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Conservation agriculture for the dry-land areas of the Yellow River
basin: Increasing the productivity, sustainability, equity and water use
efficiency of dry-land agriculture, while protecting downstream water

users.

Brief title: Yellow River rainfed conservation agriculture.

Executive summary

This project seeks US$ 1,518,444 over four years from the CPWF to develop and foster
the adoption of conservation agriculture practices in China’s Yellow River Basin.

Soil erosion is a major problem in the Yellow River Basin: the river is one of the most
sediment laden in the world. Although the areas targeted by the WFCP are not the most
prone to erosion, the more sloping areas where rainfed crops are grown, do demonstrate
often alarming levels of soil loss, both due to water and to wind erosion. Although there
is a rainfall gradient from 750 mm in southern Shandong, to 200mm per year in northern
Ningxia, most of the rainfed cropping area is in regions with more than 400 mm per year.
The proposed project will concentrate in these areas.

Conservation agriculture (featuring reduced or zero tillage, mulch retention, crop
rotations and cover crops) offers a possible solution. Conservation agriculture systems
typically result in increased crop water availability and agroecosystem productivity,
reduced soil erosion, increased soil organic matter and nutrient availability, reduced labor
and fuel use and increased biological control of pests. Today, conservation agriculture
systems cover more than 70 million hectares worldwide, including important areas in
Brazil, India, Pakistan and Ghana where these practices are used by smallholders.

Several advances with zero tillage and conservation agriculture have been made in recent
years in the northern Provinces of China. However, most, but not all, of these projects
have been in irrigated areas. Experiences with zero tillage in Shaanxi, Shanxi, Hebei and
Inner Mongolia have been positive. It is in the light of these results and the considerable
benefits observed by small farmers in other regions of the world that the project aims to
help farmers adapt conservation agriculture to the rainfed production areas of the Yellow
River Basin.

The project goal is to improve the incomes and livelihoods of smallholder farm families
in the rainfed cropping areas of Henan, Inner Mongolia, Ningxia and Shandong while
simultaneously improving soil quality and reducing land degradation and soil erosion that
threaten system sustainability. Specific objectives include fostering farm family adoption
of conservation agriculture practices through participatory research, farmer
experimentation and farmer-to-farmer interaction and extension; assessing the
(biophysical, social and economic) consequences of conservation agriculture adoption;
encouraging a policy environment that does not discriminate against conservation
agriculture; and strengthening the capacity of local partners. Project partners include two
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international Centers (CIMMYT and IWMI) and several NARES institutions. Project
beneficiaries are expected to include farm families; downstream water users; researchers
and extension workers; and future generations.

Participating Institutions:

1.

Name: International Maize and Wheat Improvement Center —- CIMMYT Int.
Postal Address: Apdo Postal 6-641, 06600 Mexico, D.F., Mexico

E-mail address: CIMMYT @cgiar.org

Type of Organization: CGIAR Center

2.

Name: International Water Management Institute - IWMI

Postal Address: 127, Sunil Mawatha, Pelawatte, Battaramula, Sri Lanka
E-mail: iwmi@cgiar.org

Type of Organization: CGIAR Center

3.

Name: Agrometeorology Institute, Chinese Academy Of Agricultural Sciences (Recently
renamed the Institute of Agricultural Environment and Sustainable Development.
However, seals and letterheads have not changed yet).

Postal Address: No. 12 Zhongguancun South Street, Haidian District, Beijing 100081, P.
R. China

E-mail: via yancr@cjac.org.cn

Type of Organization: NARES

4.

Name: Center for Chinese Agricultural Policy, Chinese Academy of Sciences
Postal Address: Building 917, Datun Road, Anwai, Beijing 100101, China
E-mail: ccap@public3.bta.net.cn

Type of Organization: NARES

5.

Name: Department of Agricultural Engineering, China Agricultural University
Postal Address: 17 Qinghua Donglu, Haidian District, Beijing 100083, P. R. China
E-mail: via ghwbgs@bjaeu.edu.cn

Type of Organization: NARES

6.

Name: Institute of Soil and Water Conservation, Chinese Academy of Science
Postal Address: 26 Xinong Road, Yangling, Shaanxi 712100, P. R. China
E-mail:

Type of Organization: NARES

7.
Name: Institute of Wheat Research, Henan Academy of Agricultural Science



Postal Address: No. 1 Agricultural Road, Zhengzhou City, Henan Province 450002, P. R.
China

E-mail: via gaipingzhang @hotmail.com

Type of Organization: NARES

8.

Name: Inner Mongolia Agricultural University

Postal Address: 306 Zhao Wu Da Road, Huhhot, Inner Mongolia 010018, P. R. China
E-mail: ndwaiban@imau.edu.cn

Type of Organization: NARES

9.

Name: Ningxia Academy of Agricultural and Forestry Sciences

Postal Address: Technology Development Zone, Yinchuan City, Ningxia Hui
Autonomous Region 750002, P. R. China

E-mail: via cxyangnx @yahoo.com.cn

Type of Organization: NARES

10.

Name: Shandong Academy of Agricultural Sciences
Postal Address: Gongye Beilu, Jinan, 250100, P. R. China
E-mail: via liuhj@saas.ac.cn

Type of Organization: NARES

Project leader (PL)

Name: 1. Rodomiro Ortiz (as liaison with CPWFl)
Professional discipline: 1. Biologist

Institution: CIMMYT

Title: Dr.

Principal investigators - (PIs)

1. Name: Yan Changrong
Professional discipline: Agronomist
Institution: Agrometeorology Institute, CAAS. (Institute of Agricultural Environment
and Sustainable Development)
Title: Dr.

2. Name: Gao Huanwen
Professional discipline: Agricultural engineer and agronomist
Institution: Chinese Agricultural University
Title: Dr., Professor.

3. Name: Erika Meng

"Ken Sayre (CIMMYT) will assist on tech matters during the time Rodomiro Ortiz (CIMMYT) acts as PL.
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Professional discipline: Socio-economist
Institution: CIMMYT
Title: Dr.

4. Name: Ken Sayre
Professional discipline: Agronomist
Institution: CIMMYT
Title: Dr.

5. Name: Jingxia Wang
Professional discipline: Agricultural economist
Institution: Center for Chinese Agricultural Policy (CCAP), Chinese Academy of
Sciences (CAS)
Title: Dr., Associate Professor

6. Name: Mu Xingmin
Professional discipline: Agronomist, Soil erosion specialist
Institution: Institute of Soil and Water Conservation, Chinese Academy of Sciences
Title: Dr.

7. Name: Zhongping Zhu
Professional discipline: Water resources engineer
Institution: IWMI
Title: Dr.

8. Name: He Zonghu
Professional discipline: Crop breeder
Institution: CIMMYT
Title: Dr

9. Name: Ju Hui
Professional discipline: Agronomist and crop modeler
Institution: Agricultural Environment and Sustainable Development Institute, Chinese

Academy of Agriculture Science
Title: Dr.

Other important investigators:

Dr. Wang Fahong, Shandong Academy of Agricultural Sciences. Agronomist.
Dr. Zheng Fei, Henan Academy of Agricultural Sciences, Agronomist.

Prof. Yuan Hanmin, Ningxia Academy of Agriculture and Forestry Science.
Prof. Liu Jinghui, Inner Mongolia Agricultural University.

Dr. David Hodson, CIMMYT. GIS specialist.

Dr. Pat Wall, CIMMYT. Agronomist.

Dr. Mauricio Bellon, CIMMYT. Farmer participatory research.



Budget requested from CP (in USS$): US$ 1,518,444
Budget offered as matching funds (in USS$) : US$ 644,676
Total budget (in US$): US$ 2,163,120
Duration of project: 4 years

Coverage of basins: Yellow River basin

Coverage of themes

Crop Water Productivity Improvement (Theme 1) 60%
Multiple Use of Upper Catchments (Theme 2) 25%
Aquatic Ecosystems and Fisheries (Theme 3) 0%
Integrated Basin Water Management Systems (Theme 4) 10%
Global and National Food and Water System (Theme 5) 5%

Background and justification

The rainfed agricultural areas of the provinces of Ningxia, Inner Mongolia, Henan and
Shandong share many similarities despite the many differences in climatic factors,
cropping patterns, infrastructure, and income levels that also characterize these regions.
While part of the targeted region is situated on the highly erodible Loess Plateau, others
are on sedimentary deposits. Rainfall varies from approximately 750 mm per year in
southeastern Shandong to 200 mm in northern Ningxia. Most of the rainfed agricultural
areas are found in zones that receive at least 400 mm of annual rainfall. However,
rainfall use efficiency is generally quite low throughout the region. The reasons for poor
efficiency vary somewhat with soil type: in the loess areas it is largely due to high
evaporation rates from the soil, whereas in the areas of alluvial deposits, low soil water
infiltration rates are a major limiting factor, leading also to significant water run-off and
sol erosion.

Soil erosion has long been recognized as a severe problem in the Yellow River basin. The
Yellow River is the most sediment-laden river in the world with most of the sediment
originating in the thick loess deposits of Shaanxi and Shanxi Provinces, outside the
geographic scope of this project. Nevertheless, soil erosion, both by wind and water, in
the basin as a whole removes the most fertile topsoil and compound water and air
pollution problems. These processes are particularly marked in the drier and more sloping
lands associated with rainfed agriculture.

Dryland area accounts for almost 6.6 million hectares or approximately 57% of the
cultivated land in the Yellow River Basin (YRB), although definitions of “dryland” in
China also include areas that have some supplemental irrigation. Using the official
poverty definition of per capita income less than US$625 a year, the average incidence of
poverty in the YRB overall has been estimated at 11.8%. While official data on poverty



incidence in the rainfed areas alone does not exist, research findings suggest an incidence
at least 5% higher than the basin average (CCAP unpublished, 2003). Not only are off-
farm income opportunities frequently not available to agricultural households in many of
the YRB rainfed areas, but crop diversification opportunities are largely limited by
agroecological conditions. Agriculture is generally the predominant source of income for
households in this region, and, therefore, successful means of increasing agricultural
system productivity and water use efficiency of agriculture will contribute to the
improvement of farmer livelihoods.

Crop residues cover on the soil surface has numerous advantages: surface soil structure,
and therefore water infiltration rate, is maintained and evaporation reduced; drought is
mitigated; soil biological activity is increased as there is a permanent substrate for soil
fauna and flora; biological pest control is enhanced; and soil organic matter, the motor
behind soil physical, chemical and biological fertility, gradually increases over time (e.g.
Six et al., 2002). Surface residues also efficiently reduce soil erosion, both by wind, due
to the protective cover and wind impedance, and by water, due to the improved
infiltration rate and reductions in water run-off velocity. Moreover, the reduction in soil
tillage associated with residue retention (optimally zero tillage), reduces labor inputs,
benefiting especially women and children, and creates the potential for more
diversification possibilities in the farm enterprise.

The adoption of conservation agriculture brings benefits not only to the farm family in
terms of increased livelihoods, reduced risk, reduced labor requirements and the
possibility of the diversification, but also to other members of society. Downstream water
users benefit from decreased sediment load in waterways, and more even stream flow
when fed by a greater proportion of ground-water and less surface run-off. City dwellers
benefit from decreased wind erosion: dust clouds from the more arid western regions
have become an important problem in China, reaching as far east as Beijing. Increases in
soil organic matter, attributable to the omission of tillage, surface residue retention and
increased biological activity, imply the sequestration of carbon in the soil, and a
reduction in carbon dioxide emissions. A 60-70% reduction in fuel use for crop
production, in areas with mechanized traction, further reduces green-house gas emission.
As agriculture accounts for 20-25% of the worlds CO2 emissions, conservation
agriculture can play an important role in the mitigation of global warming.

Zero tillage agriculture has already proved viable and profitable to farmers in Shanxi,
Hebei, Sichuan and parts of Inner Mongolia, especially in fully or partially irrigated
areas. There is little published information from these projects, but correspondence with
some of the researchers involved has revealed benefits in water use efficiency, weed
control and, in many instances, in crop productivity (J. Tullberg, C. Chang — personal
communication).

The principles of conservation agriculture, comprising reduced or zero tillage, residue
retention and crop rotation, have extremely wide applicability and have been adopted on
more than 70 million hectares worldwide. They are used in areas with as low as 200 mm
of annual precipitation and with as much as 2500 mm per year; on soils with up to 85%
clay and on soils with more than 90% sand. However, even though the principles are
widely adapted, the specific techniques and technologies required to apply them are very



site specific: some farmers in Brazil even change their management practices between
different adjacent fields.

The present project aims to extend the use of conservation agriculture to pilot areas in the
rainfed cropping areas of the Yellow River basin. The project will promote the
development of innovation networks focusing on the efforts and experiences of
innovative farmers, farmer experimentation with the proposed technologies, and farmer-
to-farmer extension and dissemination. In this way the project proposes to initiate a
process of spontaneous adoption, as has happened in regions of small farmers in Brazil,
India, Pakistan and Ghana. As conservation agriculture involves a complete change in
the agricultural system, and a change away from the paradigm of the plough and
aggressive tillage, it is the initial adoption that may be slow and difficult. Once a few
innovative farmers have adopted the system, the evident benefits have led to an explosion
of adoption in other small-farm areas: in the Indo-Gangetic Plains less than 100 ha in
1997 has grown to 500,000 ha of zero-tillage wheat in 2003. The expected widespread
adoption of conservation agriculture in the rainfed areas of the YRB, in all probability
after the end of the project, will attain the project goal of increasing farm family
livelihoods through improved productivity, profitability and sustainability of agriculture
in these areas, while at the same time reducing the downstream effects of soil
degradation, especially soil erosion.

The project will focus on the areas of the four Provinces targeted by the Water and Food
Challenge Program that receive, on average, more than 400 mm per year of rainfall.
Although conservation agriculture may well prove successful in the drier areas, the
project team feels that it will be more advantageous to first adapt conservation agriculture
to the “wetter” areas, and, once adoption has begun, then concentrate on extending it to
the drier areas. The project will establish sites with two pilot communities in each of the
four Provinces (Henan, Shandong, Ningxia and Inner Mongolia). All provinces have
rainfed agricultural areas with more than 400 mm/yr rainfall. Aided by Geographic
Information Systems and Participatory Rural Appraisal techniques, the project will
endeavor to locate the eight communities so that they represent a gradient in rainfall from
the nearly 700 mm of Henan to the 400 mm/year areas of southern Inner Mongolia and
Ningxia.

Goal

Contribute to poverty alleviation by improving the livelihoods, system productivity and
the sustainability of agricultural production of farm households in the poorer, rainfed
areas of the Yellow River basin, through the development and dissemination of
conservation agriculture management systems that increase rainfall use efficiency, crop
and labor productivity, and reduce soil erosion by wind and water.



Specific objectives

1. Foster farm family adoption of conservation agriculture practices based on zerQ
tillage, direct seeding, residue retention and crop rotation in four villages of the
Yellow River basin, representing a rainfall gradient.

2. Assess the consequences of the adoption of conservation agriculture practices on
system productivity, income, livelihoods, equity, resource quality, water use, and soil
erosion at the field, watershed and river basin levels.

3. Encourage the development of a policy environment that does not discriminate
against conservation agriculture practices, and of input, equipment and rental markets
needed to make conservation agriculture practices generally accessible.

4. Strengthen the capacity of local partners to conduct collaborative research and
development on conservation agriculture in a partnership mode with multiple
stakeholders.

Activities and methodology

Output 1. Appropriate conservation agriculture systems for smallholder farmers
that improve agroecosystem productivity by at least 20% and conserve
soil and water resources developed and adapted in the rainfed areas of
the Provinces of Shandong, Henan, Ningxia and Inner Mongolia.

1.1. Available information, including soil and topography maps, relevant literature and

past research results compiled and revised.

1.2. Major recommendation domains characterized and major limitations to farm
productivity in representative target populations and communities identified by
diagnostic surveys and/or rapid rural appraisal.

1.3. One representative community in each of the four Provinces along a precipitation
gradient identified by project personnel and other stakeholders, and the
interventions to be undertaken in these communities defined. This will be achieved
in a project initiation workshop.

1.4. Medium-term (4-year) trials comparing conservation agriculture and conventional
practices established and managed in the four target communities. Data acquisition
from these trials will permit the analysis of the short and medium-term benefits of
conservation agriculture on system productivity, profitability and sustainability.

1.5. Component technology research trials established and managed in the four
communities. Successful technologies generated (including, but not restricted to,
weed control methodologies, nutrient management strategies, crop varieties,
alternative crops, especially legume grain crops and green manure cover crops) will
be incorporated into the medium-term trials.

Output 2. Initial farmer adoption of zero tillage with residue retention attained in
each of the four Provinces.
2.1. Researchers and extension agents trained in farmer participatory research and the
management of farmer experimentation.



2.2. Farmer experimentation with conservation agriculture systems and component
technologies fostered, monitored, evaluated and supported in the four target
communities.

2.3. Observation and study tours of farmer experiments and research trials conducted in
all years, with the participation of farmers, researchers and extension agents.
Farmers from other communities within the same recommendation domain,
identified by site similarity analysis, will be prioritized in the study tours.

2.4. Farmer experimentation with conservation agriculture in communities other than
the target communities, stimulated by farmer-to-farmer interchange, will be
promoted, supported, monitored and evaluated.

2.5. Community discussion groups on the implications of conservation agriculture
promoted and facilitated.

Output 3. The effects of conservation agriculture practices on system productivity

and water use efficiency, soil degradation and erosion quantified.

3.1. The dynamics of soil fertility (chemical, physical and biological), soil moisture,
water run-off, wind and water erosion monitored under contrasting soil and system
management strategies in the four communities.

3.2. GIS database of the rainfed agriculture areas of the four Provinces developed in
collaboration with other projects and programs, utilizing multiple data sources.
Geo-referenced research data will be incorporated into the database to permit site-
similarity and scaling up of results.

3.3. Existing crop and system simulation models validated using data from the research
in the four communities and used to aid the development of decision support tools
for farmers and scientists and to simulate results for other rainfed areas of the
Yellow River basin.

Output 4. Farmer decision guides on the use of crop residues for ground cover and
feed, based on farm family evaluations, research data and crop and
system simulation model outputs developed and disseminated.

4.1. Crop and system simulation models utilized to predict the long-term effects of

different levels of residue retention on system productivity, utilizing field trial data.

4.2. Farm family appreciations of the relative benefits of the utilization of crop residues

for ground cover and alternate uses sought, recorded and evaluated.

4.3. Decision support tools to adequately balance residue removal levels, system

productivity and sustainability developed with the farming community, taking into
account trial data, model predictions and farm family evaluations.

Output 5. Local production of adapted zero tillage seeding equipment initiated in

each of the four provinces.

5.1. Direct seeding equipment for zero tillage applications adapted to different sources
of traction be acquired and subjected to an iterative process of farmer participatory
evaluation, modification and re-evaluation.

5.2. Local machine-shop proprietors involved in farmer experiments with locally
produced and adapted equipment, and local manufacture of appropriate zero tillage
seeders promoted and stimulated.
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Output 6. The consequences of the adoption of conservation agriculture practices on

income, livelihoods, and gender and generational equity assessed.

6.1. A baseline socioeconomic study conducted in the target communities at the
beginning of the project.

6.2. The impacts of the recommended and adopted technologies on the livelihoods,
household labor inputs, productivity, and income of farm families evaluated and
monitored throughout the project.

6.3. Crop and system simulation models utilized to assess the risk and variability in farm
productivity associated with common farmer practices and emerging technologies.

Output 7. Links established with other projects working at the watershed and basin
level, data and information shared and used to scale up the plot level
effects of conservation agriculture on water savings, run-off and soil
erosion.

7.1. Geo-referenced site descriptions and field results, and simulation model outcomes
linked to watershed and basin level models to estimate effects of progressive
adoption of conservation agriculture technologies on the scale and impact of basin-
wide soil erosion and water run-off levels.

Output 8. Policy actions that encourage the equitable adoption of conservation

technologies analyzed and proposed.

8.1. Effects of public policy on the adoption of conservation agriculture practices
assessed throughout the duration of the project by farm family dialogue and
community discussion groups.

8.2. Prospective policy interventions and adjustments that will stimulate, or remove
impediments to, the adoption of conservation agriculture practices analyzed and
defined with farmers and both biophysical and socioeconomic scientists.

8.3. Workshop involving leading farmers, project biophysical and socioeconomic,
research and extension directors and state and central policy makers held to
promote project results and policy adjustments that do not hinder the adoption of
conservation agriculture.

Output 9. Capacity of national research program and Center scientists to
successfully participate in innovation systems and engage in participatory
research, development, and dissemination of conservation agriculture
technologies enhanced.

9.1. Linkages established with provincial extension agencies and other projects working
on the development and extension of similar technologies or technological
components.

9.2. A short course for researchers and extension agents on the principles and practice of
conservation agriculture under rainfed conditions held in each of the provinces
targeted by the project.

9.3. Two national researchers sponsored to participate in short (+ 6-week) courses
outside China on conservation agriculture for small farmers under rainfed
conditions.
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9.4. A study tour to observe conservation agriculture in other regions of China
conducted during the second year of the project, incorporating the principal project
researchers, key extension agents and leading farmers.

9.5. One outstanding young professional will study for a doctorate degree in association
with, and receiving a scholarship from, the project.

Output 10. Effective strategy for efficient internal monitoring, evaluation and

coordination of the project established.

10.1. Project coordinators, together with all Provincial agronomists, visit the field work
in each Province at least once each season to assess advances and problems, and to
effectively link work in the four communities.

10.2. Workshops involving project team members and other stakeholders held annually to
present results, plan for the following year, and to adjust, where necessary, project
activities.

10.3. Annual reports of the results and their interpretation produced each year in each
Province, and these synthesized in a project annual report and a final project report.

10.4. External monitoring and evaluation teams hosted and encouraged to provide
constructive orientation to the project.

Output 11. Results from the project publicized locally, regionally, nationally, and

internationally through appropriate methods.

11.1. Bulletins on zero tillage and associated technologies, progressively incorporating
local results and farmers’ evaluation of the technologies produced and
disseminated.

11.2. Technical bulletins on conservation agriculture practices, their benefits and their
management, produced and distributed to researchers and extension agents.

11.3. Three project investigators will participate in the III World Congress on
Conservation Agriculture in 2005, and three others will present project results at the
IV World Congress in 2007.

11.4. All major results and impacts presented at a national Conference hosted by the
project in the final year.

11.5. At least five peer-reviewed articles published in international scientific journals.

Roles of project researchers and institutions

CIMMYT has been involved in catalyzing innovation networks that have spurred the
adoption of zero tillage in other parts of the world, notably in Bolivia and the Indo-
Gangetic plains. The Center’s agronomists (particularly Dr. Ken Sayre) will bring a
synthesis of the lessons learned in these past experiences to bring to bear on the complex
biophysical and socio-economic circumstances of the farmers of the rainfed production
zones of the Yellow River Basin. CIMMYT staff brings to the project their extensive
experience with conservation agriculture worldwide.

Most of the day-today management of the field work envisioned in the project will be
undertaken by leading agronomists from the four participating Provincial organizations.
Agronomists from these four institutions will also be heavily involved in the farmer
participatory research and farmer experimentation aspects envisaged in the project. Dr.
Yan Changrong from the national Chinese Academy of Agricultural Sciences will help
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the project leader oversee the project, and will be involved in much of the work on
synthesis of the results across the four Provinces and the precipitation gradient that they
represent. Crop modeling expertise will also be provided by the Institute of Agricultural
Environment and Sustainable Agriculture of the CAAS, as will expertise in Geographic
Information Systems. GIS activities will be supported by Dr. David Hodson, a specialist
in the field.

The social sciences are particularly important to this project, not only in the assessment
of impact on the livelihoods of farm families, but especially in understanding the impacts,
and potential impacts, of the proposed technologies on different members of the farm
family. It is extremely fortunate that the project is able to include two very experienced
female social scientists for this work: Dr. Erika Meng of CIMMYT and Dr. Jingxia Wang
of the Center for Chinese Agricultural Policy of the Chinese Academy of Sciences. The
impacts of policy on these production technologies will be assessed during the course of
the project by Dr. Wang, aided by Dr. Zhongping Zhu of IWMI who has extensive
experience in the policy arena.

One of the major initial limitations to the adaptation of conservation agriculture to a
particular area is the problem of obtaining adequate equipment, especially to be able to
seed the crop through the surface residues. This is especially true for small farmers with
limited draft power, whether it be from animals or small tractors. Dr. Gao Huanwen of
the Chinese Agricultural University is a leader in the design and manufacture of zero
tillage equipment in China, and is the main counterpart of an Australian funded project
on zero tillage working in the Shanxi and Hebei Provinces.

Combating soil erosion is one of the objectives underlying this project. In order to
evaluate the effects of the proposed technologies on soil erosion, Dr. Mu Xingmin of the
Institute of Soil and Water Conservation will install run-off and sediment evaluation plots
under representative conditions in the target communities.

The geo-referencing of all the data generated in the project, combined with crop and
system simulation modeling and the use of GIS will permit the incorporation of the
results into larger scale models, specifically those that function at the watershed and basin
levels. Again, Dr. Zhongping Zhu, who has considerable experience in basin level
modeling, will lead this effort.

Outputs

Output 1. Appropriate conservation agriculture systems for smallholder farmers that
improve agroecosystem productivity by at least 20% and conserve soil and water
resources developed and adapted in the rainfed areas of the Provinces of Shandong,
Henan, Ningxia and Inner Mongolia.

Indicators — Data sets and summary documents for researchers, extension workers,
NGOs and field guides for farmer groups describing in detail the practices, their use and
expected performance.
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Output 2. Initial farmer adoption of zero tillage with residue retention attained in each of
the four Provinces.

Indicators — A core of at least 20 early adopters of conservation agriculture in each of
the villages targeted by the project. Subsequent promotion efforts will build on this core
of early adopters.

Output 3. The effects of conservation agriculture practices on system productivity and
water use efficiency, soil degradation and erosion quantified.

Indicators — Data sets and related scientific publications from medium-term experiments,
farmer monitoring and crop modeling quantifying and explaining the effects of different
conservation agriculture practices on soil quality and system productivity.

Output 4. Farmer decision guides on the use of crop residues for ground cover and feed,
based on farm family evaluations, research data and crop and system simulation model
outputs developed and disseminated.

Indicators — Publications summarizing advantages and disadvantages, costs and benefits
- from the viewpoint of equity, farm family livelihoods and farming system management
and resilience — of adoption of different residue use strategies.

Output 5. Local production of adapted zero tillage seeding equipment initiated in each of
the four provinces.

Indicators — At least one private agricultural implement manufacturers producing and
selling conservation agriculture seeding equipment in each of the four provinces.

Output 6. The consequences of the adoption of conservation agriculture practices on
income, livelihoods, and gender and generational equity assessed.

Indicators —Data sets and related scientific publications from social science surveys and
rural appraisals of early adopters focusing on economic consequences of conservation
agriculture adoption, and their impact on different members of the farm family.

Output 7. Links established with other projects working at the watershed and basin level,
data and information shared and used to scale up the plot level effects of conservation
agriculture on water savings, run-off and soil erosion.

Indicators —Documents describing modeling outputs that link plot level water savings
and reductions in water run-off and soil erosion with basin level consequences.

Output 8. Policy actions that encourage the equitable adoption of conservation
technologies analyzed and proposed.

Indicators — Policy briefs on the potential impacts of conservation agriculture, and the
impact of policies on the adoption of these practices written, presented and discussed
with policy makers.
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Output 9. Capacity of national research program and Center scientists to successfully
participate in innovation systems and engage in participatory research, development, and
dissemination of conservation agriculture technologies enhanced.

Indicators — Internal and external evaluations of the advance of the project. Staff
evaluations regarding proficiency in participatory research methods and conservation
agriculture principles and practices.

Output 10. Effective strategy for efficient internal monitoring, evaluation and
coordination of the project established.

Indicators — Annual reports and a final report exhibiting advances against milestones
and outputs.

Output 11. Results from the project publicized locally, regionally, nationally, and
internationally through appropriate methods.

Indicators — Field days, media releases; project results reported in technical bulletins, ,
presentations in national and international workshops and seminars and scientific
papers.

Beneficiaries and impact

The project will lead to increased understanding of farm families and communities of the
causes of soil erosion and yield decline, and the adoption of strategies to overcome these.
Adoption rates will depend on many factors, including the complexity of the
technological changes required to establish functional conservation agriculture systems.
However, the high adoption levels expected will have a marked impact on rural poverty
in the four Provinces and beyond, and can be expected to increase through further
adoption after the life of the project. Reductions in soil erosion associated with reduced
tillage and the strategic management of crop residues will reduce sediment loads in the
Yellow River, helping overcome one of the major problems experienced by the
population in the lower reaches of the river.

The most important beneficiaries targeted, and the impact expected during and after
the four-year project are:

Farming families in the rainfed areas of the Provinces of Ningxia, Inner Mongolia,
Henan and Shandong, who will benefit from increased, and more stable, crop and
system productivity, reduced production costs and labor requirements, and
improved family livelihoods. Although widespread adoption of conservation
agriculture cannot be expected during the four years of the project, foci of
adoption will have been developed in the target communities.

Women and children are expected to benefit most by the reduction in labor
requirements: the time that women and children dedicate to the drudgery of field
labor can be reduced, freeing up their time for other productive activities such as
adding-value to farm produce and schooling;
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Children and future generations, and in the areas with the worst degradation the
present generation of farmers as well, will benefit from the increased soil quality,
the halting, for all practical purposes, of soil erosion, and the reversion of soil
degradation, and therefore the inheritance of more fertile land from their
forebears;

Scientists, both nationally and internationally, will benefit from an increased
appreciation of the importance, management and facilitation of farmer
participatory research, farmer experimentation and farmer-to-farmer extension,
as well as from the experience of participation in innovation networks focused on
farmer problems. Scientists will also benefit from a greater understanding of the
biophysical and socioeconomic effects of resource conserving technologies and
their adoption;

Small-scale machinery manufacturers will benefit from the manufacture, repair and
servicing of appropriate reduced-tillage implements;

Future generations of farmers in the irrigated lands downstream of the project area,
who will benefit from reductions in sediment load in the Yellow River;

The general population in the project area who will benefit from the reduction in soil
particles in the air resulting from wind erosion of tilled soils;

The Chinese nation who will benefit from the maintenance and improvement of the
agricultural soils, one of its most precious natural resources;

The global community who will benefit from increased soil carbon sequestration and
reduced emissions of greenhouse gases; and finally

Assumptions and risks

The basic assumption underpinning this proposal is that conservation agriculture systems
can be adapted to the biophysical and socio-economic situations of the rainfed areas of
the Yellow River Basin. Given the worldwide adaptation of the principles of conservation
agriculture to a wide range of biophysical conditions, there is little reason to believe that
they will not be applicable to this target area. However, the socio-economic
circumstances of the communities may provide a significant challenge to the adaptation
of conservation agriculture to the area, especially with respect to alternate uses of crop
residues. However, given the relatively low rainfall in the region, and the even lower
rainfall use efficiency at the plot level, it is hypothesized that the marginal benefits of
ground cover will be large, outweighing the benefits from alternative uses of the straw.

Climatic risks are inherently part of any agricultural project. However, the relative
benefits of conservation agriculture are generally higher in drier crop seasons, and the
risk of crop loss is reduced, thus mitigating the effect that a series of dry years would
have on project outputs.
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One practical risk that the project will face is that of not being able to find farmers with
unploughed fields and crop residue cover for the first season’s trials and demonstrations.
By January little crop residues remain, but, if available, straw can be spread on the soil
surface. This will not be perfect, but will allow the research program to be initiated.
However, it would be preferable to only start the project in the second half of 2004.
Farmers could then be engaged before harvest and plots managed correctly. However,
this would mean that the 4-year project would end in 2008, only allowing four complete
cropping seasons.

Monitoring and evaluation plan

The main tools incorporated in the project for self-monitoring are annual revisions of all
study sites by the project coordinators, and annual reporting and planning workshops.
The former will allow the project coordinators to assess advances at the field level, as
well as diagnose problems in project implementation and overcome these before they
become serious impediments. Annual reporting and planning meetings, followed by
complete annual reports, will provide a forum to discuss results, and reorient, if
necessary, future activities, as well as enabling the interchange of experiences between
the different Provinces. This important aspect will also be reinforced by the participation
of the agronomists from the four Provinces in the annual revisions of the study sites.

External evaluation of the project is encouraged. Although evaluation will be welcomed
at any stage of the project, the most appropriate timing will be during the periods of
project self-evaluation: approximately 70% through the cropping season in any year. By
the third year of the project impact should be evident, and we would appreciate review in
the third or fourth year of the project. As this is a multidisciplinary project, with multiple
facets and a strong rural development overtone, we would appreciate generalists with a
broad perspective of agricultural development and technological change as evaluators
rather than eminent disciplinary specialists. General agronomists and experienced
developmental social scientists would be most appropriate.

Dissemination strategy

The core of the proposed project is community learning and farmer experimentation.
Farmer participatory research and instruction of farmers, farmers’ families and the
community as a whole in farmer field schools on the principles, practice and projected
benefits of conservation agriculture will set the stage for testing of the technologies by
innovative farmers in the community. In this respect, researchers, extension agents,
farmers and the community will pool their knowledge to overcome the local problems of
soil degradation and yield decline. In these exercises special attention will be paid to
different perceptions of the technology within the family and community, specifically
with respect to gender and generation. Previous farmer participatory research work
undertaken in China between the national programmes and CIMMTYT has always
included specific attention to differences in gender, based on the hypothesis that attitudes
towards technology characteristics, needs and constraints may well show gender
differences, over and above the possible differences in opportunities to learn about the
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technologies and the impacts these may bring. All of these facets will be explored
during the participatory surveys and the results and findings incorporated into the modus
operandi of the project.

Farmer-to-farmer exchange will be the chief vehicle for the extension of the expected
benefits and management of conservation agriculture. In this successful extension mode,
researchers and extension agents become facilitators: both of the farmer experimentation
that forms the basis for the extension message, and of the contact and interchange of
ideas and experiences between farmers. Initially, farmer-to-farmer exchange will be
concentrated within the community, but after the second year, visits or study tours by
farmers from other communities will be initiated. The choice of these communities will
be aided by a GIS and site-similarity analysis, and visiting farmers will be encouraged to
initiate their own experiments, which will then be monitored by the project personnel.

Although farmer-to-farmer interaction is the most effective extension method, the
message of the benefits of conservation agriculture will be reinforced through farmer
bulletins and media coverage, both focusing on practitioners’ experiences.

As an important objective of the project is the emergence of innovation systems focused
on the management of conservation agriculture at the farm level, other organizations with
similar goals will be encouraged to participate. Short courses on conservation agriculture
will be conducted for researchers and extension agents in general, including those from
other projects, and other organizations will be invited and encouraged to participate in the
annual reporting and planning meetings. Technical bulletins, increasingly incorporating
project results, will provide reference material and reinforce the knowledge of
conservation agriculture obtained during courses and meetings.

Social norms and mind-set are normally greater impediments to the adoption of
conservation agriculture than are national policies. However, the effects of national and
regional policies on the widespread adoption of these technologies will be studied and
analyzed. The findings of these studies will be communicated and discussed with
research and extension directors as well as policy makers, and policy briefs prepared. It is
unlikely that policy change can be effected by the project, but the intention of these
interchanges is rather to bring the subject into the policy arena, and arm influential people
with the tools and information necessary to bring about change.

The positive results expected from this project will no doubt have relevance to rainfed
areas outside the four target Provinces. Site-similarity analysis will aid in the definition of
the most likely areas of extended impact. Publications resulting from the project, both
intended for the scientific community and for the general public, will spread the
awareness of the benefits of conservation agriculture on farmer livelihoods, the natural
resource base and the environment. However, the main focus of the project will be to
achieve adoption of these technologies in the four Provinces of the Yellow River basin by
the integrated effort of many stakeholders, but with the farmer taking center stage.
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Resources needed

The total cost of this four-year project is US$ 2.2 million, of which US$ 1.52 million are
requested of the Water and Food Challenge Program. The complexity of the problem of
soil degradation and erosion, and their impact on the livelihoods of the rural poor requires
a multi-disciplinary approach for its resolution, or, at the very least, its mitigation. Many
scientists, specializing in different disciplines, will be involved in the project, including
both social and biophysical scientists. It is likely that, as the project progresses, the
expertise of other specialists will be required. Where possible this expertise will be
obtained from the participating organizations, as an extra allotment to the project. As the
project is based on the development of innovation systems, or networks, focused on
farmer problems and experiences, it is hoped, and intended, that other partners will be
incorporated into the network during the life of the project. These partners will likely also
bring their own resources to the project, thus enlarging the scope and impact.

A special mention should be made on the contribution of “matching” or counterpart
resources by the partners in this project, especially the Chinese national partners. Funds
have been included in the budget for the time of senior specialists. However, much of the
logistical, human and infrastructure support to these professionals will be supplied to the
project as counterpart funds by their institutes. This includes half the cost of all the
vehicle expenses, plus secretarial, field and laboratory help, as well as field, laboratory
and workshop equipment that will underpin the field activities. Estimates of these costs
have been included in the budget as “matching funds”.

The purchase of a small amount of essential equipment has been included in the project
budget. The equipment and the reasons for its inclusion in the budget follow:

¢ Simple meteorological data acquisition equipment will be purchased and installed
in the target communities and in the field trials. Accurate meteorological data is a
prerequisite to being able to understand and model crop and soil responses

e Small direct seeding equipment adequate for animal traction and for use with
small tractors will be obtained abroad, utilized, evaluated, and modified as
necessary to develop locally adapted versions that can then be manufactured
within the region.

® Geographical Positioning System (GPS) units will be purchased and used to geo-
reference all sites where trials and experiments are established, including farmer
experiments. These are not very costly and will allow the incorporation of the
results into a GIS.

e Supplies will be purchased to permit the establishment of run-off and sediment
capture plots in three to four communities.
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Conservation agriculture for the dry-land areas of the Yellow River
basin: Increasing the productivity, sustainability, equity and water use
efficiency of dry-land agriculture, while protecting downstream water

users.

Potential Environmental Impact

The potential environmental impacts of this project are essentially positive. Conservation
agriculture (reduced or zero tillage, crop residue retention on the soil surface and crop
rotation) leads to the following environmental benefits:

Reduction in soil erosion

Reduction in water run-off

Increase in soil organic matter content

Carbon sequestration in the soil

Increased soil biological activity

Increased populations of beneficial (antagonistic to pests) organisms
Promotes crop diversification

There are, however, three areas where the impacts may be somewhat negative, at least in
the short term.

In conservation agriculture, weeds are not destroyed by intensive tillage. If
considerable weeds are present at seeding time, i.e. when there are early rains,
then it is necessary to apply chemical herbicide. Generally the most efficient
product is glyphosate, a relatively benign chemical (yellow label) that is broken
down by soil microorganisms, generally in the space of three months. Glyphosate
is not leached in the soil as it is extremely tightly bound by clay particles. This
together with the almost complete reduction in soil erosion means that the risk of
the chemical moving outside the applied area is small. At the same time, weed
populations tend to decline in conservation agriculture due to three main reasons:
weed seed is not incorporated into the soil and so germinates uniformly and can
be easily controlled, the increased population of insects inhabiting the residues
consumes a sizeable amount of weed seeds, and the residues themselves act as a
barrier to weed germination, especially with respect to some weeds. For this
reason weed populations tend to decline with time in conservation agriculture,
requiring, in the end, less herbicide use than in conventional systems.

As organic matter is not oxidized by intensive tillage in conservation agriculture,
at least in the short term (until a new plateau level of soil organic matter is
attained) less nitrogen is mineralized, and crops may suffer more from nitrogen
deficiency. In a cereal crop monoculture this may require the addition of more
nitrogen fertilizer in the first 3-5 years after establishing the new system.
However, the best solution is crop rotation, especially with legume crops.

Some crop diseases (necrotrophic organisms) survive on crop residues, and may
cause early and severe infections of emerging and young crops of the same
species sown into the residues. However, again, the solution to this problem is the
adoption of crop rotation, an integral part of conservation agriculture. With an
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adequate crop rotation residues of, say, a wheat crop will be decomposed before
the crop is sown again, and no disease risk occurs. It should be noted, however,

that many root diseases are reduced by conservation agriculture, because of the

increased soil biological activity.

4. As has been stated in the text, there are social implications of the technology.
Generally these are beneficial through reduced production costs, less labor use,
less risk etc. However, in the Yellow River Basin, crop residues are often used for
animal feed or other ends. Two strategies will be employed to mitigate this
problem: a) partial adoption and b) forage crops in the rotation. With respect to
the first, farmers will be encouraged to try conservation agriculture on only one
relatively small portion of their land, leaving all residues on that portion. Once
productivity gains are achieved on that portion, then part of the residues —
probably equal to the total residue production with conventional tillage — may be
removed while still leaving sufficient for residue cover.
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