallholder
farmers in highly stressed environments have traditionally rotated crop and
forage tree species, and have integrated crop and livestock production, in
order to reduce the risk of crop failure. On larger scales, diversification makes
farming systems more resilient by limiting losses to specific biotic or abiotic
stresses that affect genetically uniform monocultures'®.
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Figure 2.2 Number of farmers adopting

Diversified production has other benefits: it increases the availability of
plant residues for use as surface mulch, and recycles on-farm nutrients and
organic matter through animal manure. Provided markets are available for
the other commodities produced, it also allows cereal growers to diversify
their sources of income.

Wheat is grown in rotation with other crops in all production regions.
An irrigated wheat-cotton rotation system is practised on an estimated
1.4 million ha in India and 2.6 million ha in Pakistan. Similar systems are
important in Egypt, Tajikistan, Turkey and Uzbekistan. Traditionally, the
late harvesting time of cotton has pushed wheat planting in South Asia late
into December, which, in turn, exposes the wheat crop to heat stress as the
kernels mature in late April and May. That bottleneck has been overcome
through relay planting of wheat in the standing cotton crop, without tillage,
which advances wheat sowing by up to 44 days and boosts yields by as much
as 40 percent?0:21,

A wheat-maize rotation system on the North China
Plain produces more than 50 percent of the country’s

legumes in maize production following trials, wheat, and about 33 percent of its maize??. In India, the
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most productive and profitable wheat-maize systems
are based on untilled, permanent raised beds which are

pigeonpeas  drill-seeded through crop residues?. Rotation of wheat

+groundnuts  with grain legumes — including chickpeas, lentils and faba

beans — is practised increasingly in rainfed wheat produc-
tion areas, especially in soils with low levels of nitrogen,

" Pigeon peas typical of Western Asia and North Africa. Legumes

+soybean  diversify production, enrich the soil through biological

ay nitrogen fixation, enhance water-use efficiency, and

disrupt the life cycle of weeds, pests and disease agents.
Pigeon peas In recent years, many smallholder farmers in Southern
Africa have revived the traditional practice of growing

legumes, such as groundnuts, soybeans and pigeon peas,

Year 1

Year 2

Year 3

along with maize |Ficure 2.2|24-26, Often, the legumes are

Year 4 valued more as sources of food and income than for their
contribution to soil fertility — annual legumes used solely
as green manure find few adopters.

The rotation of maize with other crops — and its integration into
agroforestry and livestock production systems — is well established, and holds
particular promise in increasing resource-use efficiency?’. In savanna regions
of Africa, farmers often grow maize under the canopy of an acacia, Faidherbia
albida, which deposits nitrogen-rich leaves that serve as a surface mulch, a
natural fertilizer and livestock feed (see Chapter 3, p.71). The development of
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‘ca with trees” has helped to advance the diffusion of conservation agriculture
in crop-livestock systems in sub-Saharan Africa?8.

In Brazil, the introduction of zero-tilled maize in rotation with soybeans
helped drive the widespread adoption of cA. In the country’s tropical
savanna region, maize is grown between rows of trees for the first two or
three years after the trees have been planted. The area is then planted with
forages intercropped with maize. Once the pasture is established, it is grazed
by livestock until the trees are ready for harvest?? 30 (see Chapter 3, p.55).
This diversification mitigates the impact on farm income of both climate
and market variability. It also reduces the clearing of forest for agriculture,
protects biodiversity, checks soil erosion and improves soil structure and
fertility31-32,

Rice-based systems are becoming increasingly diverse. Over the past
two decades, rice-maize rotation has expanded rapidly in Bangladesh3.
Zero-tillage production of potatoes is expanding in lowland rice-growing
areas of Viet Nam, where the paddies are drained using furrows, and potato
seed tubers are placed on the resulting raised beds. After adding fertilizer
to the soil around the tubers, the beds are covered with straw left over from
the rice harvest3*. Farmers in the inland valleys of West Africa are also
diversifying their rice systems with vegetable production3s.

Rice is integrated with fish and livestock production in Asia. Aquaculture
in trenches dug around rice fields boosts rice productivity by increasing the
supply of nutrients to the plants, and provides farmers with an extra source
of nutritious food for the household36. Farmers in Bangladesh are growing
maize and Napier grass between the two main rice-growing seasons as
an efficient way of producing food, cash income and fodder for livestock,
especially in land-scarce areas. In one district, the rice-forage system has
generated an average net economic return to farmers of Us$2 630 per ha,
compared to Uss$1 815 when they grow rice alone?’.

Healthy soil

¢ S oil health’ is defined as the capacity of soil to function as a living system

that sustains plant and animal productivity, maintains or enhances water
and air quality, and promotes plant and animal health38. In Save and Grow,
soil health is essential to the efficient use by plants of natural and external
production inputs. It bolsters crops’ resilience to the abiotic and biotic stresses
that will be accentuated by climate change.

For agricultural soils to be considered healthy, soil biota must be managed
in ways that allow the soil to support sound root development and plant
growth, and to offer most of the ecosystem services that it would provide in
its natural state. Excessive, intensive cultivation destroys soil structure by
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breaking up soil aggregates, reducing organic matter content and porosity,
and disrupting the related soil functions of moisture and nutrient infiltration,
retention and release®.

A number of good agricultural practices promote soil health, improve soil
fertility and enhance both crop productivity and long-term sustainability.
They include judicious application of mineral and organic fertilizers, and
conservation agriculture practices, including zero-tillage and the use of crop
residue mulch and cover crops of mixed species.

All of those practices are urgently needed in many key rice,

Figure 2.3 Effect of tillage and residue  wheat and maize producing regions, in order to correct macro-
management on maize yields, and micronutrient deficiencies and to increase levels of soil organic
biomass and soil carbon stocks, carbon (soc)3? 0. Building carbon stocks is costly, in terms of

La Tinaja, Mexico (t/ha)

the time and the inputs — such as organic amendments — that
are required. It is vital, therefore, that viable soc thresholds are
protected through Save and Grow soil health recommendations.

[ Direct seeding Studies in the wheat-growing areas of Morocco found
8 with mulch

] Conventional

that zero-tillage and the retention of crop residues on the soil

g disc tillage surface led to higher soil organic carbon content and increased

water-stable soil aggregates, compared to ploughed land™ 4142,
In the intensive rice-wheat and maize-wheat systems of the Indo-
Gangetic Plains, studies have found a significant improvement in
the physical and chemical properties of soil under ca*3.

4 T . . . .
In maize-based production systems in western Mexico,
3 | | direct-seeded maize cropping — using crop residues as surface
5 ] mulch — has had substantial benefits for soil health, mainly by
reducing water runoff losses and soil erosion. Over a five-year
* ] period, soil carbon levels increased by almost 30 percent and

0. —I= maize yields almost doubled |Ficure 2.3|4“.
Grainyield -Above-ground ~ _Inputs Legumes have long been grown before, or with, cereal crops
and carbon a5 a means of improving soil health and productivity. Through
to soil . . . . .

biological nitrogen fixation, legumes add to the soil up to 300 kg of
Source: Adapted from Tables 4-6, p.429** nitrogen per ha per year, which is why wheat grown after legumes

produces higher yields (see Chapter 3, p.52). In Mexico, legumes in
rotation with maize contribute organic matter and nitrogen that help boost
maize yields by 25 percent (see Chapter 3, p.64).

In Lombok, Indonesia, rice bunds are planted with Sesbania grandiflora
trees which, among tree legumes, have the highest nutritive value. The falling
leaves of the trees are rich in nitrogen and help improve soil nutrient levels
and crop productivity. The practice is becoming widespread in other parts
of Asia“. In Uganda, where a lack of soil nitrogen is the most limiting factor
in farming systems, growing velvet beans before the rice crop boosted rice
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grain yields from 1.5 tonnes to 2.3 tonnes per ha, equal to the improvement
obtained with mineral fertilizer“®.

Both organic and inorganic fertilizers play important roles in maintaining
healthy, productive soils. Eight years of research in a rice-wheat system in
India showed that the combined use of farmyard manure (a mix of animal
manure and crop residues) and green manure at rates of 5 to 6 tonnes per ha,
together with 9o kg of nitrogen applied as mineral fertilizer, sustained wheat
productivity while reducing mineral fertilizer applications by half*”.

Since mineral fertilizer is often too expensive for smallholders in sub-
Saharan Africa, many have adopted ‘integrated soil fertility management,
which complements synthetic nutrients with organic inputs obtained
through: improved waste recycling and crop residue composting; the use of
animal manure; and the incorporation of grain legumes, trees and shrubs
through intercropping, rotations and agroforestry*8.49,

In farming systems that combine crop and animal production, livestock
are often fed on local resources, such as pasture, crop residues, fodder trees
and shrubs. Livestock dung and urine recycle nutrients and organic matter,
which help to maintain soil fertility and structure. Mixed farming increases
farm productivity and saves farmers’ money by intensifying nutrient and
energy cycles.

However, organic manures may not always be available in the quantities
required, and wide variations in nutrient content make it difficult for farmers
to calculate application rates. In Zimbabwe, where large areas are inherently
deficient in soil nitrogen and phosphorus, a study of 450 maize farms
concluded that the yield benefits of conservation agriculture could only be
fully realized when mineral fertilizer is also applied*?. Better management of
mineral fertilizer — including the correct dosage and timing of applications
—and improvements in agronomic practices are urgently needed to increase
fertilizer-use efficiency, or the output of grain per unit of fertilizer applied.

In Malawi, maize farmers with access to extension advice on weed
management, crop rotation, intercropping and the timing of fertilizer
applications often achieve, with the same amount of fertilizer, grain yields
more than double the national averages'.

Fertilizer-use efficiency has also been markedly improved in rice produc-
tion with site-specific nutrient management (SSNMm), a strategy that optimizes
use of existing soil nutrients and fills deficits with mineral fertilizer32. In field
trials, per hectare rice yields increased by 0.2 tonnes in Viet Nam, 0.3 tonnes
in the Philippines and 0.8 tonnes in India. The net benefit per hectare to rice
growers who used ssNM in the Philippines was 10 percent more than those
who did not |FiGure 2.4/33.
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Figure 2.4 Economics of site

In Southern India, ssNm allowed wheat farmers to reduce fertil-
izer applications while achieving grain yields that were 23 percent

specific nutrient management higher than those obtained using recommended fertilizer rates“.
(SSNM) in irrigated rice production,  Site-specific nutrient management has also been shown to benefit
Central Luzon, the Philippines maize production. In Indonesia, the Philippines and Viet Nam,
(US$/ha/yr)
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farmers recorded yield increases of from 0.9 to 1.3 tonnes per ha33.
Micronutrients, such as calcium, magnesium, sulphur, iron

and zinc, play an important role in improving soil health, crop

ssym productivity and the nutritional content of cereals. There is evidence

] with

] without  that the use of fertilizer containing micronutrients significantly

SSNM  enhances crop nutritional quality, as well as crop yield, biomass
_— production and resilience to pests, diseases and drought>3.

— Recent technological innovations are supporting improved
nutrient management in maize, rice and wheat production systems.

— - Aspart of the ssnMm approach, IRr1 and partners helped to introduce

in Bangladesh a low-cost plastic ‘leaf colour chart, which allows
rice farmers to determine when to apply urea for optimum benefit.

— — Instead of broadcasting urea fertilizer several times, and in large

quantities, during the growing season, the farmers compare the
colour of rice leaves with colour panels corresponding to specific

Cost
of inputs

Gross
revenue

Net crop nitrogen deficits. The charts are credited with reducing urea
benefit  USE by around 20 percent while producing yield increases of up to
31 percent. Total benefits are estimated at Us$22.8 million52 6.

Source: Adapted from Table 9, p19 & Table 10, Further efficiencies have been achieved in Bangladesh using

p.2153

more precise ‘deep placement’ of urea fertilizer in briquettes, at

depths of 7 to 10 cm. By 2012, more than 400 000 rice farmers were
following the practice, which resulted in average yield increases of 250 kg
per ha, reduced fertilizer use by 7 ooo tonnes, and saved the government
Us$1.6 million in fertilizer subsidies®’.

Fertilizer-use efficiency has been notably improved using a hand-held
optical sensor and a crop algorithm which measure, in real time, the vigour
of a wheat crop, and match nitrogen applications to requirements. In Mexico,
sensor-based nitrogen management helped moderate fertilizer applications
at planting and during early growth, and guided applications during later
development stages®®. On the Indo-Gangetic plains, the same system
was used with conservation agriculture to save on fertilizer applications
while producing higher wheat yields and reducing off-farm environmental
impacts®?.
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Improved crops and varieties

he use of improved varieties is another important means of increasing

the productivity of maize, rice and wheat. Save and Grow farming
systems require varieties that are more productive, use nutrients and water
more efficiently, have greater resistance to insect pests and diseases, and
are more tolerant to drought, flooding and higher temperatures. Needed
are varieties that are adapted to less favoured areas and production systems,
produce food with higher nutritional value, and help improve the provision
of ecosystem services.

Those new crops and varieties will be deployed in diverse agro-ecologies
where associated biodiversity — such as livestock, pollinators, pest predators,
soil organisms and nitrogen fixing trees — is also important. Varieties suitable
for Save and Grow need to be adaptable to changing production practices
and to integrated pest management?.

With climate change, tolerance to heat and drought will become a very

important trait in cereals, especially in the tropics®®. The CimmyT-led

Drought Tolerant Maize for Africa project has developed varieties, including

hybrids, which out-yield commercial varieties by

25 percent under specific drought conditions. Some  Figure 2.5 Grain yields of elite wheat cultivars

are also heat-tolerant, producing yields 27 percent by planting date, Bihar and Madhya Pradesh, India

higher than commercial varieties®. Heat-tolerant (t/ha)

wheat, based on germplasm held at CimMYT and

the International Centre for Agricultural Research 70

in the Dry Areas (IcarDA), has been released in }

several countries. A CimMmyT-sponsored wheat B'ST

improvement network is exploring the develop-

ment of high-yielding wheat varieties that can cope

with Kazakhstan’s increasingly hot summers (see 55 | Variety 1

Chapter 3, p.75). ‘
Cultivars that are high-yielding in a shorter °° W, v

growing season reduce exposure to late season heat

stress and have been instrumental in the develop-

ment of rotations for all three cereals. In South Asia, «0

the planting of earlier maturing rice varieties in the

monsoon season has allowed earlier planting of *° Variety 3

subsequent wheat, maize and other dry season crops. . Ny

Breeders are also identifying wheat cultivarsthatare 13 20 27 3 10 7 2 1 8 15 2

suited to earlier planting |FiGure 2.5/62, Oct Oct Oct Nov Nov Nov Nov Dec Dec Dec Dec
In Bangladesh, the cultivation of high-yielding Source: Adapted from Figure 16, p.2362

hybrid maize as a dry season crop has proved to

6.0 8

45 ‘ | g, Variety 2
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be a good strategy for adapting to higher temperatures and growing water
scarcities (see Chapter 3, p.79).

Another expected impact of climate change is an increased incidence of
flooding, which poses a particular threat to rice production in Asia®. The
‘Sub-1’ varieties developed recently by IRR1, which tolerate submergence for
up to 18 days, have been adopted by farmers at unprecedented speed, thanks
to strong government support>2. Maize tolerant to multiple stresses has been
developed for the Indo-Gangetic Plains, where it performs well under both
drought and waterlogging®.

Varieties with resistance or tolerance to biotic stresses offer the most
economical and environmentally friendly means of controlling upsurges in
pest and disease problems. To combat the threat of Uggg, a highly virulent
race of stem rust in wheat, CiIMmYT, ICARDA and national agricultural
research systems identified resistant materials that have been incorporated in
high-yielding varieties and deployed in many countries®*. The International
Atomic Energy Agency (IaAEA) and Fao have worked together with several
countries to develop mutant wheat varieties resistant to the same rust63.

AfricaRice has developed and helped to distribute widely ‘New Rice for
Africa’ (NERICA) varieties, which combine the high yield and other traits of
Asian rice with the African species’ resistance to the parasitic weed Striga, a
serious pest of both rice and maize in the region®®:-67. To confer resistance to
a major rice pest, the blast fungus, IRRrI is combining different race-specific
genes into the same rice type. Inter-planting different rice varieties can also
be an effective tool in blast management. In China, planting glutinous rice
with a blast-resistant hybrid prevents the build-up of fungus inoculum,
leading to a significant reduction in pesticide use®®.

Another area of breeding that shows great promise is biofortification,
which increases the nutrient content of food crops through genetic
improvement. The Harvest Plus programme of the Consultative Group on
International Agricultural Research (CGI1AR) has promoted the biofortifica-
tion of seven crops, including maize, rice and wheat. Bangladesh has released
the world’s first zinc-enriched rice, and maize varieties rich in vitamin A
have reached more than 500 0oo households in Africa%?. Nutritional value
has been greatly improved in Quality Protein Maize, which contains nearly
twice as much usable protein as conventional maize’% 71,

To develop varieties suitable for Save and Grow farming systems, plant
breeders need access to the widest possible sources of desirable traits, which
are found in cereal collections in genebanks, in landraces in farmers’ fields
and in wild crop relatives. More intense characterization of cereal genetic
resources is needed in order to identify traits suitable for ecosystem-based
agriculture and to integrate them in crop breeding’?. For example, wheat
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landraces can provide important traits for tolerance to drought Figure 2.6 Main barriers to smallholder
and heat, such as higher biomass, which would greatly improve adoption of drought tolerant maize
the cereal’s adaptation to climate change worldwide>. in Ethiopia*

Another emerging thrust in breeding is improving the
components of cereal-based intercropping systems. Recent
research has provided a better understanding of interactions
between crop genotypes and species, including mechanisms
for pest and disease avoidance. With breeding that combines
the traits of different plants to improve overall performance,
intercropping could bolster the long-term sustainability of food —

. . . Unavailability
production under low inputs in many parts of the world’ 7. of seed

Interest is also growing in the genetic improvement of the
nutritional quality of cereal plant residues. After the maize
grain harvest, smallholder farmers in Central America and
sub-Saharan Africa commonly use most of the plant leaves
and stalks to feed livestock. Studies in Mexico suggest that
germplasm collections hold vast untapped potential for
improving the feed value of maize stover, which would allow *Results of farm household survey
farmers to retain more residues in the field as soil cover’®. Source: Adapted from Fisher, M., Abate, T,

Combining practices such as conservation agriculture 53?3u5f05grﬁ12?§faﬂmﬂéﬁ?gfpaurnyqemzmgn
with improved cultivars that make more efficient use of water todroughtin sub-Saharan Africa: Determinants of
and nutrients would enhgnce the overall .pr'oducFivit}{ and gggﬁ;g”ﬁgﬁ%itgég /asqgssgft{)‘%”]ﬁ;gc; Fcllé”l}fetez
profitability of most cropping systems. Varieties with higher
fertilizer-use efficiency could help to reduce losses of fertilizer nutrients from
fields, currently estimated at up 50 percent of applied nitrogen and 45 percent
of phosphorus” 78,

10%

Seed price

The breeding of more productive, efficient and nutritious cereals needs
to be matched by formal seed systems that ensure the rapid multiplication
and supply of improved seed to smallholders, and by support to farmers’ own
initiatives to conserve and enhance local agrobiodiversity. Both formal and
community-based seed systems will be essential in the distribution of cereal
varieties suitable for Save and Grow production'.

In many countries, the lack of efficient seed systems prevents farmers
from adopting new varieties |Ficure 2.6|. Seed production is especially critical
for hybrids of cross-pollinated crops, such as maize. There is a growing
trend toward public-private partnerships to improve seed supply. The private
sector in China produces and markets the seed of hybrid rice developed by
the public sector’®, and the private sector is now beginning to produce and
sell wheat seed in India and other countries.

The Brazilian Agricultural Research Corporation (EMBRAPA) has
pioneered partnerships with the private sector in order to market its maize
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hybrids and, in the process, generate resources for further R&D®°. In 2014, the
Drought Tolerant Maize for Africa project facilitated production and delivery
of about 40 0oo tonnes of improved maize seed in partnership with some
110 private and public seed companies, NGOs and farmer organizations®.

As wheat is a self-pollinated crop, seed saved from previous harvests
continues to dominate, and varietal replacement rates are low, particularly
in rainfed and remote areas. To increase access to improved varieties,
IcARDA has helped national partners to fast-track the testing and release
of rust-resistant varieties. Accelerated seed multiplication and large-scale
production, in collaboration with country programmes and farmer groups,
helped deliver to cereal growers 8o ooo tonnes of certified seed®?.

Community seed banks and networks complement formal seed systems
by conserving and improving seed from a variety of sources, including
farmer-to-farmer exchanges and local markets. Community-based breeding
and multiplication of cereal varieties that are competitive in yield and well
adapted to local conditions give smallholder farmers access to a wider range
of planting material than is normally available, contributing to both food
security and the conservation of agrobiodiversity. Farmers’ varieties also
provide base materials for formal crop improvement programmes — some
community seed banks have been established in partnership with plant
breeding institutes®3.

In West Africa, where varietal development is slow, a women farmers’
organization specializes in the production of foundation and certified seed
of aromatic rice varieties grown in the Senegal River Valley>2. Maize seed
production and delivery have been accelerated through community-based
seed producers in Nepal®* and in Timor-Leste8.

Efficient water management

ompetition for water resources is becoming intense in many of the

world’s cereal producing areas. Inefficient use of water for crop produc-
tion has depleted aquifers and reduced river flows, and many river basins no
longer have sufficient water to meet the demands of agriculture, industry and
urban centres. In addition, excessive use of mineral fertilizer and pesticide
has polluted rivers, lakes and coastal areas, harming terrestrial and aquatic
ecosystems and human health?®®.

As competing demands for fresh water intensify, cereal growers will need
to considerably improve the water productivity of their farming systems, and
reduce the negative impacts of cereal production on the quality of ground
and surface waters.

No single approach can overcome the challenge of producing more
food, feed, fodder and fibre with the declining availability and quality of
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water. Needed is a combination of water-saving technologies in irrigation, a
balanced use of surface- and groundwater resources, and good agronomic
and soil management practices, such as zero-tillage, crop residue retention,
raised-bed planting and crop diversification®’.

The International Crops Research Institute for the Semi-Arid Tropics
(IcrisAT) has promoted in rainfed areas a set of water management practices
that includes water harvesting and storage, re-vegetation and other soil cover
strategies, and better land and soil nutrient management. In India, rainwater
harvesting structures, which are refilled during monsoons, reduce runoff by
40 percent and soil losses by 50 percent, and increase cropping intensity by
180 percent®8.89, In Honduras, the introduction of mulching and other soil
conservation techniques doubled maize yields in shifting agriculture systems,
reduced soil erosion and increased the quality and availability of water for
downstream users (see Chapter 3, p.48).

Raised-bed systems enhance the water productivity of maize in rainfed
areas. The ‘broad bed and furrow’ system, promoted by ICRISAT, is an in situ
soil and moisture conservation and drainage technology suitable for clay
soils, which are frequently waterlogged during the rainy season. Up to four
rows of crops can be sown with precision seeders on sloping beds, which
conserve water in the soil profile and channel excess runoff to small tanks
for later use®°.

Several strategies can improve water-use efficiency in rainfed areas.
They include the application of conservation agriculture practices that
reduce evaporation losses from the soil and enhance the soil’s water-holding
capacity. Although it is not easy to increase that capacity, small but long-term
improvements can be achieved with good soil and crop management. Wheat
varieties with early vigour, which extract deeper soil water, tolerate some soil
water stress and carry a higher percentage of grain at harvest, are usually
more water-use efficient®* 1. More efficient rice and maize varieties, as
well as hybrids, are now widely available. Adequate levels of crop nutrients,
especially potassium, also enhance water-use efficiency?2.

Where precipitation is inadequate, harvesting and storing run-off water,
then applying it in limited amounts during critical crop growth stages, is a
viable option. In the Syrian Arab Republic, this ‘supplemental irrigation’ one
to three times in the spring, at rates of 100 to 300 mm, has increased wheat
yields from 2 to 6 tonnes per ha and quadrupled water productivity: a very
large return for a small amount of water6.

The same strategy facilitates earlier planting of wheat to avoid drought
and frost later in the growing season. Research in Turkey and the Islamic
Republic of Iran has shown that early wheat sowing, assisted by the applica-
tion of 50 to 70 mm of supplemental irrigation, increases yields by more than
2 tonnes per ha®3.
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Figure 2.7 Water-use efficiency of irrigated ~ Water-use efficiency in irrigation is commonly 50 percent

chickpeas intercropped with maize, or less. Applying the optimal amount of water required for
Madhya Pradesh, India (kg/ha per mm) a specific crop or variety, combined with good management
- practices, has the greatest potential to enhance water-use
efficiency®“.
ised bed . .
101 . ev?taa#lsjsrot\:\?irsrigation A recent study estimated average rice output on the Indo-
] On flat land Gangetic Plains at 0.7 kg of grain for every cubic metre of

irrigation water used. However, in the Indian state of Punjab,
with appropriate irrigation and drainage infrastructure and
good management practices, water productivity averaged

15 kg per cubic metre?.

Raised-bed planting with furrow irrigation, which feeds
- water to the soil between two rows of crops, significantly
increases soil porosity, carbon content and infiltration rates,
thereby improving the water-use efficiency of wheat and
other crops®*. The benefits of raised beds may be further
enhanced when they are not tilled. In Egypt, IcARDA and

2003

Source: Adapted from Table 7, p.46998

2004

2005 2006 national institutes have promoted raised beds as part of an

integrated production system in the Nile Delta. After the
introduction of seed drills and improved crop management,
wheat yields increased overall by 25 percent and water-use
efficiency by more than 50 percent?®.

In Pakistan, farmers reported maize yield increases of from 30 to
50 percent on untilled raised beds with furrow irrigation, compared to
irrigated flat land®”. In India, the system allowed farmers to raise productivity
per unit of land by intercropping maize with chickpeas, pigeon peas and
soybeans |Ficure 2.7/,

To increase the efficiency of water use in irrigated rice production, farmers
are using a variety of Save and Grow techniques. On an estimated 4 million
ha of irrigated land in South Asia, farmers have adopted laser-assisted
precision land levelling, which — compared to traditional levelling of fields
with wooden boards — leads to water savings and productivity increases of
16 percent’2:43,

Other water-saving technologies for irrigated rice include peripheral
bunding, which improves rainwater use and reduces dependence on canal
water supplies, dry-seeding with zero-tillage, alternate wetting and drying
(AWD), intermittent irrigation and early transplanting of seedlings'6-99.

In West Africa, where most rice is grown on slopes and valley bottoms
without adequate irrigation and drainage, AfricaRice is promoting a low-cost
‘smart valleys’ development approach that uses simple earthen structures
such as bunds, along with basic irrigation and drainage infrastructure.
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Besides increasing resilience to drought, bunding and land levelling
reduce the risk of applied fertilizer being washed away by heavy
rain100.101

Average yields are between 3.5 and 4 tonnes per ha, which has led
to improvements in farmers’ incomes. The ‘smart valleys” approach,
which was developed and validated with the full participation of
farmers in Benin and Togo, has been incorporated into Benin’s
national strategy for inland valley development>2.

In Asia, alternate wetting and drying, in which a rice field can
be left unwatered for up 10 days, has reduced water needs by 15 to
30 percent, with no loss in yield'2. Suitable for lowland rice areas
with reliable water supplies, AWD reduces spending on fuel for
pumping water; it also lowers methane emissions from rice fields by
up to 70 percent'®3. The practice has been integrated into national
programmes in Bangladesh, Myanmar, the Philippines and Viet Nam.
With optimum implementation, AWD could allow a shift in some
areas from a single rice crop to double cropping>2.

System of Rice Intensification practices reduce water consump-
tion, per hectare, to almost half that of flooded rice fields by allowing
dry periods between irrigations and lowering considerably the level
of flooding (see Chapter 3, p.44).

In many areas, the practice of transplanting rice seedlings into
puddled soil has been replaced by direct-seeding — seeds may be
broadcast on wet or puddled fields, or drill-seeded with no prior
tillage. Compared with transplanting, direct-seeding produces similar
yields while reducing irrigation water applications by up to one-third
|FiGure 2.8].

Figure 2.8 Irrigation water applied
in transplanted and direct seeded
rice production systems (mm)*
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Source: Adapted from Table 8, p.33916

Another practice, suitable for dry season rice production, is ‘aerobic rice’,
which is grown in dry soil with irrigation applied only as necessary. Tested
and adopted by farmers in the Philippines and northern China, the technol-
ogy uses varieties adapted to well drained, non-puddled and non-saturated

soils in rainfed and water-scarce areas'0“,

With good management, aerobic rice yields can be around 75 to
80 percent of those obtained from flooded rice, but using 50 to 70 percent
less water. Labour requirements are also lower2. On black soils in India,
the pre-monsoon dry-seeding of rice through surface mulch has provided
a profitable alternative for farmers whose normal practice has been to leave

the land fallow®2.
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Integrated pest management

Insect pests, diseases and weeds cause substantial losses — in the range
of 20 to 50 percent — in the maize, rice and wheat fields of smallholder
farmers'%5. They can also lead to reduced grain quality and to post-harvest
losses from infestation and spoilage. In the case of weeds, manual control
is one of the most time-consuming tasks faced by smallholders, and a job
usually carried out by women.

The first line of defence against pests and diseases is a healthy agro-
ecosystem. Save and Grow uses integrated pest management (1P™m), a
‘problem-avoiding’ crop protection strategy that draws on and enhances
the biological processes and crop-associated biodiversity that underpin crop
production. The approach was developed in response to the widespread
over-use of pesticides, which reduces populations of pests’ natural enemies,
leads to outbreaks of secondary pests, creates pesticide resistance, and
increases the risks to both people and the environment. A recent study found
that at least 50 percent of the pesticide used is simply not needed in most
agro-ecosystems'06,

In 1pPM programmes, farmers are trained to base their pest management
decisions on an economic threshold, which establishes an acceptable level of
damage below which the cost of control measures is not compensated by any
increase in productivity. The basic strategy is to foresee and avoid problems
and, if they are unavoidable, to detect them early enough so that they can
be controlled by natural means, with smaller quantities of relatively safer
pesticides being used only as a last resort!.

Integrated pest management was first applied in Asian rice fields to
combat the brown planthopper, a major cause of crop losses. Outbreaks of
planthoppers were triggered by indiscriminate spraying of wide-spectrum
insecticide, which killed the pest’s natural enemies and allowed rapid growth
of its populations'07.108,

In response to one such outbreak in Viet Nam, Fao supported commu-
nity-based management of the pest and its associated diseases using 1pm.
Among the measures put in place were farmer monitoring of the numbers
of planthoppers and natural predators in rice fields, the removal of infected
plants, the optimization of seeding times and fertilizer use, and the planting
of more resistant varieties®2. Vietnamese farmers have reduced their use of
insecticide by as much as 70 percent and, with strong government support,
the rice-growing area under 1pM in one province has expanded exponentially
|Ficure 2.9[109,

Where rice production is integrated with aquaculture, fish feed on insect
pests, disease-causing fungi and weeds, reducing the need for chemical
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controls. Rice-fish farmers apply up to 68 percent less pesticide
per hectare than farmers producing rice alone (see Chapter 3,
p.68).

~ Studies throughout Asia have highlighted the advantages
of conducting training in 1pM through farmer field schools, a
form of adult education that encourages rice growers to tailor
1PM practices to diverse and changing ecological conditions.
Farmers attending field schools typically reduce insecticide
applications per season from three to one, and report a
general increase in yields. In one area of Indonesia, farmers
virtually eliminated insecticides and achieved yield increases
of 21 percent. They also gained social skills and improved
relations with service providers'0. 1,

Intensive training of farmers can significantly reduce the
use of pesticide in maize production. In Nicaragua, trained
farmers sprayed their crops far less often than untrained
farmers, and used less than 10 percent the normal amount
of insecticide |Fic 2.10[""2. Highly effective non-chemical
approaches are also available for maize pest control. In the
Andes of Peru, Ecuador and Bolivia, smallholder farmers
apply mineral or edible oil to maize whorls and silks to reduce
infestations of insect pests by up to 76 percent™3115. To combat
the fall armyworm, scientists in Brazil have developed two
highly effective biopesticides, which are less toxic and better
targeted than wide-spectrum synthetic pesticide. Their active
ingredients are isolates of a bacterium and a virus that can
reduce armyworm numbers by more than 95 percent6-118,

In African maize fields, crop rotation and better soil
management have been used to control the parasitic weed
Striga, which causes substantial crop losses on small farms™.
In Madagascar, maize is planted with a leguminous cover
crop, which stimulates germination of Striga seeds, then
out-shades emerging weeds>2. Rice is sown later through the
legume residues. Direct-seeding helps prevent the mixing of
weed seeds into the root zone, increases the overall resilience
and stability of the system, and is particularly effective when
combined with upland NERICA rice varieties®6 67:120, In East
Africa, a novel 1PM system harnesses chemical interactions
between two local plants to impede the growth of Striga weed
and destroy maize stem borers (see Chapter 3, p.40).

Figure 2.9 Adoption of integrated

pest management in rice-growing area

of An Giang Province, Viet Nam
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Figure 2.10 Effects of training on
maize farmers' average insecticide
applications, Nicaragua (litres/ha)
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In wheat production, 1™ is based mainly on crop management practices
and the use of resistant cultivars. Wheat is affected by a range of diseases.
Powdery mildew causes crop losses of up to 45 percent'?, while the fungus
Septoria tritici has cut grain harvests by half'?2. In Central and Western Asia
and North Africa, losses of up to 8o percent have been caused by stripe rust®“.

The development and rapid deployment of resistant wheat varieties helped
Ethiopia to overcome an outbreak of stem rust which, in the Bale region, had
virtually wiped out the wheat crop. Resistant varieties have been planted on
an estimated 8o percent of the national wheat area and are credited with
enabling a record wheat harvest in 201454,

While resistant varieties, along with early planting, are effective in
controlling the Hessian fly, a more complex 1pM™ strategy is needed to control
other insect pests. Recommendations for Sunn pest include targeted ground
spraying, planting medicinal plants that attract natural predators, and using
fungal preparations that kill the pest in its winter refuges. Control of wheat
stem sawfly has been improved through the use of resistant varieties, delayed
planting, crop rotation and parasitoids®“.

Participatory approaches such as farmers’ field schools are also widely
used to disseminate 1PMm options for wheat pests. Following its successful
introduction to control Sunn pest infestations, 1Pm through farmer field
schools has become the Islamic Republic of Iran’s mainstream plant protec-
tion strategy'®3.

Controlling weeds is also an important component of Save and Grow
for cereals, and will become even more so as herbicide resistance in weeds
increases. Avoiding soil disturbance, maintaining soil cover, practising crop
rotation and preventing weed seeding are all effective measures for reducing
weed pressure on crop production.

As the above review has shown, cereal growers worldwide have increased
their productivity through the application of one or more of the Save and
Grow farming system components, such as conservation agriculture, the use
of improved varieties, better soil health management, increased water-use
efficiency and integrated pest management. Many have made their produc-
tion systems more resilient by diversifying crops and integrating crop, forestry
and animal production. In the following Chapter 3, we present 11 examples
of ‘Save and Grow in practice’ — cereal farming systems that have integrated
all or most of the Save and Grow components and recommendations.
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intensification ‘look like’? These examples,
" drawn from developing countries
around the world, describe Save and Grow
farming systems in practice '
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Maize/forestry, Central
America. More maize,
less erosion on tropical
hillsides. The 'slash-and-
mulch’ system grows maize and
beans on untilled soil enriched
with tree prunings. It builds soil
nutrient stocks, reduces the time
needed for land
preparation and
weeding, and
produces yields
double those
of traditional
shifting
cultivation.
Many ‘slash-and-mulch’ farmers
have diversified production into
home gardens and livestock.
Page 48

Maize/livestock, East
Africa. ‘Push-pull fights
maize pests, boosts milk
production. A novel system
of integrated pest management
harnesses chemical interactions
between two local
plants to destroy
maize stem borers
and impede the
growth of Striga
weed. As well as
providing year-
round soil cover,
the system produces high quality
fodder, making ‘push-pull’ the
basis for sustainable, low-input
crop/livestock production.
Page 40

Wheat/legumes,
worldwide. The extra
benefits of legumes
before wheat. Legume
residues add to soil up to 300 kg
of nitrogen per
hectare. As a result,
wheat grown after
legumes produces
higher grain
yields, with higher
protein content.
In addition, some
legumes secrete acids that
make phosphorus more readily
available to the wheat's roots,
and a gas that improves the
plant's overall development.
Page 52

Rice, Asia. Higher yields

from healthy plants

in healthy soil. From

widely-spaced plants in
aerated soil, the System of Rice
Intensification has produced
yields double those of flooded
rice fields. Its focus on soil health
improves the rice plant's access
to nutrients, while its reduced
irrigation needs help cut methane
emissions. The system'’s higher
labour requirements could be
lowered with technological
innovation. Page 44

Maize/livestock, Latin
America. ‘Nutrient pumps’
feed cattle, nourish
maize. A key component
of sustainable maize-livestock
systems is Brachiaria pasture,
which prevents soil compaction
and is more nourishing than native
savanna grasses. Zero-tillage
systems that use the grass
produce up to three cereal crops
a year. Relay cropping Brachiaria
with maize makes optimal use of
land resources and reduces land
degradation. Page 55

See the Glossary on the inside back cover for terms used in this chapter



Rice/wheat, Indo-
Gangetic Plains.
Conservation agriculture
the key to food security.
In South Asia's breadbasket,
farmers practise zero-tillage
to reduce costs and grow more
wheat. Alternate wetting and
drying of rice fields helps cut
water consumption by up to
50 percent. Yields of both cereals
improve after laser-assisted
land-levelling. Farmers save
on fertilizer with ‘needs-based'
nitrogen management and use
legumes to suppress weeds.
Page 58

Maize/forestry, Southern
Africa. Where trees and
shrubs cost less than
fertilizer. Leguminous
shrubs and trees are an integral
part of maize production systems
in Zambia and Malawi. Over two
years, they increase levels of
soil nitrogen by as
much as 250 kg per
hectare, which helps
quadruple maize
output. The maize/
forestry systemis
resilient to drought
and more profitable
than growing maize
with fertilizer. Page 71
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Maize/legumes,
worldwide. Traditional
system makes more
productive use of land.
Rotation, intercropping and
relay cropping of legumes
with maize lead to higher land
productivity, making maize-
legume systems especially
suitable for smallholders.
Legume rotation can increase
maize yields
by 25 percent.
Maize
intercropped
with legumes
under
conservation
agriculture
produces 33 percent more
grain than monocropping.
Page b4

Wheat, Central

Asia. Farmers

stop ploughing on

Kazakhstani steppe.
Kazakhstan is one of the world's
leading adopters of conservation
agriculture. Direct-seeded,
untilled land produces higher
wheat yields than ploughed land,
and carries lower production
costs. Rotating wheat with
other crops generates extra
income and leaves residues that
conserve soil moisture and block
the germination of weed seeds.
Page /5

Rice/aquaculture, Asia.

Aricher harvest

from paddy fields. A

one-hectare paddy can
yield up to 9 tonnes of rice and
750 kg of fish a year. Fish raised
in rice fields improve family diets
and provide a natural source
of plant nutrients and pest
control. Thanks to higher rice
yields, fish sales and savings
on agrochemicals, the income
from rice-fish farming is up to
400 percent more than that from
rice monoculture. Page 68

Rice/maize, Asia.
High-yielding
hybrids help adapt
to climate change. By

growing maize instead of rice in

the dry season, farmers reduce

pressure on groundwater and

double their profits. Many have

increased their incomes further

by intercropping

maize with

vegetables.

Maize farmers

trained in

resource-

conserving crop

management

use less mineral

fertilizer and

obtain yields twice the national

average. Page /9



40 SAVE AND GROW IN PRACTICE: MAIZE * RICE + WHEAT

Agro-ecological zone
Tropical rainfed

Main cereal Maize

Other crops/products
Meat, milk, fodder,
legumes, vegetables

‘Push-pull’ fights pests,

boosts milk production

Two of Africa's most serious maize pests have been overcome
by growing two local plants in maize fields. The ‘push-pull’ system
produces other benefits, including high quality cattle fodder

tem borers and the parasitic weed

Striga are the bane of maize fields

in Africa. The larvae of an indig-
enous moth, stem borers eat into the
succulent stalks of maize and devour
them from within, causing crop losses
of from 20 to 8o percent. Ministries of
agriculture often recommend the use
of synthetic pesticide to control stem
borers, but most smallholder farmers

Striga, a parasitic plant that attaches
itself to the roots of cereal crops and
siphons off water and nutrients, grows
on some 40 percent of sub-Saharan
Africa’s arable land. In western Kenya,
it infests as much as 76 percent of
land planted to maize and sorghum,
causing annual losses valued at more
than Us$40 million. Sometimes, Striga
infestations can lead to complete crop

cannot afford it!.

" X

Maize producing
areas of East Africa
FAO/IIASA GAEZ

failure. Control of Striga is extremely
difficult, as each plant
produces thousands of
tiny seeds that can remain
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plants and insects in a biologically
diverse agro-ecosystem!.

In push-pull, maize is intercropped
with the leguminous plant Desmo-
dium, while a popular fodder crop,
Napier grass, is planted as a border
around the field. Desmodium produces
volatile chemicals that attract preda-
tors of maize pests. More importantly,
by giving a false distress signal to the
moths that the area is already infested,
these chemicals ‘push’ the egg-laying
moths to seek out habitats where their
larvae will face less competition for
food'.

That'’s where the Napier grass comes
in. It also produces volatile chemicals
that ‘pull’ the moths towards them,
and then exudes a sticky substance
that traps the stem borer larvae as they
feed on its stems. Few larvae survive to
adulthood. Napier grass also attracts
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stem borer predators, such as ants,
earwigs and spiders’. In trials, the
number of stem borer eggs, and plant
damage caused by stem borer feeding,
have been found to be significantly
higher in monocropped maize plots
than in push-pull fields2.

During the course of their work, ICIPE
researchers made a startling discovery:
Desmodium also acts as a ‘false host’
to Striga, first exuding chemicals that
induce germination of its seeds, then
releasing other chemicals that inhibit
the weed’s root growth'. Trials of the
push-pull system showed that maize
plots not only suffered little stem borer
damage, but were almost completely
Striga-free after two seasons?.

The push-pull system of pest control
delivers other benefits. Both Desmo-
dium and Napier grass are peren-

Napier grass (at left) and
Desmodium (at right)
protect maize from
borers and weeds

THE SYSTEM
HARNESSES
COMPLEX CHEMICAL
INTERACTIONS
AMONG PLANTS

AND INSECTS
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The voracious maize stem
borer causes crop losses
of up to 80 percent

Fiqure 3.1 Economics of maize production,
Kisii district, Kenya (VS$/Ma)
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Source: Adapted from Table 1, p.6

nial crops that provide year-round soil
cover, which helps retain soil moisture,
improves soil structure, prevents ero-
sion, and makes the agro-ecosystem
more resilient to drought and other
extreme weather events. Since it is a
leguminous plant, Desmodium also
fixes nitrogen in the soil and makes it
available to the maize crop.
Beginning in 1997, ICIPE and its
partners introduced the push-pull
system to maize and sorghum
farmers in Kenya and east-
ern Uganda, using ‘farmer
teachers’ to help them spread
the word. By 2010, more than
25 000 farmers around Lake
Victoria had adopted it. An
impact assessment conducted
in 24 villages found that 19 per-
cent of farmers had adopted
push-pull primarily to control
pests, especially Striga, and to
increase crop productivity. Seventy-

five percent of those farmers said their
yields were three to four times higher
than before. Some were harvesting
5 tonnes of maize per ha from fields
that had previously produced less
than 1tonne3. In Kisii district, the
income of push-pull maize farmers,
per hectare, was three times that of
their neighbours |Ficure3.1/".

Almost half of the push-pull farmers
had adapted the system to allow for
the intercropping of maize with beans
and other grain legumes, such as

groundnuts, soybeans and cowpeas,
and vegetables such as kale. Inte-
grating beans in the system does
not reduce Desmodium’s effect on
Striga and stem borers3.

As well as helping farmers to
increase food production, the
Napier grass used in the system

has boosted the supply of feed
for livestock. In fact, the ICIPE



assessment found that fodder produc-
tion was an important factor motivat-
ing farmers to adopt push-pull®. For
example, farmers in one district on
Lake Victoria could satisty only half
of local milk demand owing to the lack
of good quality feed. After 700 farmers
adopted the push-pull system, milk
production increased from 7 million
to 8 million litres a year’.

More livestock fodder means more
manure is available for farmers to
apply to their fields, which reduces the
need for mineral fertilizer. Push-pull
farmers have been able to diversify
their production in other ways as well
— for example, by selling organic
produce and raising poultry. Farmers
interviewed for the ICIPE assessment
said they used the extra income from
higher production for a variety of
purposes, including paying their chil-
dren’s school fees and improving their
housing?.

The assessment found, however,
that some farmers had not adopted
push-pull because they did not have
enough information about it. Although
push-pull saves on labour by reducing
the need for weeding, some farmers
did not have enough household labour
— or enough cash to hire extra help —
to establish the system in their fields.

In addition, farmers with one-year
land leases were reluctant to invest in a
technology that did not produce rapid
benefits. The lack of Desmodium seeds
and their high cost also limited rates
of adoption3.
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By 2014, as many as 70 000 smaltholder
farmers in Ethiopia, Kenya, the United
Republic of Tanzania and Uganda — of
whom more than half are women
— were controlling Striga with Desmo-
dium intercropping®.

The International Centre of Insect
Physiology and Ecology and partners
have adapted push-pull to drier areas
and to climate change by identifying
and incorporating into the system two
drought-tolerant companion plants:
Greenleaf desmodium as an intercrop,
and Brachiaria grass as a border plant®.

Push-pull is now seen as the basis of
an integrated crop-livestock produc-
tion system that does not require
high levels of external inputs and
could significantly improve food se-
curity in East Africa. A recent survey
of 9oo farmers in Ethiopia, Kenya and
the United Republic of Tanzania found
a high potential for adoption of the
system, especially among women and
those who were aware of the damage
caused by Striga and had good access
to inputs®.

Establishing push-pull as a perma-
nent part of agriculture in the region
will require continued support from
government extension services and
the use of community-based extension
strategies, such as farmer field schools,
farmer-teacher events and local public
meetings?.

It will also require an assured supply
of Desmodium and Brachiaria seed,
along with the seed of improved maize
varieties and hybrids.

THANKS TO
PUSH-PULL, MILK
PRODVCTION
INCREASED BY

1 MILLION LITRES
# YEAR
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Agro-ecological zone
Tropical monsoon, irrigated
and upland systems

Main cereal Rice

Rice producing areas
of Southeast Asia
FAO/IIASA GAEZ
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Higher yields from healthy plants

in healthy soil

Rice farmers are adopting crop, soil and water management practices
which, together, produce more rice and income using less water,

less fertilizer and less seed

raditionally, rice has been
Tcultivated in most of Asia as

follows: fields are first flooded
then ploughed to create soft, muddy
soil often overlying a dense, compacted
layer that restricts downward loss of
water’. Rice seedlings 20 to 60 days old
are then transplanted to the fields in
clumps of two to four plants, randomly
distributed or in narrowly spaced rows.
To suppress weeds, the paddy is con-

Fr B o

Top Srice
producers, 2013 the System of Rice Intensi-
(million tonnes)
Indonesia ~ 71.3
VietNam  44.0
Thailand 38.8
Myanmar  28.0
Philippines  18.4
Source: FAOSTAT

tinuously flooded with 5 to 15 cm of
water until the crop matures?:3.

That system has enabled the cultiva-
tion of rice for millennia at low, but
relatively stable yields“. When the
Green Revolution introduced high-
yielding varieties, mineral fertilizer
and chemical pest control, per hectare
productivity in many Asian rice fields
doubled in the space of 20 years®.

A set of crop, soil and water manage-
ment practices known as

fication (Sri) takes a strik-
ingly different approach.
Seedlings 8 to 15 days old
are transplanted singly,
often in grid patterns with
spacing of 25x25cm be-
tween plants. To promote moist, but
aerated, soil conditions, intermittent
irrigation is followed by dry periods of
3 to 6 days. Weeding is done at regular
intervals, and compost, farmyard ma-
nure and green manure are preferred
to mineral fertilizer. Once the plants
flower, the field is kept under a thin
layer of water until 20 days before the
harvest? .

Since Sr1 was first developed in
Madagascar in the 1980s, numerous
trials have shown that the system out-




yields traditional flooded-rice produc-
tion, while reducing the use of water,
seed, fertilizer and pesticide?. The sys-
tem was found to improve grain yields
above those obtained under flooded
systems by 40 percent in India’ and
Iraq® and almost 200 percent in The
Gambia? |Ficure 3.2. In comparison
trials with current improved practices
in China, Sr1 methods increased rice
yields by more than 10 percent.
Rice grown using SrI consumed 25
to 47 percent less water than flooded
systems in India™ and China'?", and
required 10 to 20 percent less seed
than traditional systems in Nepal'®.

The Governments of Cambodia, China,
Indonesia and Viet Nam — where much
of the world’s rice is produced — have
endorsed Sri methods in their na-
tional food security programmes,
and millions of rice farmers have
adopted Sr1 practices?. More than
one million Vietnamese rice farmers
are reported to be applying Sry; their
per hectare incomes have increased
by an average of Us$110, thanks to a
40 percent reduction in production
costs'’. Farmers who were trained in
site-specific nutrient management in
Viet Nam benefited from additional
annual income of up to Us$78 per ha'®.

In Morang district, Nepal, a group
of farmers reported that Sr1 had often
doubled their yields. In addition, their
rice was maturing up to four weeks
earlier, which saved water, reduced
the risk of crop losses and made land
available for other crops™. In Mali’s
Timbuktu region, farmers using SrI
produced twice as much rice per hect-
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Figure 3.2_Grain yields of
rice grown under continuous
flooding and System of Rice
Intensification ta)
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are as their neighbours. Since Sr1
plots could be harvested 10 to 15 days
earlier, farmers had switched from
lower yielding, short-cycle varieties
to medium-duration varieties, which
produce more grain?.

The System of Rice Intensification
could help to overcome many of the
challenges facing the rice sector. With
its emphasis on organic sources of
plant nutrition and high fertilizer-
use efficiency, SrI offers a means of
reducing the environmental pollution
caused by nitrate losses from rice
fields". It may allow farmers to con-
tinue to cultivate rice in rainfed areas,
such as northeast Thailand, which
are increasingly affected by drought,
and in major irrigated rice areas of
China, Pakistan and India, where, by
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TECHNICAL
INNOVATIONS COULD
REDUCE THE LABOUR
REQVIREMENTS OF
SRI CULTIVATION

2025, water supply is forecast to be
insufficient to meet demand'®.

The system could also dramati-
cally reduce emissions of methane
from irrigated systems'®. At present,
more than 9o percent of the world’s
rice is harvested from flooded fields,
which emit methane totalling some
625 million tonnes of carbon dioxide
equivalent annually??. Emissions
could be reduced by almost one-sixth
if all continuously flooded rice fields
were drained at least once during the
growing season?!. The System of Rice
Intensification does that several times
during the growing season®.

Scientists are seeking rigorous ex-
planations of SrI's lower resource
use and higher productivity, as well
as examining the ways in which Sri
guidelines are followed by farmers?.

An important focus of SrI systems
is improved soil health. Intermittent
irrigation and the application of or-
ganic compost and mulch significantly
increase the number of beneficial soil
bacteria in the root zone?? 23. Since
SrI rice is planted singly in healthy,
aerated soil with more room to absorb
solar energy, it can develop larger root
systems, which would lead to a higher
number of stems?*. The plants may
also have longer panicles, more grains
per panicle, and a higher percentage of
mature grains’.

Higher yields may be due to in-
creased nutrient availability and
superior growing conditions, which
enhance the plant’s physiological
development®. A more general ex-
planation offered is that Sr1 exploits

more fully the genetic potential of the
rice plant? 6, However, a recent review
of SrI’'s reported high yields found a
‘substantial diversity’ in SrI practices,
making it difficult to draw general
conclusions about the impact of Sr1
as a ‘singular technological package™.

Much of the debate around Sr1
centres on the increased demand for
labour in Sr1 production. In The Gam-
bia, labour costs of transplanting were
two to three times higher than those
of conventional flooded rice®. A recent



study in India found that because it
was very labour-intensive, the system
carried much higher production costs
and was ‘really uneconomical’?.

However, proponents of Sr1 respond
that it generates employment. In Tamil
Nadu (India), Sr1 production was
found to be the most suitable option
for employing otherwise idle family
labour during the dry season™.

The labour requirements of Sr1 cul-
tivation could be lowered with techni-
cal innovations, such as seedling trays
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that simplify seedling preparation
and transplanting®. Another option
is replacing transplanting altogether
with direct-seeding, which in Nepal
produced yields 50 percent higher
than those obtained from transplanted
rice™. In Sichuan province, China,
seedlings are being planted on zero-
tilled, furrow-irrigated, permanent
raised beds under organic mulch or
plastic film?6.

More than one million
Vietnamese rice farmers
are applying SRI
practices
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Agro-ecological zone
Tropical hillside, rainfed

Main cereal Maize

Other crops/products
Meat, milk, timber, fuelwood,
fruit, legumes, vegetables

More maize, less erosion

on tropical hillsides

Farmers have developed a slash-and-mulch production system that
preserves trees and shrubs, conserves soil and water, doubles yields
of maize and beans, and even resists hurricanes

n the steep hillsides of south-

western Honduras, traditional

‘slash-and-burn’ cultivation of
maize, beans and other food crops
has led to widespread deforestation
and environmental degradation. Many
farmers have abandoned the age-old
practice of allowing cleared fields to
lie fallow long enough for tree cover to
grow back and for the soil to recover.

Without trees to anchor the depleted
soil, erosion has increased, reducing
the quality of water and its availability
to downstream users. As agricultural
productivity declines, rates of rural
poverty and malnutrition have risen™2.

Recognizing that slash-and-burn
cultivation was unsustainable, farmers
in the Honduran department of Lem-
pira developed a low-cost, resource-

Maize producing S Top 5 maize
areas of Central - producers, 2013
America i (million tonnes)

Mexico 22.66
Guatemala 173
& ElSalvador  0.87

Honduras 0.60
< : Nicaragua 0.55
e "\ Source: FAOSTAT

FAO/IIASA GAEZ

COSTARICA




conserving system for growing their
crops'. Instead of clearing the forest
and burning vegetation, they adopted
a ‘slash-and-mulch’ approach. They
begin by broadcasting sorghum or
beans in an area of well-developed,
naturally regenerated secondary forest.
After planting, they selectively cut and
prune the trees and shrubs, and spread
the leaves and small branches on the
soil surface to create a layer of mulch.
High-value timber, fruit and fuelwood
trees are left to grow™ 2.

Once the sorghum and beans have
been harvested, maize is planted
(maize is not used as a ‘pioneer crop’
because mulch slows the emergence
of its seedlings). Farmers continue to
prune trees to ensure that the crops
have sufficient sunlight, while leaves,
branches and crop residues are used to
maintain a semi-permanent soil cover.
The soil is not tilled, and fertilizer is
applied only when needed?.

In the early 1990s, the Food and Agri-
culture Organization began working
closely with local farmers and farmers’
groups to develop and disseminate
those practices, which have become
known as the Quezungual Slash-and-
Mulch Agroforestry System, or Qs-
MAs'. The system has since been ad-
opted by more than 6 0oo low-income
farmers in southwestern Honduras?.
Using Qsmas, those farmers have
been able to double the productivity of
shifting cultivation — maize yields have
risen from 1.2 tonnes to 2.5 tonnes per
ha, and bean yields from 325 to 800 kg'.
Increased productivity has improved
food security and has allowed farmers
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to set aside space in their fields to
explore different options for producing
food. Almost half of the farmers who
have adopted QsMAS use some part of
their land, and their additional income,
to diversify production, primarily to
home gardens and livestock?.
Honduran farmers have embraced
the system because it is founded on

The slash-and-mulch
system has been adopted
by more than 6 000
smallholder farmers
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Using QSMAS, farmers
increased bean yields from
325 to 800 kg per hectare

familiar, indigenous farming practices,
is more productive and profitable than
slash-and-burn agriculture, and deliv-
ers many other benefits. By retaining
soil moisture and preventing erosion,
QsmAs has made farms more resilient
to extreme weather events, such as a
drought in 1997 and Hurricane Mitch
in 1998. The system also reduces the
time required to prepare the land
and control weeds — an important
consideration in an area where labour
scarcity is a major constraint to im-
proving farm productivity.

Rural communities also benefit from
improved water quality, as well as
increased water availability during
the November to April dry season.
The trees retained on Qsmas farms
meet around 40 percent of households’
fuelwood needs2.

The success of QsmAs was also due
to the fact that local communities and
extension workers were encouraged to
share ideas and learn from each other.
Thanks to that participatory process,

the impact of Qsmas has reached
beyond the farmers’ fields. Once they
became more aware of the problems
created by deforestation, commu-
nity institutions banned the use of
slash-and-burn?.

In 2005, the International Center for
Tropical Agriculture (C1AT) undertook
a four-year project with the goal of
furthering the development of Qs-
MAs and improving the livelihoods
of the rural poor. The Center sought
to identify the main principles behind
QsmAs management, the biophysical
benefits that make the system resilient,
the social factors that lead to its ac-
ceptance, and other maize-producing
areas where it could be adopted.
During trials on 15 plots, the dif-
ferences between slash-and-burn and
slash-and-mulch emerged clearly in
measures of sustainability and re-
silience. A QsMAs production cycle
allows for around 10 to 12 years of cul-
tivation of annual crops, followed by
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Figure 3.3 Average grain yields obtained
under slash-and-burn and ASMAS systems,

Somotillo, Nicaragua (t/Ma)
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Source: Adapted from Table 3.4, p.482
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seven years of fallow. In contrast, slash-
and-burn yields begin to decline from
the second year of cropping |Ficure 3.3|.
In slash-and-burn agriculture, the
nitrogen content of the soil decreases
over time, but it increases significantly
on QsMas plots. By measuring meth-
ane and nitrous oxide emissions and
carbon stocks sequestered in the soil
and trees, CIAT also found that the
global warming potential of QsMAS is
only a quarter that of slash-and-burn
agriculture?.

The maize production system has
spread to other regions of Honduras
and to El Salvador, Guatemala and
Nicaragua, where farmers have often
adapted its basic practices — progres-
sive pruning, permanent soil cover,
minimal soil disturbance and efficient
use of mineral fertilizer — to local
conditions?.

In trials in Guatemala, maize yields
rose by 11 to 25 percent in soils en-
riched with the prunings of Gliricidia
sepium trees. Adoption rates reached

Beans
2 L
ASMAS

1.5

1e

. Slash

5 and burn

0e
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88 percent in areas where the system
was promoted?.

In Nicaragua, where farmers learned
about slash-and-mulch from visiting
Honduran farmers, maize yields at
validation sites were more than double
those under slash-and-burn, while
profitability increased by 83 percent.
As a result, by 2010 more than half
of the farmers in one Nicaraguan
community had adopted Qsmas.
Nicaragua’s Institute of Agricultural
Technology is now promoting the
system*.

The Quezungual Slash-and-Mulch
Agroforestry System is seen as an
alternative to slash-and-burn agri-
culture for sub-humid hillside areas
of the tropics?. It is estimated that in
18 countries of Africa, Asia and Latin
America there is a 50 percent prob-
ability of finding similar conditions
to QsMAS test sites, with the largest
areas in Brazil, El Salvador and the
Democratic Republic of the Congo*.

THE SYSTEM IS SEEN
AS SUITABLE FOR
SUB-HUMID HILLSIDE
AREAS ACROSS THE
TROPICS
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Agro-ecological zone

Temperate, sub-tropical

rainfed and irrigated
Main cereal Wheat
Other crops

Grain and forage legumes

The extra benefits

of legumes-before-wheat

Wheat farmers grow legumes to improve the health of soil and
provide a natural source of nitrogen, which boosts wheat yields.
Conservation agriculture is needed to realize the full benefits

of wheat-legume rotation

rowing legumes can be a very

good investment in its own right.

Since they derive 70 to 8o percent
of their nitrogen needs from the atmo-
sphere, through biological nitrogen
fixation in their root nodules, grain
and forage legumes generally do not
require nitrogen fertilizer to achieve
optimum yields'. Grain legumes, such
as lentils, are high in protein, dietary

and phyto-estrogens? and can be sold
to generate income. Forage legumes,
such as alfalfa, can be used on the farm
to feed livestock.

When grown before wheat, legumes
produce another significant benefit —
nitrogen in legume residues reduces
the need to apply nitrogen fertilizer
to the wheat crop?. It is estimated that
globally, some 190 million ha of grain

Wheat and legume* fibre, vitamins, minerals, antioxidants = legumes contribute around 5 to
producing areas 7 million tonnes of nitrogen to soils“.
of Western Europe - Thanks to that ‘natural fertilization’,
FAQ/IIASA GAEZ o
wheat (R e /_,f' Wheat grown after legumes pr0<‘1uces
>25t/ha \ s80kg/ha higher grain yields and has higher
_ fﬂfé' ' — protein content than wheat grown
; £ NoRwAY . .‘{ﬂ_ﬂ after another wheat crop®.
i %- .*'A‘ SwepeN 2 . The high productivity of wheat-
4 & .ﬂf\llgen DENMARK \r J gLAT‘f"“Lm:L;NIA _ legume rotations has long been rec-
?k? NETHERMMJ' S ognized by wheat farmers, and for as
4 mszTu’B -2} Y e :, POLAND - " Top5wheat far back as 2000 years ago
mi&,. G"jf' GERMANY . cyeciep e Izlat;gucerS. in Western Asia and North
. LW et :h :-J SLOVAKIA ‘*1- ] q q . g
FRAI!SE S\'I\{:'ZERLAND AUSTRIA_\TI‘ HUNGARY ¥ * (million tonnes) Africa. Typl.cal rflmfedWhegt
-k -f (b\ % LROMANA | parc 3360 based rotations include grain
b, B TR : '
..PF-___.?& 3 1 » S T Germany 2501 legqmes, such as chickpeas,
T sPAIN A iy AR s United lentils and faba beans, and
"ORT&GA‘% Lo :} 755_\ (7= Kingdom TLZyho forage legumes vetch,
g = D Belgium 1.80 K
My v GREECEL pustria 159 Derseem clover and Medicago
/;'d\“_""_"-ﬂ i o é Source: FAOSTAT SpeCieSG-8~
NS : . Choosing the right legume for a

*Includes beans,
chickpeas, cowpeas,
dry peas, pigeon peas

specific wheat farming system is ex-
tremely important, as different legume




species and varieties growing in the
same location can differ significantly
in dry matter production, nitrogen
fixation and accumulation, and residue
quality. Residual nitrogen values from
grain legumes vary greatly, but can
cover between 20 and 40 percent of
wheat’s nitrogen needs®. While grain
legumes can add to the soil from 30
to 40 kg of nitrogen per ha, legumes
grown as green manure Crops or as
forage for livestock build up nitrogen
much faster, and can fix as much as
300 kg of nitrogen per ha®.

Legumes enhance wheat's uptake of
other nutrients. Wheat grown after
legumes tends to have a healthier
root system than wheat-after-wheat,
making it better able to use other avail-
able nutrients. The roots of chickpeas
and pigeon peas secrete organic acids
which can mobilize fixed forms of soil
phosphorus and make it more readily
available®.

Legumes also release hydrogen gas
into the soil, at rates of up to 5 0oo li-
tres per ha per day. A by-product of
nitrogen fixation, hydrogen is oxidized
by soil microbes surrounding the root
system of the plant, leading to changes
in the soil biology that improve the
development of the wheat plant’>.
Deep-rooting legumes such as pigeon
peas, lablab and velvet beans help build
soil structure and biopores, which
improve drainage and aeration'®.

Wheat sown in the autumn and
followed by a summer fallow is the
predominant production system in dry
areas. In the Middle East and North
Africa, fields are commonly left fallow

CHAPTER 3 FARMING SYSTEMS THAT SAVE AND GROW 53

Figure 3.4 Yields of bread wheat
grown as a second crop following
selected precursors, Bale Region,
Ethiopia (t/Ma)
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Source: Adapted from Table 4, p.140"7

owing to the lack of sufficient moisture
to sustain reliable production of rain-
fed summer crops. However, with the
development of early maturing legume
varieties, farmers can now replace
long fallows with legume crops, which
make more productive use of land" 2,
Growing food legumes in summer not
only helps enhance soil fertility and
water-use efficiency, but boosts yields
of the subsequent wheat crop’.

In the highlands of Ethiopia, pulses
are grown in rotation with cereals,
or as intercrops, to spread the risks
of drought and to improve soil fer-
tility'#16. In the Bale region, wheat
after field peas significantly out-yields
wheat-wheat and wheat-barley rota-
tions |Ficure 3.4V, A faba bean-wheat
rotation system resulted in wheat yield
increases of up to 77 percent while
reducing the need for nitrogen fertil-
izer'®. In the Islamic Republic of Iran,

After a crop of field peas,
wheat yields improve
significantly
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Soybeans planted into
standing wheat are more
productive

DRILL-SEEDING
WHEAT THROVGH
LEGUME RESIDVES
CONSERVES SOIL
STRUCTURE,
MOISTURE AND
NUTRIENTS

cereal-legume intercropping has been
shown to be more productive and
profitable than wheat monocropping™.

Managing legumes to achieve ‘win-win'
outcomes — a profitable legume and
maximum benefits for the subsequent
wheat crop — is complex for many
farmers. Legumes are generally seen as
more risky to grow than wheat or other
cereals. This is partly because legumes
are often more susceptible to biotic
and abiotic stresses, which can reduce
yields and plant biomass. If the le-
gume fails to produce enough biomass
to yield well and also leave residual
nitrogen in straw and root residues,
the smallholder loses income in one
growing season without compensation
in the next. In addition, prices for grain
legumes are often more volatile than
for cereals.

Due to their shorter growing season,
some legume crops do not remove as

much soil water as wheat, and leave
more residual moisture for the wheat
crop. However, this moisture can be
easily lost if the legume residues are
heavily grazed or removed for other
purposes. It is recommended, there-
fore, that residues are left as a surface
cover and wheat is drill-seeded with
minimum soil disturbance®.

To manage risk, farmers are advised
to plant legumes only when there
is sufficient moisture stored in the
soil profile, or available as irrigation.
While early planting enhances bio-
mass production and nitrogen fixation,
it can also increase susceptibility to
pathogens. To realize the full benefits
of wheat-legume rotation, residues
should be retained on the soil surface,
and both legumes and wheat crops
should be established with zero-tillage
to conserve soil structure, soil water
and soil nutrients.
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5. Maize/livestock Latin America

‘Nutrient pumps’ feed cattle,

nourish maize

A grass native to tropical Africa has dramatically increased
livestock productivity in Latin America. Brazilian farmers

have now integrated Brachiaria in a direct-seeded maize system
that is replacing soybean monocropping

important in smallholder farming
systems on the savanna grasslands
of Latin America. However, output
per animal unit in tropical areas is
far below that achieved in temperate

L ivestock production is particularly

infiltration and stifles root growth. It
also has the ability to convert residual
soil phosphorus into organic, readily
available forms for a subsequent maize
crop?.

Recent CIAT research has identified

Agro-ecological zone
Tropical savanna

Main cereal Maize

Other crops/products
Meat, milk, forage, rice, millet,
sorghum

another special characteristic
of Brachiaria: a chemical

regions. A major constraint Top 5maize
is the quantity and quality of Pproducers,2013

(million tonnes)

forage, a key feed source in = mechanism found in the Maize producing
ruminant systems. Overgraz- iraz'lt. 22:’24 roots of one Brachiaria species ~ areas of South
. . . rgentina . . e . . 1
ing, farming practices that Pafaguay 4 inhibits emissions from the America
deplete soil nutrients, and a yenepyels - FAO/IRSA BAEL
lack of forage species that are (Bolivarian s
. L. Republicof) 2.25 P e 304
better adapted to biotic and : O e ZUELA GUYANA
e . Colombia 1.7 \ NR. SURINAME
abiotic stresses — all contribute source: FaosTaT | £oomeIR] SN French Guiana (Fr.)
to low productivity. Improving . - 2
. . T  v— avanna
pasture forage quality and productiv- a8 gy -
ity would help to boost production of ;J"? BRAZIL P ) o
meat and milk’. S o
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America have adopted a sustainable
livestock production system that in-
tegrates forages with cereals. A key
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Figure 3.5 Levels of beef productivity on traditional and
Brachiaria pastures (kg/mafyr)

1800 — ~—— j
160 ¢—| |
140 ¢
120 ¢
100 ¢ ‘
20
60¢
40
20

O Brachiaria
[ Traditional

|
|

0e
Mexico

Source: Adapted from Table 13

FOLLOWING
INTENSIVE SOYBEAN
MONOCULTURE,
SOILS ARE LEFT
COMPACTED AND
SUSCEPTIBLE TO
EROSION

ttonduras

Niam%gua 7 costaRica

soil of nitrous oxide, which is derived
mainly from mineral fertilizer and is
one of the most potent of the green-
house gases causing climate change3.

The versatile grass is now grown on
an estimated 80 million ha of land in
Latin America® While the adaptation
of Brachiaria to low-fertility soils has
led to its use for extensive, low-input
pastures, it is also suitable for inten-
sively managed pastures’.

In Mexico and Central America,
the productivity of animals feeding on
Brachiaria pastures is up to 60 percent
higher than those feeding on native
vegetation |Ficure 3.5 The value of
the additional production has been
estimated at Us$1 billion a year®. In
Brazil, annual economic benefits have
been put at Us$4 billion®.

Rotation of annual crops with grazed
pasture is increasing in the Cerrados
eco-region of Brazil, where beef cattle
are a major source of income for many
farmers. Years of poor herd manage-
ment, overgrazing and lack of adequate
soil nutrient replacement have led to

declining productivity and reduced
profitability in traditional livestock
production systems™" 78,

Where natural ecosystems have
been replaced by intensive soybean
monoculture, much of the soil is com-
pacted and susceptible to erosion from
heavy rainfall. Under those conditions,
traditional techniques of soil erosion
control, such as contour planting, have
proved to be ineffective?.

In response, many farmers have
adopted zero-tillage systems, which
increase soil cover and bring other
environmental benefits. In the early
1990s, less than 10 percent of the Cer-
rados was under zero-tillage; by 1996,
it had risen to 33 percent. Including
expansion of the harvested area, the
total area under zero-tillage in the
Cerrados increased 17 times over®.

It has been estimated that around
50 percent of the total cropped area in
Brazil is under direct-seeding, mulch-
based cropping (DMC) systems, which
usually support three crops a year, all
under continuous direct-seeding'.
In the Cerrados, more than 4 million
ha are cultivated using diversified
pMC systems, which have replaced
inefficient, tillage-based soybean
monoculture. A typical sequence is
maize (or rice), followed by another
cereal, such as millet or sorghum, or
the grass Eleusine, intercropped with
a forage species such as Brachiaria™12.

The forages function as ‘nutrient
pumps, producing large amounts of
biomass in the dry season that can
be grazed or used as green manure.
Combining maize and Brachiaria at
the end of the rainy season taps soil



water from levels deeper than 2 m,
and promotes active photosynthesis
later during the dry season. It results
in vigorous vegetative re-growth after
the first rains of the following season,
or after rain during the dry season,
thus ensuring permanent soil cover™.

Because Brachiaria provides excellent
forage, farmers can then choose to
convert the area into pasture, or keep
it in grain production for another
year. Such systems are found under
irrigation and in wetter regions with
frequent, heavy rains that recharge
deep water reserves. In the best bmMc
systems, total annual dry matter
production, above and below the soil,
averages around 3o tonnes per ha,
compared to the 4 to 8 tonnes found
under monocropping™.
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To reduce crop competition, novel
intercropping systems have been de-
veloped. In the ‘Santa Fé” system for
maize and Brachiaria, developed in
Brazil, the grass is made to germinate
after the maize crop, either by delaying
its planting or by planting it deeper.
The young Brachiaria plants are
shaded by the maize and provide little
competition for the cereal. At maize
harvest, however, shading is reduced
and the established pasture grows very
quickly over the maize residues’.

This tight integration between for-
age and grain crops leads to a better
use of the total farm area and a more
intensive use of the pastures, with
less pasture degradation. Similar pmc
systems are being tested in other parts
of the world, including sub-Saharan
Africal.

Brachiaria grass restores
soil structure and helps
prevent compaction
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Agro-ecological zone
Sub-tropical monsoon and
irrigated

Main cereals Rice, wheat
Other crops

Maize, potatoes, sugar cane,

cotton, legumes
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6-Rice/wheat Indo-Gangetic Plains

Conservation agriculture
the key to food security

Resource-conserving technologies produce high wheat yields
while reducing farmers' costs by 20 percent. A shift to conservation
agriculture in rice would create positive synergies in the production

of both crops

tretching 2.25 million sq km
across South Asia, from Bangla-
desh, through India and Nepal
to Pakistan, the Indo-Gangetic Plains
are both the rice bowl and breadbasket
of 1.8 billion people™ 2. Over the past

30 years, thanks mainly to Top5riceand
Green Revolution improved W(;‘Eat producers,

varieties and technology

(million tonnes)

system that produces rice during the
summer monsoon, and wheat during
the short winter. Today, that rice-wheat
system covers around 13.5 million ha
and produces annually an estimated
80 million tonnes of rice and 70 mil-
lion tonnes of wheat“.

In the most productive part
of the plains — the northwest-
ern Indian states of Punjab,
Haryana and western Uttar
Pradesh — the expansion of
the rice-wheat area and yield
increases of 3 percent a year
allowed India to boost wheat
production from 20 million
tonnes in 1970 to 65 million tonnes
by 1995. Around that time, however,
rice and wheat productivity began to
stagnate, with yields between 30 and
70 percent below their potential. The
decline was blamed on ‘soil fatigue’
caused by decades of intensive cultiva-
tion, a continuous drop in input-use ef-
ficiency, the depletion of groundwater,
and rising temperatures> 6.

In response, the Rice-Wheat Con-
sortium, an eco-regional initiative of
national agricultural research systems
and the CGIAR, launched a concerted
effort in 1995 to promote resource-
conserving technologies for cereal




production. The technologies included
zero-tillage, laser-assisted levelling
of land, retention of crop residues,
permanent bed planting, dry-seeding
of rice and surface-seeding of wheat?.

In India and Pakistan, the rate
of adoption of many of those tech-
nologies has been ‘exponential™ 3. In
Haryana state, for example, the wheat
area under zero-tillage rose from
nil to 300 0oo ha between 1997 and
2002. In India as a whole, zero- and
reduced-tillage for wheat production
was practised on an estimated 1.6 mil-
lion ha by 2005".

A major constraint to wheat productiv-
ity, on the eastern plains, is late sowing.
Rice transplanting starts in July but
often continues until late August,
owing to the uncertainty of rains, the
high cost of pumping groundwater,
and labour shortages. Those delays
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result in a late rice harvest, which
in turn postpones the sowing of the
subsequent wheat crop well past the
optimal planting date. Precious time is
also lost owing to the farmers’ practice
of thoroughly ploughing the harvested
rice fields, which are often seriously
compacted by repeated puddling and
the weight of combine harvesters'®.

In many areas, the planting date of
wheat has now been brought forward
by direct-seeding — sowing is done af-
ter the rice harvest with no prior tillage
operations® 8. Seed and fertilizer are
placed at appropriate spacing and soil
depths, with minimal soil disturbance,
using locally manufactured, tractor-
mounted seed drills’.

Zero-tillage contributes to higher
wheat yields, in the range of 6 to
10 percent, because it allows for timely
sowing, leads to a better crop stand,
and generates big savings on tractor

The Indo-Gangetic
Plains rice-wheat system
produces 150 million
tonnes of cereals a year



60 SAVE AND GROW IN PRACTICE: MAIZE * RICE * WHEAT

Running parallel to the
Himalayan mountains, the
Indo-Gangetic Plains are
the breadbasket and rice
bowl of 1.8 billion people

Dry-seeding of rice
reduces water use,
energy costs and labour
requirements

CHINA
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operations, time and fuel |Ficure3.6/°.
Farmers also save an estimated Us$50
to Us$70 per ha on water® 19, In some
areas, irrigation water productivity has
improved by as much as 65 percent
above that obtained under conven-
tional practices?.

Water productivity improves even
more when wheat is planted on zero-
tilled raised beds®. Irrigating alternate
furrows between the beds saves water
and also allows the use of more saline
water — salt accumulates on the sides

of dry furrows, keeping the root zone
relatively salt-free". Other advantages
of growing wheat on raised beds in-
clude reduced waterlogging, reduced
seed rates, and more room for precise
fertilizer placement, mechanical weed-
ing, intercropping and relay planting of
mungbeans’2.

On the western Indo-Gangetic
plains, the adoption of zero-tillage in
wheat production has reduced farm-
ers’ costs per hectare by 20 percent
and increased net income by 28 per-
cent, while reducing greenhouse gas
emissions’.

On the eastern plains, where
drainage is poor, some farmers now
broadcast or drum-seed pre-soaked
wheat seeds, without tillage. This
‘surface-seeding’ is a low-cost technol-
ogy particularly suited to smallholder
farmers, who lack the resources for
land preparation; it allows them to
grow wheat in fields that would other-
wise remain fallow® . Although yields
are no higher than those of wheat
broadcast on conventionally-tilled
land, there is an income gain thanks
to savings on tillage costs'.

For rice, the Consortium promoted the
substitution of long-season cultivars
with short-seasons ones, and direct
dry-seeding which, by eliminating
the need for transplanting, reduces
water use, energy costs and labour re-
quirements. In dry-seeding, fields are
prepared in June and a short-season
rice crop is sown after irrigation to
establish it before the onset of the
monsoon in July®.



During crop growth, various ap-
proaches are being promoted to help
farmers increase rice output with the
same amount of water, or use less
water without reducing yields. One
approach is alternate wetting and
drying, in which the paddy is flooded
and the water is allowed to dry out
before re-flooding. Another is aerobic
rice, where seeds are sown directly
into the dry soil, then irrigated. Both
approaches result in water savings of
30 to 50 percent®. Raised-bed planting
also produces significantly higher rice
yields'™2.

Another resource-conserving
technology introduced to the Indo-
Gangetic Plains is laser-assisted land-
levelling. Many fields have uneven
surfaces, which lead to wasted water,
sub-optimal germination and lower
yields. Traditionally, farmers have
levelled their fields using scrapers and
wooden boards. Now, laser-guided
tractors, operated by private contrac-
tors, offer more precise levelling of
fields at prices smallholders can afford.
Recent studies in northwest India
found that the technology is far more
efficient than traditional levelling,
reducing water applications by as
much as 40 percent, improving the
efficiency of fertilizer, and boosting
rice and wheat yields by from 5 to
10 percent. It is equally profitable on
all farm sizes™14-16,

Farmers have also introduced new
crop rotations that disrupt the life
cycles of insect pests and weeds, and
promote soil health. In Pakistan’s
Punjab province, smallholder farmers
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Figure 3.6 Economics of zero-tillage and conventional tillage
inwheat production, Haryand, India (pcr ha)
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Source: Adapted from Tables 1 & 2, p.939

rotate rice with berseem clover, a
fodder that improves soil fertility and
suppresses weeds that might other-
wise infest subsequent cereal crops'.
On the eastern plains, where fields
generally remain fallow for 8o days
after the wheat harvest, a summer
mungbean crop planted on zero-tilled
soil produces 1.45 tonnes per ha, worth
Us$745. Mungbeans also add nitrogen
to the soil through biological nitrogen
fixation™.

To reduce the wasteful use of fer-
tilizer, the Rice-Wheat Consortium
promoted ‘needs-based’ nitrogen
management by introducing a leaf
colour chart indicating the best times
for fertilization. The charts were
originally designed for rice, but were
spontaneously adapted to wheat by
farmers™. Using the charts, farmers
have reduced fertilizer applications
by up to 25 percent with no reduction
in yield'.

Net income (000 Rs)

conventional
| tillage
D Zero-tillage

PRIVATE
CONTRACTORS
PROVIDE LASER-
GUIDED LAND
LEVELLING

AT PRICES
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Zero-tillage in action:
the ‘Happy Seeder’ drills
wheat seeds through
heavy loads of rice

crop residues

Village surveys conducted across the
plains in 2009 found that one in three
farm households had adopted at least
one resource-conserving technology,
with the highest rates — of almost
50 percent — in the northwest. Farmers
learned about the technologies from
a variety of sources, including other
farmers and equipment manufactur-
ers,and most had integrated them into
their traditional crop management
practices. In northwest India, zero-
tillage seed drills were the most com-
mon item of agricultural machinery
after tractors'®. Their high adoption
rate was made possible by the ready
availability of seed drills developed by
the private sector, with strong support
from state and local governments’.

The impact of Save and Grow prac-
tices and technologies is reflected in
recent increases in wheat produc-
tion in India. Following poor yields

from 2003 to 2007 in Punjab state,
for example, wheat productivity has
increased steadily, and average output
exceeded 5 tonnes per ha in 2012". In
2014, India’s overall wheat production
reached a record 96 million tonnes”.

Much more needs to be done to achieve
a full transition to the sustainable
intensification of cereal production
on the Indo-Gangetic Plains, but the
potential rewards are enormous. To
date, zero-tillage has been adopted
mainly for the wheat component of the
rice-wheat system. Applied to rice, it
would lead to further, urgently needed,
reductions in the use of irrigation
water”. Numerous trials of zero-till,
dry-seeded rice have shown that pud-
dling is not essential for high yields'.

Several strategies have been pro-
posed to increase the uptake of dry-



seeding in rice production, including
intercropping with Sesbania, which
reduces weed infestations and boosts
yields in unpuddled rice fields®.
However, the large-scale adoption of
dry-seeding is held back by lack of
farmer access to suitable equipment. A
recent study in northeast India found
that 57 percent of farmers practised
dry-seeding in 2012. However, since
only 10 percent of farmers owned
drill-seeders, most relied on service
providers. Many farmers were un-
able to carry out dry-seeding because
demand for services exceeded the
supply?°.

A decisive shift to conservation agri-
culture practices in rice — particularly
the retention of crop residues — would
create positive synergies in production
of the two cereals. While many farm-
ers have adopted the drill-seeding of
wheat into residues of the preceding
rice crop, most continue to burn rice
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straw after the harvest, which leads to
serious air pollution'. To discourage
burning-off, and encourage mulch-
based zero-tillage, the Governments
of Punjab and Haryana states are
now upscaling a new technology, the
‘Happy Seeder’, which can drill wheat
seed through heavy loads of rice resi-
dues?"22,

Accelerated uptake of resource-
conserving technologies also depends
on improvements in policy support,
technical knowledge, infrastructure
and access to input and output mar-
kets. Needed is a systems approach,
rather than commodity-centric tech-
nologies which make intensive, and
unsustainable, use of labour, water and
energy. A convergence among proven
technologies and practices would har-
ness the full benefits of conservation
agriculture?3.

Finally, it may be time for farmers on
the Indo-Gangetic Plains to further
diversify production, away from just
rice and wheat. Diversification from
cereal monocropping to other high-
value crops would reduce biotic and
abiotic pressures on the system and
conserve soil and water® 24, Crop
diversification also offers smallholder
farmers higher income opportunities”.

In the northwest, sugar cane, mung-
beans, mint, maize and potatoes are
now cultivated as part of rotations in
the rice-wheat system. On the eastern
plains, where winters are shorter, there
is a growing trend towards replacing
wheat entirely with potato and maize,
which offer higher economic returns’.

CROP
DIVERSIFICATION
OFFERS
SMALLHOLDER
FARMERS tHGHER
INCOME EARNING
OPPORTUNITIES
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Agro-ecological zone
Temperate, sub-tropical
rainfed and irrigated

Main cereal Maize
Other crops

Grain and forage legumes

Maize and legume*
producing areas
of West Africa
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*Includes beans,
chickpeas, cowpeas,
dry peas, pigeon peas

Legumes \
>50kg/ha .

Traditional system makes more
productive use of land

Pigeon peas, cowpeas, groundnuts and jack beans are familiar sights
in farmers’' maize fields. The high productivity of maize-legume
systems make them especially suitable for smallholders

aize-legume systems come in
Mthree basic configurations.

One is intercropping, in which
maize and legumes are planted simul-
taneously in the same or alternating
rows. Another approach is relay crop-
ping, where maize and legumes are
planted on different dates and grow
together for at least a part of their life
cycle. Maize and legumes may also be
grown as monocultures in rotation,

with maize being planted in the same
field after the legume harvest.

Such systems are common through-
out the developing world. Commonly
planted legumes include beans, pigeon
peas, cowpeas, groundnuts and soy-
bean, which are grown mainly for
food, and non-edible legumes, such
as velvet beans and jack beans, which
are used as feed for livestock. All fix
nitrogen in the soil and are useful
as sources of residues that can be
retained on the soil surface as mulch.

Maize-bean intercropping is a tradi-
tional practice among smallholder
farmers in Latin America, especially

NIGER Top5maize in theland-scarce highlands.
%OgUCEI‘S. In Peru, practically all beans,
I and in Ecuador about 80 per-

(million tonnes) )
- cent, are planted along with
Nigeria 10.40 R I £ C 1
Ghana 176 ma1zg. n areas o .enFra
Bl America where land is lim-
faso 171" jted and rainfall low, maize is
) _ : Mali 130 ften intercropped with field

=T b Benin 135
. T0GO L I beans! 2
i 7 CAMEROON Source: FAOSTAT . )
L When maize and beans are
U intercropped, their yields are generally
lower than those of maize or beans
' GABON

grown in monoculture. Studies have
found that maize yielded 5.3 tonnes
per ha when monocropped, 5.2 tonnes




when intercropped with bush beans,
and 3.7 tonnes when intercropped
with climbing beans3. However, under
intercropping, production costs per
unit of output are usually lower and,
because beans sell for up to four times
the price of maize, farmers’ income is
higher and more stable*.

Being drought-tolerant,
pigeon pea is often inter-
cropped with cereals in
smallholder farming sys-
tems in Asia, Africa and the
Caribbean. Pigeon pea is
also deep-rooting, so it does
not compete with maize for
water, and is slow-growing
in its early stages, which
allows maize to establish
properly.

As with maize and beans, both maize
and pigeon pea, when planted together,
yield slightly less than they do when
cultivated alone. However, the overall
yield from intercropping exceeds that
which would have been produced by
the corresponding monocrops — a
comprehensive study of maize-pigeon
pea intercropping in South Africa
found that the system was nearly twice
as productive as monocrops per unit
of area®. In maize-pigeon pea systems
in India and Sri Lanka, planting four
rows of maize to two rows of pigeon
pea provided the highest net returns®.

A three-year study conducted in
central Malawi found that intercrop-
ping maize and pigeon peas under
conservation agriculture produced
almost double the vegetative biomass,
and in drier years 33 percent more
maize grain than conventionally
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tilled maize monocropping’. In Mo-
zambique, long-term maize-legume
intercropping and zero-tillage im-
proved rainfall infiltration five times
over, thanks to good quality biomass
production, which provided mulch®.
In Panama, planting maize on jack
bean mulch saved farmers
84 kg per ha in nitrogen
applications®.

Relay cropping is prac-
tised in Brazil, Colombia
and Central America,
where maize is planted
in May-June and beans
are sown between the
maize plants in August-
September. This allows
the maize to develop

enough to provide a support for the
climbing beans3. In northern Ghana,
planting fields with cowpeas, from
three to six weeks before maize, yields
a nutritious food at a time when other
crops are not yet mature and, with the
retention of residues, provides nitrogen
to the soil™.

Maize-legume rotations also help
to maintain soil fertility. In Mexico,
smallholder farmers have developed
a system that grows velvet beans in
the maize ‘off-season’, and leads to
significantly higher levels of soil pH,
organic matter and nitrogen. That,
in turn, contributes to a 25 percent
increase in the yield of the subsequent
maize crop. The study concluded that
the rotation system was more effective
than intercropping™.

A CimMyYT-led programme for the
sustainable intensification of maize-

Each year, African

farmers harvest an
estimated 11.5 million
tonnes of groundnuts

PER UNIT OF LAND
AREA, MAIZE-
PIGEON PEA
INTERCROPPING

IS NEARLY TWICE
AS PRODUCTIVE AS
MONOCROPPING
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MAIZE-SOYBEAN
ROTATION REDUCES
SOIL EROSION AND
ALLEVIATES PEST
PRESSURE ON BOTH
CROPS

legume cropping systems in Eastern
and Southern Africa found that, under
conservation agriculture, the highest
maize yield increases were achieved
when the cereal was rotated with
legumes such as beans, cowpeas and
soybeans. In Malawi, farmers’ nor-
mal practice obtained maize yields
of 3.7 tonnes per ha; with ca, yields
rose to 3.9 tonnes; with cA and after
soybeans, yields reached 4.5 tonnes
|Ficure 3.712,

A highly productive maize-soybean
rotation system is practised in Nigeria.
Planted before maize, the soybeans
reduce Striga infestations by inducing
premature germination of its seeds.
The soybeans produce about 2.5 tonnes
of grain and 2.5 tonnes of forage per ha,
and residues that supply 10 to 22 kg of
nitrogen per ha. Nitrogen is utilized
by the subsequent maize crop, which
produces yields up to 2.3 times higher
than those under monocropping.

Nigerian farmers’ soybean output
rose from less than 60 0oo tonnes in
1984 to 600 000 tonnes in 20133, en-
couraged by gross income that is 50 to
70 percent higher than that obtained
from continuous maize. Increases in
soybean yields and the planted area
in Nigeria’s dry savanna generated
additional fixed nitrogen that has been
valued at Us$44 million a year™.

Soybeans are often rotated with
maize in Brazil. In the southern states
of Mato Grosso and Parand, maize is a
second-season crop that is planted on
the mulch of early maturing soybeans,
which improves moisture availability
for the maize and reduces soil ero-
sion. The rotation allows two harvests
from the same field and alleviates
pest pressure on both crops, leading
to more sustainable production and
improvements in farmers’ income and
livelihoods™.

Fiqure 3.7 Impact of conservation agriculture (CA)
and lequme rotation on maize yiclds tha)
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While the benefits of maize-legume
systems are well known, smallholder
farmers who rely on food crops for
household food security — especially in
Africa — are often reluctant to occupy
their fields with non-edible legumes
for half or a full year, regardless of the
long-term benefits'®. Adoption of these
systems in Africa is also constrained
by dysfunctional markets for rotational
crops, the unavailability of seed and
the farmer’s perception of risk'”.
Governments may invest in the
development of smallholder maize-
legume systems as a means of ensuring
food security, improving farmer in-
comes and improving soil health. Since
non-edible legumes such as velvet bean
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have very high carbon sequestration
potential, climate change mitigation
funding may be available to encourage
smallholder adoption.

Maize and legume varieties that
produce high yields in monoculture
generally also have high yields when
intercropped. However, differences
in the suitability of certain varieties
for maize-legume systems have been
observed. Breeding efforts should
exploit productive interactions, such
as strong-stalk maize that supports
higher weights of beans. Generally,
maize-legume systems also exhibit
considerable site specificity. Therefore,
the system and its variations require
extensive validation in farmers’ fields.

Strong-stalk maize
varieties support greater
weights of climbing
beans
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Agro-ecological zone
Monsoon paddy systems

Main cereal Rice

Other products
Finfish, crustaceans, snails

Rice producing
areas of Asia
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8 - Rice/aquaculture Asia

A richer harvest from paddy fields

Many rice farmers raise fish around paddy fields to produce food,
control pests, and fertilize their rice crop. Result: lower costs, higher
yields and improved household nutrition

field of rice in standing water
Ais more than a crop — it is an

ecosystem teeming with life,
including ducks, fish, frogs, shrimp,
snails and dozens of other aquatic
organisms. For thousands of years, rice
farmers have harvested that wealth of
aquatic biodiversity to provide their
households with a wide variety of

energy- and nutrient-rich foods. The
traditional rice-fish agro-ecosystem
supplied micronutrients, proteins and
essential fatty acids that are especially
important in the diets of pregnant
women and young children'.

During the 1960s and 1970s, tradi-
tional farming systems that combined
rice production with aquaculture

Ricefield began to disappear, as
aquaculture olicies favouring the
- production, 2010 P ltivati ¢ 8 4
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Asian agriculture. As
the social and environ-
mental consequences have become
more apparent, there is renewed inter-
est in raising fish in rice fields? 3.
There are two main rice-fish pro-
duction systems. The most common is
concurrent culture, where fish and rice
are raised in the same field at the same
time; rotational culture, where the
rice and fish are produced at different
times, is less common. Both modern
short-stem and traditional long-stem
rice varieties can be cultivated, as can
almost all the important freshwater




aquaculture fish species and several
crustacean species?“.

In China, rice farmers raise fish in
trenches up to 100 cm wide and 8o cm
deep, which are dug around and across
the paddy field and occupy about
20 percent of the paddy area. Bamboo
screens or nets prevent fish from
escaping. While fish in traditional
rice-fish systems feed on weeds and
by-products of crop processing, more
intensive production usually requires
commercial feed. With good manage-
ment, a one-hectare paddy field can
yield from 225 to 750 kg of finfish or
crustaceans a year, while sustaining
rice yields of 7.5 to 9 tonnes®.

The combination of different plant and
animal species makes rice-fish systems
productive and nutritionally rich.
Equally important are the interac-
tions among plant and animal species,
which improve the sustainability of
production. Studies in China found
that the presence of rice stem-borers
was around 50 percent less in rice-fish
fields. A single common carp can
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consume up to 1000 juvenile golden
apple snails every day; the grass carp
feeds on a fungus that causes sheath
and culm blight?2.

Weed control is generally easier in
rice-fish systems because the water
levels are higher than in rice-only
fields. Fish can also be more effective
at weed control than herbicides or
manual weeding?. By using fish for
integrated pest management, rice-fish
systems achieve yields comparable to,
or even higher than, rice monoculture,
while using up to 68 percent less pesti-
cide. That safeguards water quality as
well as biodiversity®.

The interactions among plant and
animal species in rice-fish fields also
improve soil fertility. The nutrients in
fish feed are recycled back into fields
through excreta and made immedi-
ately available to the rice crop. Reports
from China, Indonesia and the Philip-
pines indicate that rice-fish farmers’
spending on fertilizer is lower?.

Cultivating fish reduces the area
available for planting rice. However,
higher rice yields, income from fish

A one-hectare paddy
yields up to 750 kg
of fish and 9 tonnes
of rice a year

Snails harvested from
Indonesian rice fields
are a local delicacy
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Figure 3.8 Economics of  sales and savings on fertilizer and

rice-fish farming and
rice monoculture,
Indonesia VS$/Ma)
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pesticide lead to returns higher than
those of rice monoculture |Ficure 3.8[2.
Profit margins may be more than
400 percent higher for rice farmers
culturing high-value aquatic species®.

Raising fish in rice fields also has
community health benefits. Fish feed
on the vectors of serious diseases,
particularly mosquitoes that carry
malaria. Field surveys in China found
that the density of mosquito larvae
in rice-fish fields was only a third of
that found in rice monocultures. In
one area of Indonesia, the prevalence
of malaria fell from 16.5 percent to
almost zero after fish production was
integrated into rice fields?.

Combining rice and aquaculture also

makes more efficient use of water.

However, rice-fish farming requires

about 26 percent more water than

rice monoculture?. In areas where

water supplies are limited, the

introduction of rice-fish sys-

tems is not, therefore, rec-

ommended. However, Fao

has estimated that almost

90 percent of the world’s rice

is planted in environments

that are suitable for the culture

of fish and other aquatic organisms®.
In China, aquaculture in rice fields

has increased steadily over the last

two decades, and production reached

1.2 million tonnes of fish and other

aquatic animals in 2010°. New op-

portunities for diversifying production

are opening up in Indonesia, where

the tutut snail, a traditional item in

rural diets, is becoming a sought-after

health food for urban consumers*.
The resurgence in rice-fish farming
is being actively promoted by the
Government of Indonesia, which re-
cently launched a ‘one-million hectare
rice-fish programme.

While there is compelling evidence
of the social, economic and environ-
mental benefits of aquaculture in rice
farming systems, its rate of adoption
remains low outside of China. Else-
where in Asia, the area under rice-
fish production is only slightly more
than 1 percent of the total irrigated
rice area. Interestingly, the rice-fish
farming area is proportionally largest
outside Asia, in Madagascar, at nearly
12 percent?.

There are many reasons for the mar-
ginality of rice-fish farming, including
lack of awareness of its benefits, the

availability of low-cost pesticides

and smallholder farmers’ limited

access to credit for investment

in fish production?. Overcoming

those barriers is difficult because

multi-sectoral policymaking is
involved.

Rice-fish farming needs to be

championed by agricultural

policymakers and agronomists

who recognize the benefits of

integrating aquaculture and

rice, and can deliver that

message to rice-growing

communities. Just as agri-

cultural development strat-

egies once promoted large-scale

rice monoculture, they can now help

to realize the potential of intensive,

but sustainable, rice-fish production

systems.
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Agro-ecological zone
Tropical, rainfed

Main cereal Maize

Other crops/products
Meat, milk, fodder, fuelwood

9. Maize/forestry Southern Africa

Where trees and shrubs
cost less than fertilizer

Leguminous trees and shrubs grown with maize provide high-quality,
nitrogen-rich residues that improve soil fertility, boost yields and

provide new sources of income

bia depends on maize production.

However, in both countries, yields
average a low 1.2 tonnes per ha. Only
about one in four smallholder farmers
in Zambia and one in five in Malawi
grow enough maize to sell in markets.
Since maize production is almost
entirely rainfed, the crop is highly vul-
nerable to fluctuations in rainfall and
temperatures, and that vulnerability is
likely to increase as climate changes.

F ood security in Malawi and Zam-

In Malawi, a drought in 20042005
caused average maize yields to drop
to just 0.76 tonnes per ha, and five
million Malawians, nearly 40 percent
of the population, needed food aid".
One of the main obstacles farmers
face in increasing maize production is
low soil fertility. Many maize farmers
can neither afford mineral fertilizer
nor obtain sufficient amounts of or-
ganic fertilizer, such as animal ma-
nure. Decades of intensive cultivation
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The falling leaves of
Faidherbia enrich the soil
with nitrogen and organic
matter

without fertilization have drained
nutrients, particularly nitrogen, from
the soil'.

To address the problem, the Zambia
National Farmers’ Union has explored
ways of integrating nitrogen-fixing
trees into maize production systems?.
The most promising candidate was
found to be Faidherbia albida, an

African acacia species, which has an
unusual growth habit. The tree is
dormant in the early rainy season
and loses its leaves just as field crops
are being established; the leaves only
grow back at the end of the wet season.
Maize can be grown directly under the
leafless Faidherbia canopy, as the trees
do not compete with the crop for light,
nutrients or water while the maize is
growing3.

Thanks to the decaying leaves, the soil
under the trees contains up to twice as
much organic matter and nitrogen as
soil outside the canopy. There is also a
marked increase in soil microbiologi-
cal activity, and an increase in water
holding capacity*.

Numerous studies have noted in-
creases in yields when maize is grown
in association with Faidherbia, and
those increases tend to be higher
where soil fertility is low. In Zambia,
maize planted outside the tree canopy
produced average yields of 1.9 tonnes
per ha, compared to 4.7 tonnes when
the crop was grown under the canopy
|Ficure 3.95 in Malawi, maize yields
increased by 100 to 400 percent when
the crop was grown with Faidherbia’.

Both countries promote Faidherbia
as part of conservation agriculture
systems that offer smallholder farmers
a means of increasing maize produc-
tivity and earning higher incomes
from sales. National recommendations
are to grow 100 trees per ha ina 10 m
x 10 m grid pattern’.

Faidherbia is now grown in con-
servation agriculture maize systems
covering some 300 000 ha in Zambia.
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In Malawi, there are about half a
million farms with the trees. Farmers
have been able to establish most of
the Faidherbia stands simply by as-
sisting the natural regeneration of tree
seedlings on their land®.

Although Faidherbia is one of the
fastest growing acacia species, it is
not a quick fix for low soil fertility.
In a survey of 300 Zambian farmers,
one-third said that yields increased
over a period of one to three years,
while 43 percent said that it took up
to six years before they saw benefits in
production®.

Planting leguminous coppicing trees,
such as Gliricidia sepium, which take
less time to establish, is another way of
increasing maize production sustain-
ably. On small landholdings in south-
ern Malawi, the World Agroforestry
Centre is promoting a system in which
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farmers plant Gliricidia in o
rows in their maize fields, e
prune them back two
or three times a

year, and mix the

leaves into the soil.
Findings from a
decade-long study
indicate that on
unfertilized plots

where Gliricidia is in-
tercropped with maize,
yields average 3.7 tonnes
per ha, and reach 5 tonnes per ha

in good years. On unfertilized plots
without Gliricidia, average yields were
only 0.5 to 1.0 tonne per ha'.

In areas where land holdings are
larger than 1 ha, growing leguminous
shrubs such as Sesbania sesban on
fallow fields is another option for
revitalizing the soil and increasing
maize yields. Leguminous trees and
shrubs add from 100 to 250 kg of
nitrogen per ha to the soil in fields that
are left fallow for two or three years.
Even though fields are unproductive
for two out of every five years, overall
production and returns on investment
are higher when maize is grown in
rotation with nitrogen-fixing shrubs
and trees'.

In eastern Zambia, one study
found the average net profit was
Us$130 per ha when farmers cultivated
maize without fertilizer; Us$309 when
it was grown in rotation with Sesbania;
and Us$327 when it was intercropped
with Gliricidia. For each unit of invest-
ment, farmers who integrated trees
with maize benefited from higher
returns than those who used mineral
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The leguminous shrub
Sesbania sesban
revitalizes soil and boosts
maize yields

LOW-INCOME
FARMERS ARE
OFTEN QUICKER
TO EMBRACE
AGROFORESTRY
THAN THOSE WHO
ARE BETTER OFF

fertilizer, subsidized or unsubsidized,
for continuous maize production’. The
study confirmed that maize produc-
tion in agroforestry-based systems is
both socially profitable and financially
competitive, compared to maize pro-
duction using only mineral fertilizer®.

Adopting agroforestry practices has
helped smallholder farmers in East
and Southern Africa to overcome one
barrier to the adoption of conservation
agriculture: the lack of crop residues to
maintain a constant soil cover. Because
most African smallholders also raise
livestock, they often use crop residue
biomass as animal fodder. With trees
growing on their farms, there is now
enough biomass to both meet livestock
needs and improve maize yields.

The trees also provide fuel for rural
households — in Zambia, farmers were
able to gather 15 tonnes of fuelwood
per ha after the second year of fallow
with Sesbania and 21 tonnes after the
third year.

Agroforestry improves soil structure
and water filtration, which makes
farms, especially those that rely on

rainfall, more resilient to drought and
the effects of climate change. More-
over, it can play an important role in
climate change mitigation. Conserva-
tion agriculture with trees sequesters
from 2 to 4 tonnes of carbon per ha
per year, compared to 0.2 to 0.4 tonnes
under ca without trees. In addition, by
increasing maize production and the
supply of fuelwood, farming systems
that integrate trees with maize can
reduce the need for converting forests
to farmland, which is a major source
of greenhouse gas emissions.

In Sahelian countries, such as
Burkina Faso and Niger, agroforestry
has been shown to improve the yields
of other cereals, such as millet and
sorghum. With further research and
farmer engagement, conservation ag-
riculture with trees could be expanded
into a much broader range of food
cropping systems throughout Africa’.

Agroforestry does not require large
financial investment. In fact, low-
income farmers are often quicker
to embrace it than farmers who are
better off. Although more labour is
required during the initial shift to a
maize-forestry system, farm labour
can be used more efficiently once
farmers master the new practices.
However, incorporating trees into crop
production is a knowledge-intensive
activity. Policy support, continued
research and rural advisory services
that engage smallholder farmers are
crucial for the long-term expansion of
farming systems that integrate maize,
shrubs and trees'.
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10 Wheat Central Asia

Farmers stop ploughing
on Kazakhstani steppe

Zero-tillage, soil cover and crop rotation would help many countries
to reverse land degradation and produce more food. Kazakhstan's
wheat growers are already well advanced in the transition to full

conservation agriculture

across the semi-arid steppes of

northern Kazakhstan were sowing
their annual wheat crop, the region
entered one of its worst droughts on
record. In many areas, no rain fell be-
tween April and September. To make
matters worse, daily summer tem-
peratures rose several degrees above
normal’. That year, many farmers lost
their entire crop and Kazakhstan’s
wheat harvest, which had reached
23 million tonnes in 2011, plummeted
to less than 10 million tonnes?.

Some farmers, however, did not lose
their crops. They were among the
growing number of Kazakhstani wheat
growers who have fully adopted con-
servation agriculture (ca), including
zero-tillage, retention of crop residues
on the soil surface and crop rotation’.
Those practices have increased levels
of soil organic carbon and improved
soil structure in their fields, allowing
better infiltration and conservation
of moisture captured from melting
winter snow?. As a result, some farm-
ers in Kostanay province achieved
yields in 2012 of 2 tonnes per hectare,
almost double the national average of
recent years'.

In the spring of 2012, as farmers

Wheat producing
areas of Central Asia
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Around 2 million of Kazakhstan’s
19 million ha of crop land are under
full conservation agriculture. On
9.3 million ha, farmers have adopted
minimal tillage, which uses narrow
chisel ploughs at shallow depths
|Ficure 3.10[% 5. The widespread adop-
tion of conservation agriculture in

Agro-ecological zone
Temperate continental,
rain- and snow-fed

Main cereal Wheat

Other crops
Oats, buckwheat, sorghum,
oilseeds, legumes

Top 5 wheat
producers, 2013

(million tonnes)

Kazakhstan ~ 13.94
Uzbekistan 6.84
Afghanistan  5.16

Turkmenistan  1.25
Tajikistan 0.92
Source: FAOSTAT
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Figure 3.10 Changes
in crop area under

different tillage
technologices in
Kazakhstan
(million Ha)
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northern Kazakhstan’s wheat belt has
been driven by necessity. While the
country has vast land resources for
wheat production, and is one of the
world’s leading producers and export-
ers of high-quality wheat and flour®,
the crop relies entirely on precipitation
and is, therefore, very vulnerable to the
loss of soil moisture’.

Wheat farmers began reducing till-
age in the 1960s to cope with high
losses of soil to wind erosion. By the
end of the twentieth century, minimal
tillage was a common practice. In
2000, CIMMYT and FAo, together with
Kazakhstani scientists and farmers,
launched a programme to introduce
conservation agriculture in rainfed
areas, and raised-bed planting of wheat
under irrigation in the south of the
country’.

Trials in the north showed zero-
tilled land produced wheat yields
25 percent higher than ploughed land,
while labour costs were reduced by
40 percent and fuel costs by 70 per-
cent. The trials also demonstrated the
advantages of growing oats in summer
instead of leaving land fallow. With
an oat crop, the total grain output
from the same area of land increased
by 37 percent, while soil erosion was
much reduced”.

Today, Kazakhstan ranks among the
world's leading adopters of zero-tillage.
The area of land that is no longer
ploughed at all rose from nil in 2000 to
1.4 million ha by 20088. That increase
is attributed to very high adoption
rates on large farming enterprises of
more than 50 000 ha, where managers

are striving to increase production
while reducing costs®. However, the
approach has also been taken up
on small to medium-sized farms, a
category which, in sparsely popu-
lated Kazakhstan, ranges from 500 to
2 500 ha'%. The adoption rate has been
particularly high on farms with rich
black soils, where high returns provide
the capital needed for investment in cA
machinery”.

In zero-tilled areas, weeds are often
controlled with herbicides". However,
many farmers have found that combin-
ing zero-tillage with permanent soil
cover also helps to suppress weeds.
Without tillage, the natural store of
weed seeds in the soil diminishes
over time, and decomposing residues
release humic acids, which block the
seeds’ germination. While zero-tillage
usually requires increased use of herbi-
cides in the first few years of adoption,
after four or five years the incidence of
weeds — and herbicide use — decreases
considerably®.

Another advantage of retaining crop
residues in northern Kazakhstan is
that it increases the availability of
water to the wheat crop. Annual pre-
cipitation ranges from 250 to 350 mm,
and winter snow accounts for around
40 percent of it; when the snow is
blown away by wind, the soil surface is
left bare and dry. Retaining the stubble
of the previous wheat crop traps the
snow which, when the weather warms,
melts into the soil. That has two ben-
efits: more moisture is available along
the soil profile and erosion is reduced
or even eliminated. On-farm research
has found that the use of residues to



CHAPTER 3 FARMING SYSTEMS THAT SAVE AND GROW 77

capture snow, along with zero-tillage,
can increase yields by 58 percent®.

Progress in the adoption of the third
pillar of ca, diverse crop rotations,
which would increase land productiv-
ity and help farmers to better manage
wheat pests and diseases, has been
slower. The vegetation period on the
northern steppes in summer is short,
with a high frequency of dry years'2.

However, areas of traditional sum-
mer fallows are declining, as farmers
take advantage of available — and
sometimes abundant — rainfall to grow
oats, sunflower and canola’. Studies
have shown the high potential of other
rotational crops, including field peas,
lentils, buckwheat and flax™.

A three-year study found that for-
age sorghum sown late in May and
harvested in August provided not only
fodder for sale or silage, but also left a
durable post-harvest stubble that was
very effective in trapping that precious
winter snow?.

The adoption of conservation agri-
culture in Kazakhstan has enabled an
increase in annual wheat production of
almost 2 million tonnes, sufficient to
feed some 5 million people'. Further
increases will be possible with the
development of high-yielding wheat
varieties better suited to zero-tillage
and the north’s harsh winters and
increasingly hot summers. That op-
tion is being explored through a pro-
gramme with CiMmMYT, which crosses
in Mexico local Kazakhstani wheat
varieties with Mexican, Canadian and
US cultivars®.

Conservation agriculture is considered
highly suitable for all of Central Asia’s
major cropping systems, from north
Kazakhstan’s wheat belt down to
the irrigated wheat, rice and cotton
fields of Uzbekistan and Tajikistan.
By reducing erosion and building
healthy soils, it would help combat the
desertification and land degradation

1|'

ﬂ#n‘hm W0
Kazakhstan is one of
the world’s leading
producers and exporters
of high-quality wheat
and flour

ZERO-TILLAGE AND
CROP RESIDVES
THAT CAPTURE
WINTER SNOW

CAN INCREASE
WHEAT YIELDS BY
58 PERCENT
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Kazakhstani farmers have
modified traditional wheat
plough-seeders to enable
direct-seeding through
residues, without tillage

MOST CENTRAL
ASIAN COUNTRIES
STILL HAVE

NO POLICIES

TO PROMOTE
CONSERVATION
AGRICULTURE

that costs Central Asian countries
an estimated $2.5 billion annually.
By optimizing water-use efficiency,
it could be particularly beneficial in
irrigated areas — salinization, caused
mainly by over-use of irrigation, affects
11 percent of irrigated land in the Kyr-
gyz Republic, 50 percent in Uzbekistan
and 96 percent in Turkmenistan'.

In recent years, information on
conservation agriculture has reached
farmers across the region and some ca
practices are appearing in their fields.
In Uzbekistan, for example, winter
wheat is planted into standing cotton
on some 600 000 ha. In Tajikistan,
direct-seeding of winter wheat after
the cotton harvest, with minimum
soil disturbance, is practised on some
50 000 ha3. Trials conducted recently
by an Fao project in Azerbaijan con-
vinced smallholder farmers to adopt
conservation agriculture on 1 800 ha
of irrigated land™.

However, full conservation agri-
culture remains limited outside of
northern Kazakhstan. Even in the
south of Kazakhstan, the adoption
of zero-tilled, raised bed planting of

wheat under irrigation is held back by
a lack of suitable seeding equipment
and farmers’ general lack of knowl-
edge of ca technologies. Most Central
Asian countries have no policies that
promote conservation agriculture.
Quite the contrary: farmers often have
little incentive to adopt water-saving
practices because they do not pay for
irrigation water3. Some countries even
have tillage regulations that prevent
farmers from leaving crop residues
on the field®. While drill-seeders have
been successfully tested in Uzbekistan,
none are commercially available™.

A transition to conservation agricul-
ture in Central Asia should start by
increasing the awareness of its benefits
among all stakeholders, including
farmers, researchers, extensionists
and policymakers'. Governments can
support the transition by facilitating
the development of a local capacity
for manufacturing ca equipment, par-
ticularly seed drills that are adapted
to local soil and climatic conditions'.

Many governments could learn from
the example of Kazakhstan, where
state policy promotes conservation
agriculture, and the top priority in ag-
ricultural research is the development
and dissemination of water-saving
technologies. In 2011, Kazakhstan
introduced subsidies on cA equipment
that are three to four times higher than
those on conventional technologies?.
Government support has encouraged
farmers in northern Kazakhstan to
invest an estimated Us$200 million
to equip their farms with zero-tillage
machinery'®.
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11-Rice/maize Asia

High yielding hybrids help adapt

to climate change

Many rice farmers have switched to growing maize in the dry season,
using hybrids that reduce water consumption and generate higher

incomes. Close-up: Bangladesh

raditionally, many Asian rice
Tfarmers have maintained year-
round production by growing
either wheat or rice in the dry winter
season, after the monsoon rice crop.
Over the past two decades, however,
rice-maize farming systems have ex-
panded rapidly throughout Asia,
driven by a strong demand for maize
and by the development of maize hy-
brids suited to areas with insufficient
water for continuous rice cultivation’.
At last count, rice-maize systems
were practised on more than 3.3 mil-
lion ha of land in Asia, with the largest
production areas found in Indonesia
(1.5 million ha), India (0.5 million) and
Nepal (0.4 million). Recent expansion
of the area under rice-maize rotation
has been most rapid in Bangladesh,
where farmers began growing maize
to sell as feed to the country’s boom-
ing poultry industry. Between 2000
and 2013, maize production increased
from just 10 ooo tonnes to 2.2 million
tonnes, and the harvested area from
5 000 ha to 320 000 ha'2,

Maize grows well in Bangladesh's
fertile alluvial soils and yields there
are among the highest in the region.
The crop is sown at the start of the

Maize producing
areas of Asia =
FAO/IIASA GAEZ

PR heCrage | <08
cool Rabi season, which runs from
November to April, after the harvest-
ing of the rice crop grown during
the July-December Aman monsoon
season. While Rabi maize is generally
cultivated as a sole crop, many farm-
ers have begun to intercrop it with
potatoes and with early maturing
vegetables, such as red amaranth,
spinach, radish, coriander and French
beans. Peas are also intercropped with

Agro-ecological zone
Monsoon rainfed and winter
irrigated

Main cereals Rice, maize

Other crops/products
Vegetables, potatoes,
legumes, meat, eggs

|
:gégHILIPPINES
.3

e,

Top 5 maize
producers, 2013

(million tonnes)

China 2177
India 233
Indonesia 18.5
Philippines 14
Viet Nam 5.2

Source: FAOSTAT
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Figure 3.11_Economics of dry season rice,
wheat and hybrid maize production
in Bangladesh (000 Taka/Ma)
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maize because they do not compete for
sunlight, nutrients or space3.

Farmers typically use high-yielding
hybrid maize, which requires sig-
nificant inputs of nutrients. The
cost of maize production is actually
higher than that of other traditional
winter cereals and, as a result, poorer
farmers often plant maize on only a
small area of land. However, the gross
margin from maize sales, per hectare,
is 2.4 times greater than that of wheat
or rice |Ficure 3.11). Maize also has fewer
pest and disease problems3.

The diversification to maize could
also be a good strategy for climate
change adaptation, because maize is
more tolerant of high temperatures,
which are a growing problem for
wheat, and is less thirsty for water
— in Bangladesh, 850 litres of water
produces a kilogram of maize grain,
compared with 1 ooo litres per kg of

wheat and more than 3 ooo litres for
the same amount of rice. By reducing
the extraction of groundwater for
irrigation, maize production also helps
reduce arsenic contamination of the
soil, a severe problem in many areas
of Bangladesh?.

Farmers and agronomists in Bangla-
desh have noted that grain yields tend
to decline in fields where maize has
been cultivated as a dry season crop
for five or more years. To ensure the
sustainability of rice-maize systems,
farmers need to carefully time the
planting and harvesting of each crop,
improve their soil and water manage-
ment practices, and use quality seed3.
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The soil requirements of rice and
maize are very different, which makes
the timing of maize planting tricky.
Transplanted Aman rice is usually
grown in well-puddled, wet clay soils,
while maize grows best in well-aerated
loamy soils®. After the rice harvest,
therefore, conventional preparation of
fields for maize often involves three to

BANGLADESH

[ Areas identified

five passes of a rotary tiller behind a as suitable for maize
~ g g production
two-wheel tractor. Ploughing requires Pn Bangladesh

considerable investments of time, fuel
and labour, and farmers need to wait
for up to three weeks before the rice
fields are dry enough to be tilled“. Late
planting of maize, in turn, can lower
yields by as much as 22 percent3.

0 50 100 150 km
[ —

CIMMYT

Conservation agriculture practices
are reducing the need for ploughing
and, with it, delays in maize planting.
Establishing rice and maize on untilled
permanent beds, using straw as mulch,
has produced higher grain yields, using
fewer inputs, than crops sown on
ploughed land. Increased productivity
has been attributed to higher levels
of soil nitrogen and generally bet-
ter soil conditions. In India, research
showed that permanent beds not only
produced higher yields than ploughed
land, but did so using up to 38 percent
less irrigation water®. In Bangladesh,
saving water is crucial during the dry
months from February to May, when
shallow tube wells often run dry3.

The Bangladesh Agricultural Re-
search Institute and CiIMMYT have
adapted and promoted drill-seeders
originally developed for wheat, so that
they can be used to sow maize and
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FARMER TRAINING
IS CRITICAL TO

THE RAPID AND
WIDESPREAD
ADOPTION OF
SUSTAINABLE MAIZE
PRODUCTION

rice without tillage. In northwest Ban-
gladesh, farmers using these seeders
obtained rice yields similar to those of
transplanted rice, but using less water
and labour, and were able to harvest
the crop two weeks earlier?.

A study in Bangladesh compared
yields and profitability under plough-
ing and zero-tillage. With permanent
bed planting of maize, the combined
productivity of rice and maize was
13.8 tonnes per ha, compared to
12.5 tonnes on tilled land. The an-
nual costs of rice-maize production on
permanent beds was Us$1 532 per ha,
compared with US$1 684 under con-
ventional tillage“.

Hybrid maize requires large amounts
of nitrogen to produce high yields. But
Bangladesh’s reserves of natural gas,
which is used to produce urea fertil-
izer, are finite and non-renewable. One
promising solution to soil nutrient
depletion is the application of poultry
manure, which is becoming abundant
— Bangladesh’s poultry sector now
produces about 1.6 million tonnes of
manure every year3.

Good maize yields have been
obtained by replacing with poultry
manure 25 percent of the mineral
fertilizer normally applied. Soil nitro-
gen can also be partially replenished
by growing legumes, such as mung-
beans, after the maize harvest?. In
tropical monsoon climates, a summer
mungbean crop also mops up residual
nitrogen and prevents nitrate pollution
of aquifers?.

Planting short duration rice varieties
would allow farmers to plant maize

earlier. However, those rice varieties
produce lower yields, and farmers are
generally unwilling to sacrifice the
production of their main food crop.
The Bangladesh Rice Research Insti-
tute is, therefore, developing higher-
yielding, shorter duration Aman rice
varieties. The future of sustainable
rice-maize farming in South Asia also
hinges on the development of high-
yielding maize hybrids that mature
quickly and tolerate both waterlogging
and drought.

Maize farming in Bangladesh is
still new territory for many farmers,
and it will take time for them to fully
integrate it into cropping systems that
optimize production and improve
soil health. Critical to the rapid and
widespread adoption of sustainable
maize production is the training of
farmers in the precise timing of sowing
and more effective management of
irrigation and mineral fertilizer® .

Domestic maize production has
reduced Bangladesh’s dependence on
imports. The shift to maize has also
provided farmers with a means of
diversifying their income and their
diets. Many farmers do not sell their
entire maize harvest — they feed some
to their own poultry and sell eggs
and meat at local markets. Increas-
ingly, maize is being consumed as
food, not just fed to poultry. As the
price of wheat flour has increased,
many families are mixing maize flour
into their chapatis®.
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The way forward

The widespread adoptzon of Save and Grow A ,j
will require concerted action at all levels —
by governments, international organizations,
the private sector and civil society
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he profiles of Save and Grow in practice, presented in Chapter 3,

have demonstrated how integrated, resource-conserving farming

systems, when adapted to specific agro-ecological and socio-

economic contexts, generate significant social, economic and

environmental benefits. Smallholder farmers have increased
cereal production and productivity and improved their livelihoods and
income, while conserving natural resources, enhancing ecosystem services,
and adapting to and mitigating the effects of climate change. Save and Grow
farming systems are often most effective under difficult farming conditions
of water scarcity, soil nutrient depletion and climate extremes.

Sustainable crop production intensification, through Save and Grow, must
now be scaled up, as a matter of urgency, in order to face the ‘unprecedented
confluence of pressures’ that threatens the world’s environment, socio-
economic development and long-term food security.

Today, almost 800 million people are chronically hungry! and 2 billion
suffer from micronutrient deficiencies?. Agricultural activities are depleting
the very natural resources on which our food systems depend. Globally,
one-third of all farmland is moderately to highly degraded through loss of
organic matter, forest clearing, nutrient depletion and erosion3. Agriculture’s
share of the world’s freshwater withdrawals faces intense competition: by
2025, two-thirds of the world’s population could be living under conditions
of water stress“. An estimated 75 percent of crop biodiversity has been lost
and the remainder is at risk, while the increasingly narrow genetic base of
major crop varieties exposes them to the impacts of climate change®.

The ‘confluence of pressures’ is not felt uniformly. It is felt more by some
countries and communities than by others, and particularly so in the rural
areas of developing countries, where at least 70 percent of the world’s very
poor people live®. Poverty itself has been shown to be a major cause of natural
resource degradation. The distribution of land suitable for cropping is also
skewed against countries that have the greatest need to raise production3.

The challenge we face is to meet today’s demands for more food and other
agricultural products than at any time in history, and to do it in a way that
conserves natural resources and does not jeopardize the capacity of future
generations to meet their own needs. At stake is not only global food security
but prospects for global peace and stability.

The transition to sustainability — to ensure world food security, provide
economic and social opportunities, slow the rate of climate change, and
protect natural resources and ecosystem services — requires fundamental
changes in the governance of food and agriculture’. It calls for striking a
balance between the needs of both human and natural systems, between
agriculture’s multiple objectives, and between agriculture and other sectors.
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That requires, in turn, a realistic assessment of the full costs of making
transitions, including the need for building enabling policies and institutions.
It also requires careful targeting of integrated farming systems that are
adapted to site-specific conditions. Achieving sustainability hinges on an
enabling policy, legal and institutional environment that strikes the right
balance between private and public sector initiatives, and ensures account-
ability, equity, transparency and the rule of law®.

Some lessons learned

e review first some of the ‘lessons learned’ from the Save and Grow

farming systems presented in Chapter 3. The aim is to identify the
actors, and the policy and institutional measures, that enabled and sustained
the adoption of ecosystem-based cereal production, as well as the constraints
that have impeded progress.

National and international organizations have played an important role in
the development of sustainable farming systems. For example, FAO promoted
the introduction of conservation agriculture in Kazakhstan and supported
farmer training in System of Rice Intensification (Sr1) practices in Viet Nam.
Conservation agriculture on the Indo-Gangetic Plains has been supported
by an eco-regional programme of the CGIAR and national research institutes
in four countries. Similar long-term partnerships have provided funding,
research and technical advice for the development of maize agroforestry
systems in Central America and Southern Africa.

Farmers and farmers’ organizations have often led innovation in ecosystem-
based production. In Honduras, smallholder farmers pioneered ‘slash-and-
mulch’ production of maize, which has since been adopted in neighbouring
countries. Farmers have introduced conservation agriculture practices, such
as zero-tillage, to the System of Rice Intensification. In India, they adapted
to wheat a nitrogen management tool originally developed for rice, while
farmers in Kenya have adapted the ‘push-pull’ system of integrated pest
management to grow beans and provide feed for livestock.

Government support, at all levels, has been crucial in upscaling sustainable
crop production initiatives. Kazakhstan is one of the world’s leading adopters
of zero-tillage thanks to a national policy that promotes conservation agri-
culture. With the support of FA0, the Government of Indonesia has launched
a ‘one-million hectare rice-fish programme’, which will make an important
contribution to nutrition and rural development. State governments have
funded the diffusion of zero-tillage maize systems in Brazil and supported
the supply of zero-tillage equipment for wheat in India.
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The private sector has also been a key facilitator of more sustainable and
productive farming in some countries. In India, local factories manufacture
zero-tillage seed drills and private contractors provide laser-assisted land
levelling services. In Kazakhstan, conservation agriculture equipment, such
as tractor-drawn seed drills, is readily available from dealers in agricultural
machinery. Public-private partnerships are improving the seed supply in
Brazil, China and India.

At the same time, constraints to the adoption of sustainable crop produc-
tion intensification have been identified. While conservation agriculture
would help to increase cereal production in Central Asia, most governments
in the region have no policies to promote it, suitable equipment is generally
unavailable, and farmers have few incentives to increase water productivity.

Despite the positive impact of ‘push-pull’ 1PM on production, income
and sustainability in East Africa, its adoption is hampered by insecure land
tenure, which discourages farmer investment. The introduction of legume
crops would improve maize yields and soil health in sub-Saharan Africa, but
farmers lack access to seed and profitable markets for their produce.

Many governments continue to subsidize the price of pesticide and
mineral fertilizer, tilting the comparative economic advantage against more
sustainable systems, such as integrated rice and aquaculture production,
which use fish to control weeds and insect pests, and cereal-legume systems,
which capitalize on natural sources of nitrogen. In general, the private sector
has under-invested in the development of sustainable technologies, and has
often actively opposed measures to promote integrated pest management.

An important precondition for the adoption of Save and Grow practices is
their adaptation to specific agro-ecological and socio-economic conditions,
including labour availability. Labour costs have emerged, for example, as a
factor limiting the wider adoption of the System of Rice Intensification in
some areas.

Another major constraint is the time needed to realize the benefits of
moving to sustainable production practices and restoring ecosystem services.
In Kazakhstan, weed problems in wheat fields decline over a period of four
to five years after adoption of zero-tillage and the retention of crop residues.
In Zambia, it took up to six years for farmers to see the production benefits
of growing maize with Faidherbia albida. This underscores the need for
strong institutional commitment — including but not limited to financing — in
support of the transition to Save and Grow, for a sustained period? 0,
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Making the transition to Save and Grow:
Ten recommendations

D rawing on the lessons learned from the Save and Grow farming systems
presented in Chapter 3, and other ecosystem-based approaches being
applied in the developing world, the following 10 actions are recommended
for consideration by countries making the transition to the sustainable
intensification of maize, rice and wheat production.

Promote Save and Grow in structural transformation

A key challenge for policymakers in managing the transition to sustain-
able agriculture — and the broader structural transformation of economies
and societies — is building and strengthening institutions and partnerships
and harmonizing their actions. A multi-sector policy framework is needed
that considers agriculture and agricultural growth within the context of
natural resources management, urbanization policies, patterns of public
investment, reduction in food waste, a shift to more sustainable diets, and
the creation of non-farm employment in rural areas.

In this vision of sustainability, Save and Grow becomes part of the global
transition to ‘green economies’, which aim at improving human well-being
and social equity, while significantly reducing environmental risks, ecological
scarcities and the pace of climate change. The greening of agriculture is
expected to increase yields and farmers’ incomes, while creating additional
positive effects and synergies in social, economic and environmental spheres,
such as improved nutrition, reduced dependence on food imports, and
reduced environmental pollution™. Such an approach will require coopera-
tion and integration among government ministries in order to ensure the
compatibility of sectoral policies and programmes’ 3.

In many developing countries, the institutions necessary for the
transition to Save and Grow — in agricultural education, research, extension,
policymaking, and seed production and certification — are either weak or
non-existent. They must be created or strengthened. In most countries,
ministries and national institutions often do not coordinate actions that
have impacts on agricultural productivity and sustainability. In fact, they
frequently promote contradictory policies and actions.

Ministries critical to the promotion of sustainable crop production — such
as those for agriculture, livestock, environment, natural resources, forestry,
fisheries, food processing and marketing, and labour — need to align their
strategies and actions for maximum benefit and impact. Policymakers must
also develop and strengthen the capacity to analyse and balance the trade-offs
among agricultural sectors, and often within the crops subsector.
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Many non-governmental agencies are also involved in the production,
processing and marketing of cereals. Civil society organizations (csos)
represent a range of constituencies, including farmers, agricultural workers,
the landless, women, youth and indigenous peoples. They reach the most
vulnerable groups of society, and bring their concerns into the policy
dialogue and the design of programmes and projects. The csos, including
social movements of smallholder farmers, have succeeded in establishing a
dialogue with governments and other actors at regional and global levels,
and have contributed to the development of new governance models. They
should be part of multi-stakeholder national dialogues, and fully engaged in
the planning and implementation of public policies.

The private sector, including farmer organizations, small- and medium-
sized enterprises, international corporations and private foundations, is also
an important partner. Since agriculture is a core private enterprise activity,
the sector can support smallholder farming initiatives and help ensure
food security through responsible, productive investment and employment
creation.

Partnerships between csos and the private sector, and between them
and national institutions, should be strengthened, and their actions aligned
for efficient implementation of Save and Grow. To derive maximum benefit,
national development plans should be formulated in consultation with key
stakeholders, using participatory processes, in order to ensure their support
and commitment and to facilitate harmonized actions.

Promote policies that facilitate farmer adoption

of Save and Grow
Policymakers have a key role to play in creating the enabling environment for
sustainable crop production intensification. They need to support appropri-
ate research and extension, access to credit and input/output markets, and
capacity building for stakeholders throughout the maize, rice and wheat value
chains. They should create incentives for farmers to diversify their production
systems by strengthening markets for rotational crops and for animal and
forestry products®. Timely access to fertilizer is consistently found to have a
major positive impact on crop yields, while the availability of, and access to,
quality seeds of adapted varieties facilitates diversification .

Appropriate policies and investments can reduce the risk farmers may face
in the transition to Save and Grow'®. They include: tax breaks to financial
institutions that provide services in rural areas in support of sustainable
agriculture; agricultural insurance policies; social protection to mitigate risk
and strengthen resilience; payments for environmental services; and public
funding of agricultural research, development and extension'.
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The adoption of Save and Grow will have positive impacts on the environ-
ment that should be recognized and rewarded. Payments for environmental
services in agriculture are still relatively new, but considerable work has been
done on the topic in recent years. For example, China is linking resource-
conserving farming systems to funding for climate change mitigation. With
FAO's support, Viet Nam is developing funding strategies that would provide
payment for environmental services'.

Through institutional procurement programmes, governments can
improve the food and nutrition security of vulnerable groups, and integrate
smallholders into markets as suppliers. Thanks to management training,
bulk purchases of inputs and collective marketing, some smallholder farmers’
organizations in Kenya are able to compete with larger enterprises in tenders
for the supply of maize to the World Food Programme’®. Well-designed social
protection programmes can stimulate smallholder food production, creating
a ‘win-win’ situation for both consumers and producers': 0. For example,
Brazil purchased in 2013 some 270 0oo tonnes of food, from 95 ooo family
farmers, for free distribution to food insecure people and the country’s social
assistance network?!.

Policies may also need to address labour shortages in rural areas. Lifting
people out of poverty through agriculture also requires increased returns to
labour, not just higher yields. It is unlikely that farmers will adopt Save and
Grow practices if they do not provide returns that are competitive with those
in other sectors. A successful transition to Save and Grow will depend on
technologies and policies that strengthen the environmental, economic and
social pillars of sustainability, reduce risk and save labour3.

Countries may also need to review their current programmes of support
to agriculture with a view to eliminating ‘perverse subsidies’ that encourage
harmful practices — such as overuse of fertilizer, pesticide and water, and
deforestation that leads to further loss of biodiversity — and provide instead
incentives for the adoption of sustainable practices.

Increase investment in agriculture

The Food and Agriculture Organization has called for a new agricultural
investment strategy that focuses public resources, at all levels, on the
provision of public goods and encourages farmer investment in sustainable
intensification. Farmers are already the biggest investors in agriculture.
However, in the absence of good governance, appropriate incentives and
essential public goods, they do not invest enough and, often, do not invest
in sustainable production systems' 22,

Investment by governments and development partners, when properly
targeted at sustainably enhancing agricultural productivity and returns to
farmers, is an important means of promoting economic growth and poverty
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reduction, food and nutrition security, and environmental sustainability.
Investment in rural infrastructure, in credit services, in education, extension
and training, and in research and development specific to smallholder
agriculture, can help drive increases in food supply and improvements in
the efficiency of agricultural markets.

Investment is especially needed in roads, cold chains, processing,
packaging, storage and marketing, in order to reduce food losses and waste
amounting to an estimated one-third of global production. In the long term,
such investments would yield much higher returns — in terms of productivity
and economic growth — than other expenditures, such as input subsidies™.

Making the transition to Save and Grow may require significant invest-
ment by countries in building an enabling environment, and by farmers in
adopting practices that may take several years to realize positive returns.
With the acceleration of climate change, the need to adequately address
farmers’ increased exposure to risk calls for investment strategies that give
higher priority to risk management? 1014,

Establish and protect farmers’ rights to natural resources

The transition to Save and Grow also requires action to protect and
strengthen smallholders’ access to natural resources, especially land, water
and agrobiodiversity. Weak and unequal land tenure arrangements persist
in large parts of the world, and can lead to expropriation, displacement and
eviction?3. Clear tenure rights are necessary to promote equitable access to
productive resources as well as their sustainable management. Farmers will
adopt Save and Grow practices only if they can benefit, for a sufficiently long
period, from the increase in the value of natural capital’.

Often, farmers’ rights are poorly defined, overlapping or not formalized.
Improving the land and water rights of farmers — especially those of women,
who are increasingly the ones making production decisions — is a key incen-
tive to the adoption of sustainable crop production. Land tenure programmes
in many developing countries have focused on formalizing and privatizing
rights to land, with little regard for customary and collective systems of
tenure. Governments should give greater recognition to such systems, as
growing evidence indicates that, where they provide a degree of security,
they can also provide effective incentives for investment®.

Governments and their development partners should make use of the
Committee on World Food Security’s Voluntary guidelines on the responsible
governance of tenure of land, water, fisheries and forests in the context of national
Jfood security?*, as appropriate, in their policies and strategies to promote
sustainable crop production. The guidelines serve as an authoritative
reference for law-making and policy-setting related to access and tenure
rights. They provide investors and developers with clear indications on best
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practices, and provide civil society organizations with benchmarks that they
can use in their work on behalf of rural communities.

Other useful guidelines include Principles for responsible investment in
agriculture and food systems??, also developed by the Committee on World
Food Security, and Principles for responsible agricultural investment that
respects rights, livelihoods and resources?®, developed in 2009 by Fao, the
International Fund for Agricultural Development (IFAD), the United Nations
Conference on Trade and Development (UNcTAD) and the World Bank.

Access to and sustainable use of biodiversity is also essential to Save and
Grow. Farmers need access not only to a range of species for diversification
of their farming systems, but also to improved genetic resources within
species, in order to produce more with less and meet the challenges of climate
change. Countries should strengthen their programmes for the conservation
and sustainable use of biodiversity, join international instruments such as
the Convention on Biodiversity, the International Treaty on Plant Genetic
Resources for Food and Agriculture (IT-PGRFA) and the Commission on
Genetic Resources for Food and Agriculture, and collaborate closely with
the CGIAR centres.

Promote more efficient value chains and markets

Efficient value chains are vital to food security, poverty reduction and the
sustainability of food and agriculture systems. To be economically, socially
and environmentally sustainable, value chains need to create added value
and higher incomes, facilitate more equitable distribution of benefits, and
reduce ecological footprints throughout the chainZ.

Sustainable food value chains are built on collaboration among all
stakeholders, including smallholder farmers, agribusiness, governments and
civil society. Initially, food value chain development should focus mainly on
efficiency improvements — including reduction of post-harvest losses — that
lead to lower food prices and greater food availability, allowing households
to buy more food. Changing consumer demand then becomes a core driver
for innovation and value creation, leading to continuous improvement in the
food supply and increasing benefits to consumers?6.

Governments can support ‘inclusive business models’ through legal
frameworks that establish, for example, good practices in contract farming.
In the United Republic of Tanzania, where demand for rice is soaring,
smallholders and large private rice growers are collaborating through out-
grower schemes?’. However, reducing sub-Saharan Africa’s dependence on
imported rice requires improvements in quality as well as quantity. A recent
study found that Africa’s urban consumers are ‘willing to pay’ for a quality
upgrade of domestically produced rice through varietal improvements and
better processing?®.
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A legal and institutional environment that promotes and supports
cooperation among smallholder farmers would allow them to take advantage
of economies of scale in such activities as purchasing inputs and processing,
transporting and selling outputs’. The marketing of smallholder produce can
also be facilitated by certification schemes that reward producers who adopt
sustainable production systems.

Increase support to agricultural research and development

The locus of agricultural research and development has shifted from
the public to the national and multinational private sector. As private
investment increases, public investment in R&D has fallen in almost half of
the world’s low-income countries??. Private companies tend to concentrate on
commodities and short-term profit margins3? and, in many cases, to promote
technologies — such as chemical pest control — that rely on external inputs,
without regard for sustainability3'.

Longer-term public sector initiatives are needed in areas relating to
natural resources management, including research on soils, water, genetic
resources and sustainability3?. Many governments will need to maintain or
strengthen their capacity to conduct research. That may involve not only
investing in research facilities and equipment, but also ensuring that scientific
capacity is relevant and adequate to address the policy and technology needs
of agriculture, in general, and the smallholder sector in particular.

In most developing countries, research capacity is especially weak in areas
such as biotechnology, modelling and forecasting. The use of satellite remote
sensing and modern telecommunications is essential for making quick and
efficient responses to rapidly changing demands on agriculture and to the
mounting effects of climate change.

To generate technology options that are attractive to farmers, science-
based innovation needs to be built on farmers’ traditional knowledge.
Research should address the needs of marginal farming areas, and work
to benefit smallholders by increasing agricultural productivity and natural
resources conservation, and by helping to diversify cereal farming systems
to higher value products.

Research must be linked more closely with extension and other sources
of knowledge. Strengthening deployment and implementation capacity will
support the further development of Save and Grow farming systems and
their adoption by small-scale farmers. International agricultural research
organizations, as well as funding agencies, have an important role in support-
ing those national efforts.
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Promote technological innovation

Smallholder cereal growers are at the forefront of efforts to ensure
food and nutritional security from household to global levels. They will
need access to the full range of technologies required for sustainable crop
production intensification. For example:

Mechanization. Conservation agriculture (ca) requires implements and
machinery suited to all technology levels. In Brazil, a flourishing domestic
industry produces ca equipment suited to different soils, climates and farm-
ing systems32. Some of those technologies have been transferred to Africa
and Asia, where local manufacturers produce manual and animal traction
zero-tillage planters and tractor-drawn direct-seeding equipment33 34,
Governments need to adopt strategies for upscaling conservation agriculture
and other sustainable practices, identifying clear roles for the private sector
in manufacturing, distribution, servicing and repair and for the public sector
in research, capacity building and support to business development33:36.

New crops and varieties. Accelerated development of improved crop varieties
is critical to meeting future challenges, especially for smallholder farmers.
Crop diversity underpins diversification of their farming systems and
contributes to greater resilience to climate change and other stresses. New
approaches to plant breeding, such as molecular markers, could improve
cereal yields, nutrient content, and pest and disease resistance, and reduce
the time needed for the development and release of new varieties®”. Higher
yielding maize hybrids are of growing importance in smallholder farming
systems and hybrid rice and wheat could become more common. Crop breed-
ing should address genetic improvement of the components of intercropping
systems and the nutritional quality of cereal plant residues that are used to
feed livestock. Support to on-farm conservation and enhancement of farmers’
varieties is crucial.

Improved water-use efficiency. Major producers of irrigated maize, rice and
wheat either do not have, or soon will not have, access to enough water to
maintain per capita food production. The use of more water-efficient crop
varieties, the adoption of water-conserving practices, such as zero-tillage and
cover crops, and increased investment in water-efficient technologies, such
as land levelling, drip irrigation and rainwater harvesting, will be critical for
production under climate change. Cultivation of rice and wheat on irrigated
raised beds has significantly improved water-use efficiency and boosted
yields in Egypt, India and Mexico. Raised-bed systems also enhance water
productivity, with big yield gains, in rainfed maize production. Improved
irrigation technologies will work best when water is valued and priced
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appropriately38. Smallholders’ rights to water, as well as land, need to be
protected.

Innovative fertilizers. There has been virtually no investment in fertilizer
research and development over the past five decades. Taking plant physi-
ological and soil processes, rather than chemistry, as a starting point, the
redesign of ‘packaging’ and ‘delivery’ nutrients can result in rapid nutrient
uptake by plants. Innovative fertilizers — targeted at feeding crops, rather
than the soil — would provide multiple benefits, including higher content of
multiple nutrients in cereals, the restoration of soil fertility, and increased
system resilience and sustainability. Improvements in nitrogen fertilizer
would safeguard ecosystem health by reducing emissions of nitrous oxide
to the environment3?.

Integrated pest management. Because insect pests, weeds and diseases evolve
and are easily carried to new locations, meeting the emerging challenges to
cereal production requires continuous development of 1PMm technologies.
Some recent innovations include: breeding to restore the natural pest-
repellent capacity of maize root systems; a biopesticide derived from seeds
of the neem tree that eliminates brown planthoppers on rice crops; and
fungi and nematodes that are highly effective against wheat stem sawfly3140,
Innovation in 1PM requires strong policy support and the active participation
of farmers through farmer field schools.

Improved post-harvest management. Post-harvest grain losses to pests and
rodents are high in smallholder production systems. In humid climates,
drying facilities are particularly important to control the risk of fungal
diseases*l. Analysis of traditional post-harvest systems can identify gaps
and provide appropriate solutions. In Afghanistan, replacing clay silos with
metal silos for grain storage has helped some 76 ooo farmers reduce losses
from 20 percent of the harvest to less than 2 percent“2. In Africa, FAo has
promoted grain storage management — including simple ways measuring
moisture content, and non-chemical control of pests and diseases — adapted
to the needs of small farmers affected by droughts and floods“3.

New generation technologies. A smartphone-based ‘rice crop manager’ devel-
oped by IRRI calculates crop and nutrient management recommendations
based on local conditions and sends them to the farmer via SMS. The recom-
mendations have increased per hectare yields by an average of 0.4 tonnes
and income by Uss$100““. The widespread diffusion of mobile phones in
sub-Saharan Africa offers similar opportunities for linking researchers and
farmers, as well as farmers and markets. Other innovations now available
to smallholders are relatively low-cost, especially when provided through
cooperatives or hiring services. They include laser-assisted land-levelling,
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leaf colour charts to help time mineral fertilizer applications, and electronic
sensors that detect plant nitrogen deficits and nutrient levels in cereal
residues. Before being recommended, however, proposed innovations should
be assessed for their likely social, economic and environmental impacts.

Improve communication with farmers

and help build their capacities
Much less is known about agro-ecological and resource-conserving technolo-
gies than about the use of external inputs in intensive crop productions.
The lack of information on ecosystem-based approaches, and on the need
to adapt them to specific agro-ecological and socio-economic conditions, is
a major barrier to the successful upscaling of Save and Grow.

Sustainable crop production intensification is generally more knowledge
and management intensive. It is important, therefore, to support farmers in
strengthening their capacities to understand ecosystem functions and to
build on their traditional knowledge in order to identify and adapt appropri-
ate practices and technologies.

Agricultural extension, training and education need to place far greater
emphasis on integrated production systems. This change needs to occur at
all levels of learning to ensure that all stakeholders are better informed and
more knowledgeable about the principles of sustainable crop production and
its practical application through Save and Grow.

Advisory services to support Save and Grow will need to collaborate
closely with farmer organizations and networks, and in public-private
partnerships. Participatory methodologies can help producers and their
advisers to share their experiences, knowledge and skills in farming systems
management. Farmer field schools, for example, provide a platform for
experimentation and farmer-to-farmer communication and exchange. Since
women are the mainstay of agriculture in many countries, they should be
placed at the centre of training and extension efforts, and supported in
meeting their broader needs for gender equity, sustainable livelihoods and
access to resources.

Support to capacity building, education and training should be seen as
part of a broader effort to develop social capital — i.e. the value generated by
social bonds, rules, norms and sanctions that gives farming communities
the confidence to invest in collective activities, and makes them less likely to
engage in unfettered private actions with negative outcomes, such as natural
resource degradation“t. For example, because 1pm is knowledge-intensive,
farmer field schools and other participatory forms of knowledge-sharing help
to build social capital, as well as human and natural capital3'.
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Strengthen seed systems

Save and Grow farming systems need varieties that are higher yielding,
more resilient and better adapted to ecosystem-based production practices,
and make more efficient use of inputs. Ensuring smallholder farmers’ access
to the quality seed of improved varieties requires action to strengthen
national seed systems.

In many developing countries, seed systems are either non-existent or
ineffective, owing to weak regulatory frameworks, lack of funding and limited
technical and managerial capacity. While seed supply is sometimes regarded
as a private sector activity, the private sector often produces and sells only
the seed of crops and varieties that allow it to maximize profits, and ignores
many crops and varieties critical to food security and to the productivity and
sustainability of smallholder agriculture.

National seed systems need to be strengthened through capacity build-
ing, fast-track variety release, accelerated seed multiplication and support
to on-farm seed conservation and community seed banks. Action is also
needed to strengthen public capacity, encourage private sector investment
and involve civil society organizations and farmers in the formulation and
implementation of national seed policy>“’.

In the wheat seed sector, mechanisms to increase the rate of seed produc-
tion could include pre-release and off-season seed multiplication of early
generations, where feasible. Without such efficiency gains, the dominance
of vulnerable ‘mega-varieties’ will be exacerbated“®. The same approaches
would also be effective for rice.

The seed of maize hybrids is normally produced and marketed by the
private sector, and the seed of the open-pollinated varieties by NGos and
community-based organizations. Some innovative public-private partner-
ships have been pioneered by Brazil, China and CiMMYT. They involve the
provision of improved maize lines to the private sector for the production
and marketing of hybrid seed, in exchange for funding or other research
support. However, no effective collaboration is in place for the production
and marketing of seed of open-pollinated varieties of maize, which are grown
largely by smallholders.

Participatory approaches that recognize the potential of the informal
seed sector, and the important role of women within it, can strengthen the
seed systems for all three crops. In sub-Saharan Africa, community-based
seed producers — many of them run by women — are multiplying quality
seed of maize varieties; in West Africa they produce up to 20 tonnes of seed
annually. Upscaling the approach will be an important step towards seed
self-sufficiency in under-serviced rural areas.
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* For example: the Inter-
American Institute for
Cooperation on Agriculture
(IICA) and the Regional
Fund for Agricultural
Technology (FONTAGRO)
in Latin America; the
Asia-Pacific Association

of Agricultural Research
Institutions (APA ARI); the
New Partnership for Africa’s
Development (NEPAD), the
Association for Strengthening
Agricultural Research

in Eastern and Central
Africa (ASARECA), the
Southern African Centre for
Cooperation in Agricultural
Research (SACCAR) and the
West and Central African
Council for Agricultural
Research and Development
(CORAF).

1 Work with international organizations, instruments

and mechanisms
Countries should make use of global, regional and sub-regional organiza-
tions, instruments and mechanisms for the efficient implementation of Save
and Grow. The Food and Agriculture Organization has unique expertise
and extensive experience in supporting countries in the development of
policies, strategies and technologies for the sustainable intensification of
cereal production. It hosts international instruments, such as the IT-PGRFa,
the International Plant Protection Convention, the Rotterdam Convention
and the Committee on World Food Security, which provide opportunities
for countries to share experiences and build collaboration.

Other global organizations that influence maize, rice and wheat include
several CGIAR centres, IAEA, OECD, UNCTAD, the United Nations Department
of Economic and Social Affairs, the United Nations Environment Programme
and the World Bank. Many regional and sub-regional organizations* also
offer valuable support to sustainable agricultural development through
the provision of technologies, capacity-building, enhanced information
exchange and the facilitation of trade. A number of developing countries
have considerable experience in the implementation of sustainable food and
agriculture, offering opportunities for enhanced South-South cooperation.

There is no single blueprint for Save and Grow and its ecosystem-based
approach to crop production intensification. No magic seeds or technologies
exist that will improve the social, economic and environmental performance
of cereal production across all landscapes, in all regions. Save and Grow
represents a major shift from a homogenous model of crop production
to knowledge-intensive, often location-specific, farming systems. That is
why its application requires time, increased support to farmers and firm
commitment to strengthening national programmes?:1°.

The widespread adoption of Save and Grow requires concerted action
at all levels, with the active participation of governments, international
organizations, civil society and the private sector. The challenge is enormous,
but so, too, will be the rewards. Save and Grow will help drive the global
transition to sustainable food and agriculture, and help to build the hunger-
free world we all want.
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Abiotic stress. Negative effect of
non-living factors (e.g. extreme
temperatures)

Biological nitrogen fixation.
Conversion of atmospheric
nitrogen (e.g. by bacteria in
legume root nodules) into plant-
usable form

Biomass. Biological material
derived from living organisms,
usually not used for food or feed

Biotic stress. Negative effect of
living factors (e.g. insects)

Conservation agriculture (CA).
Farming approach that protects
soil structure, composition and
biodiversity through minimal soil
disturbance, permanent surface
cover and crop rotation

Cover crop. Crop grown during
fallow periods to protect soil,
recycle nutrients and control
weeds

Crop residues. Plant parts
remaining after a crop has been
harvested

Crop rotation. Alternating species
or families of crops in the same
field

Direct-seeding. Sowing seed
without prior ploughing or hoeing
of the seedbed

Drill-seeding. Sowing seed in
rows at optimal distance and
depth, using a seed drill

Dry-seeding. Sowing seed into
dry soil

Ecosystem services. Benefits
from ecosystems that sustain
life

Fallow (also fallow rotation).
Stage in crop rotation in which
the land is deliberately not used
to grow a crop

Farmer field school. Group
learning of ecosystem-
based practices that reduce
pesticide use and improve the
sustainability of crop yields

Glossary

Flooded (or paddy) rice.
Rice grown on land that is
flooded before puddling, then
continuously flooded until crop
maturity

Forage legume. Grassy or tree
legume that provides leaves and
stems for grazing or use in silage.

Grain legume. Legume (e.g. beans)
that produces seeds used as food

Green manure. A crop (e.g. grass)
that produces residues that
serve as mulch

Intercropping. Growing two or
more crops in the same field at
the same time

Integrated pest management
(IPM). Strategy that promotes
pest control with minimal use of
chemicals

Laser-assisted land levelling.
Eliminating undulations on
the soil surface using a laser
transmitter and a receiver
mounted on a tractor with a
levelling blade

Legume. Plant of the Fabaceae (or
Leguminosae) family

Mulch. Layer of organic material
(e.g. crop residues) used to cover
the soilin order to conserve
moisture, suppress weeds and
recycle soil nutrients

Mineral fertilizer. Fertilizer made
through chemical and industrial
processes

Monocropping (or
monoculture). Cultivation
of asingle crop on the same
land, year after year, using
agrochemicals to control pests
and fertilize soil

Nitrous oxide. Major greenhouse
gas produced mainly in
agricultural soils and linked
to excessive use of mineral
fertilizer

Permanent raised beds. Raised
beds that are drill-seeded
through a mulch of crop residues

Pulse. Grain legume (e.g. lentil)
harvested for its dry seed

Puddling (rice). The tilling of
flooded soil in order to create a
muddy layer before seedlings are
transplanted

Raised beds. Soil formed into
beds approximately 50 cm to 2.5
m wide, of any length and from 15
cmin height

Relay cropping. Planting a second
crop in a field before the first has
been harvested

Save and Grow. FAQ's model of
sustainable crop production
intensification

Soil organic matter. All organic
materials found in soil

Soil structure. The arrangement
of individual particles of sand,
silt and clay in soil

Sustainable intensification.
Maximization of primary
production per unit of input
without compromising the ability
of the system to sustain its
productive capacity

Sustainable crop production
intensification. Ecosystem-
based farming that produces
more from the same area of
land while conserving natural
resources and enhancing
ecosystem services

Seed-drill. Machine used in
conservation agriculture to
position seeds at equal distances
and proper depth, and cover them
with soil

Water productivity. The amount
or value of product over volume
or value of water depleted or
diverted

Water-use efficiency. The
ratio of water used by plant
metabolism to water lost to the
atmosphere

Zero-tillage. The conservation

agriculture practice of drill-
seeding with no prior tillage
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