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1.0 Executive Summary
This final report details key activities undertaken throughout the duration of the CIFSRF project
“Improving Nutrition in Ethiopia through Plant Breeding and Soil Management” focusing on
major achievements/outcomes and lessons learned from the experience. The collaborative
initiative used a food-based, bio-fortification strategy which linked agriculture and nutrition by
spanning the spectrum from improved pulse crop agronomy (with an emphasis on chickpea and
haricot bean including Zn and Fe fertilization), isolation of effective Rhizobium strains
(nitrogen-fixing bacterial), to the utilization of household-level processing strategies (dehulling,
soaking, germination, fermentation, etc.) to improve micronutrient (Zn and Fe) profile of
processed chickpea and bean flours, which in turn were used to produce pulse-cereal
complementary food products. These nutritious pulse foods along with nutrition education to
mothers have led to improvement in weight gain in young children a key indicator of nutrition
outcome in young children.
Studies on soil micronutrient status revealed that Fe and Zn were deficient in the experimental
soils. Although response of haricot beans to Zn and Fe applications alone was not obtained,
experiments on the effects of NP as well as Zn and Fe fertilization on yield and quality of
different haricot bean varieties at three locations (Huletegna Choroko, Taba & Jole Andegna
kebeles) showed significant differences in concentrations of Zn and Fe in leaves and grains.
Optimum management practices for chickpea production were identified to improve
productivity, nutrition, and income of smallholder farmers. Improved soil management through
crop diversification and improved cropping systems (intercropping and double cropping) has led
to increased soil fertility and pulse productivity. Double cropping of chickpea using residual
moisture on cropland after harvesting of the main crop and available labour has increased the
average income of participating farmers by Birr 4,126 as compared to Birr 913 of the nonparticipants. An impact evaluation carried out prior to the end of the project showed that project
participants produced 1.93 t/ha of chickpea and 2.23 t/ha of haricot bean compared to the nonproject participants who produced only 1.3 and 1.72 t/ha of chickpea and haricot bean,
respectively, also showing the improvements in income of project participant households.
Through participatory varietal selection on farmers’ fields and agronomic experiments, high
yielding and adaptive varieties of chickpea and haricot bean were identified. There were
significant yield differences among the genotypes, and generally all the newly introduced
varieties outperformed the local (variety at all experimental sites. Best performing chickpea and
haricot beans were found to be different at different sites, suggesting a need for participatory
variety selection.
A market analyses conducted showed farmers channelize their grains to different market
channels. Farmers participating in the project contributed about 73% of the total amount (9,181
dt) of chickpea that was transacted across the region in 2012/2013. This is significant given that
4

they haven’t sold any chickpea seed in the previous year. In another project sites, income from
chickpea accounted for 21%, 22% and 17% of total farm income in Damot Gale, Sodo and
Meskan areas, respectively, where increments were obtained through introduction of high
yielding varieties. This indicates that further increasing crop area under chickpea can improve
household income and hence their buying power.
Though various household food processing methods the project was able to improve the
micronutrient profile new specialized nutritional foods made of pulses-cereal blend and
introduced them into the diet of young children. These nutritious pulses-cereal blends were more
easily absorbed (fewer anti-nutrients) and well liked than the ones made from local varieties
brought from the market. Baseline studies indicated that pulse consumption was low in the study
areas, and that germination and fermentation methods of traditional food preparation were not
commonly used. Acceptability testing on selected pulses (haricot beans, chickpea) showed that
pulses-cereal food products (porridge) were well liked compared to the ordinarily prepared
cereal-based porridge and flat bread. Further, processing such as germination improved mineral
bioavailability by reducing phytate levels.
Biofortification of pulse crops for zinc and iron has help to optimize anti-nutrients such as phytic
acid, while improving their nutrition quality to combat micronutrient deficiency and food
insecurity. Working with pulse crops in the food system improved sustainable crop production
linking human nutrition and food security.
Action oriented message, recipe demonstration and taste-testing, mentorship form locally trained
extension workers , media, and follow-up visits to homes to observe and reinforce preparation
methods where used in nutrition education interventions to mothers (and some fathers) to address
the need for nutrition knowledge, including pulses. Studies in this project used a variety of
approaches, focusing on the needs of the individual communities in the study sites. The results
were that more than 500 mothers, (some make farmers) and their young children noted benefits,
for mothers, improvements in knowledge, attitude and practice (KAP) about healthy eating and
pulse consumption, including incorporating pulse-cereal blends 8into complementary foods, for
young children improved diet diversity leading to weight gain.
Empowerment of women was identified as a crucial component of this project, impart because it
is important for improved household nutrition outcomes. Findings from studies undertaken
suggest that women are more likely than men to invest in children’s health and nutrition. Income
and resources that women control wield disproportionately strong effects on health outcomes.
Women who are reached by agricultural interventions that relay information on nutrition,
including pulse benefits appear to be particularly effective in improving nutrition outcome for
their households. Gender is increasingly being shown to be critical in the project’s agriculture-
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nutrition linkage, particularly in participatory variety selection, food processing and preparation
and product utilization. Still some challenges remain.
Funding support from DFATD/IDRC has helped to strengthen the long standing partnership
between the lead partner organizations in soil and agronomy research, and shape nutrition and
food science programs at Hawassa. Eighteen MSc and 4 PhD graduate students were trained,
several papers are published in Peer-reviewed journals and conference proceedings. The project
has further strengthened the research capability of Hawassa as evidenced by the designation of
the university as National Centre of Excellence for nutrition, and equipped micronutrient
laboratory.
2.0 Research Problem
Today, about 1.1 billion people continue to live in extreme poverty on less than US$1 a day.
Another 1.6 billion live on between US$1–2 per day. Three out of four poor people in
developing countries lived in rural areas in 2002 (WDR 2008). Most depend on agriculture for
their livelihoods, directly or indirectly. In much of sub-Saharan Africa, agriculture offers a
promising opportunity for spurring growth, overcoming poverty, and enhancing food security. Of
the total population of sub-Saharan Africa in 2003, 66% lived in rural areas.
In Ethiopia, increasing the productivity of pulses presents an opportunity in reversing poverty
and food insecurity. In part, because pulses have the capacity to fix atmospheric nitrogen in soils
and thus improve soil fertility and save fertilizer costs in subsequent crops (Serraj, 2004). The
rotation of cereal crops with legumes is essential, if soil health and the sustainability of
production systems are to be maintained
Approximately two-thirds of childhood deaths are caused by Vitamin A, iron (Fe), zinc (Zn)
deficiencies, and a WHO report has identified these deficiencies as among the most serious
health constraints in Sub-Sahara Africa (Mayer et al, 2008; Welch et al, 2004). Malnutrition (or
hidden hunger) is widespread in SSA. The most nutritionally at risk are food insecure (Allen et
al, 2000). Zinc deficiencies have serious consequences for human health.
Although traditional public health interventions (e.g. supplementation and fortification) have
been known to be effective in reducing malnutrition worldwide, these interventions require
infrastructure, purchasing power, and access to markets for their success. They are often not
available to rural population.
Biofortification, a process of increasing available micronutrients in pulse seeds has high
concentrates enough to impact human health, and is seen as a powerful strategy that in this Call3 project targets the most vulnerable (poor women and young children). Studies on orange flesh
6

sweet potato and other products, including pulse have shown that a biofortification strategy can
improve the amounts of nutrition consumed by target population, especially when coupled with
behavior change communication (nutrition education) tools. (FAO, 2013)
3.0 Progress towards Milestones
Table 1 Progress towards achieving Milestones 1.5-1.6
#
Milestones
Current
Comments
Status

1.1 Inception Workshop
1.2 Site Selection
1.3 Project Staffing &
Equipment

C*
X
X
X

1.4 Project Implementation X
Strategies
1.5 Gender Framework
X

1.6 Baseline data Collected X

IP*



Conducted on 17th to 19th May, 2012.
Site selection was made before the inception
workshop and endorsed during the workshop.
 Project manager was recruited at UofS; 2 Research
Assistants (1 Nutrition and 1 Agronomy);
Administrative Assistant at HU. Micronutrient lab was
equipped with Fat and Body Composition Analyzer,
Portable Photosynthetic Analyzer, Protein Analyzer,
Spectrophotometer and other supplies
 Project implementation strategy was developed in first
6-12 months and used for implementation.
 Gender Framework was developed and implemented.
Baseline information was published by Negatu et al.,
2014. A second publication on the framework and
gender integration soon to be submitted.
 Gender-nutrition sensitization workshop was
conducted in December 4-6, 2014-led the way to
implementing the gender framework/strategy. A total
of 120 participants (50% female) attended the
workshop (proceedings submitted with 24 month
report).
 Every research conducted within the project has had
baseline component. The baseline data has been
included in the thesis and research reports of the
faculty and graduate students.

*C= completed,* IP= in progress
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Table 2. Progress towards achieving milestones 3.1-3.7
#

Milestones

Current
Status
C* IP*
X

Comments

3.2 Soil Characterization

X



3.3 First year field studies
completed on the
effects of Zn
fertilization and
intercropping on
nutrient intake and soil
quality

X



3.4 First year field studies
on genetic variation of
pulse under different
environments
3.5 Studies completed on
local practice and
knowledge of agrosystems

X



X



3.1 Literature Review
Completed
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Literature review related to project was collected and
to guide project implementation. Findings were
incorporated into project interventions; a report was
submitted with the January, 2013 Technical Report.
Soils of the selected sites were characterized by
excavating two pedons at each site and analyzing the
physico-chemical properties of the collected soil
samples (included in 6-12 month report). One
manuscript prepared.
Trails on application of rates of Fe and Zn with and
without NP were conducted at selected sites.
Effect of method of Zn application and intercropping
on haricot bean with maize was carried out at two
sites in 2013.
A total of 3 trials on intercropping of bean varieties
with maize were conducted (see Section 4.0
Synthesis of Research Activities and Results:
Objective 3).
Trials on “Genetic and agronomic approaches for
micronutrient (Zn) enrichment in chickpea” at three
sites were completed (s Section 4.0 Synthesis of
Research Activities and Results Objective 4).
Four MSc theses in applied human nutrition were
completed in 2013/2014.
Additionally data collection of 5 MSc research work
has been completed and draft thesis are prepared.
The students are expected to defend their thesis in
2014 (See Annex 2: Research Booklet II Improving
Nutrition in Ethiopia through Plant breeding and Soil
management & Promotion Adaptation of Chickpea
Technology in Southern Ethiopia; MSc Works as
Scientific-writing report

3.6 Studies on
biofortification
practices



X
1 IP

3.7 First year field days
X
held at study sites,
including participation
by local farmers.
*C= completed,* IP= in progress

Three studies (faculty research) have been
completed; 1-published, draft manuscripts have been
prepared, for submission by September 30, 2-14
Results are reported in Section 4:Synthesis of Research
Activities & Results, Objective 2;


A total of 482 individuals attended the field days held
at Halaba and Demot Gale.

Table 3. Progress towards achieving milestones 5.1-5.5
#

Milestones

5.1 Studies completed to
test intervention
mechanisms to improve
food security at the
household level

Current
Status
C*
IP*
X

Comments



Three studies have been completed; 1-manuscript inpress, 1-submitted, 1-in preparation
Two PhD nutrition students data completed (4manuscripts in preparation, (see Annex 3: Booklet III:
Summary of HU Conference Proceedings, Progress
Report PhD).;


5.2 Analysis of initial
extension activities
completed relating to
agriculture and nutrition
outputs and analysis of
progress made towards
early outcomes,

X

Additionally data collection of 5 MSc studies is
completed and theses preparation is underway;
Expected date of completion- fall, 2014. Results are
summarized in Section 4.0 Synthesis of Research
Activities and Results and in Annex 2: Research
Booklet II Improving Nutrition in Ethiopia through
Plant breeding and Soil management & Promotion
Adaptation of Chickpea Technology in Southern
Ethiopia; MSc Works as Scientific-writing report

Project evaluation and impact assessment completed,
presented at the End-of-Project Conference, August 28,
2014. See Major Report; Annex 4: Major Reports
(Impact Evaluation, Indigenous knowledge).

9

including farmer’s
preferences for new
pulse varieties and
consumption patterns
5.3 Manuscript developed
on gender age and other
socio-economic
characteristics showing
stratification of labor,
land, authority and
consumption
5.4 Manuscript developed
on micronutrient levels,
zinc, iron and phytate
contents of legume and
non-legume staples as
well as most commonly
consumed Ethiopian
dishes

X

 1-Manuscripts on gender and social equity and equality
in-press, 1-submitted.
 2-Manuscripts on market /value chain), published.
Studies addressing this milestone are reported in Section
4; Synthesis of Research Activities & Results (Objective
1).

X



1-publication: Getenesh Behanu, Addisalem Mesfin,
Afework Kebebu, Carol Henry, Susan Whiting;
“Household food processing methods to decrease
phytate content and enhance iron and zinc
bioavailability in formulated haricot bean and maize
complementary food” African Journal of Food
Science Vol. 8(4) pp.190-195, April, 2014. (See
Manuscripts in Annex 4: Major Reports (Impact
Evaluation, Indigenous knowledge), Annex 1: List of
Invited Presentations/Abstracts/Publications.



2- Manuscripts in-preparation. Annex 3: Booklet III:
Summary of HU Conference Proceedings, Progress
Report PhD

5.5 Manuscript developed
on the effect of
germination and
fermentation methods
on the phytate content of
foods
*C= completed,* IP= in progress

X

Table 4: Milestones 6.1- 6.7 (18-24 months)
#

Milestones

6.1 Second year field trials
completed on the effect of
intercropping, Zn fertilization
and soil management on soil

Current
Status:
C*
IP*
X
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Comments



Works on Fe and Zn fertilization as well as
intercropping are completed.



quality and best management
practices identified





6.2 Second year field trials
X
completed on the genetic
variation of pulses and best
performing germplasm identified





6.3 Study completed on the
community-based intervention
program, with gender
disaggregated data on the
participation by local farmers
and extension agents in the
project

Two manuscripts are published on
intercropping and four other are prepared
and ready for special issue publication.
( See Annex 1: List of Invited
Presentations/Abstracts/Publications
Field data collection and data analysis
completed, results described in Section 4Synthesis of Results (Legesse, 2014)
One manuscript in preparation
The student will defend thesis in 2015/2016
MSc work on screening of haricot bean
genotypes is completed (Temesgen Feyissa
and Hussein Mohammed, see Annex 2:
Research Booklet II Improving Nutrition in
Ethiopia through Plant breeding and Soil
management & Promotion Adaptation of
Chickpea Technology in Southern Ethiopia;
MSc Works as Scientific-writing report

X


Field work and data analysis completed
(Lombamo, 2014). Annex 3: Booklet III:
Summary of HU Conference Proceedings,
Progress Report PhD.



6.4 Field testing for food product
processing completed and
manuscript developed

X




See milestone 3.5-above for details and,
Section 4.0: Synthesis of Research Activities
and Results, Objective 2

6.5 Second year field days held at
the study sites, including
participation by local farmers
(targeting at least 50%
participation by women),
extension agents and NGO’s

X



Field days were held twice at Halaba, Taba
and Butajira. The first rounds of field days
were held in June 2013 to demonstrate the
introduction of new haricot varieties and
intercropping with maize. The second rounds
were held in November – December 2013 at
the sites the production and productivity of
new chickpea varieties. The Canadian
Ambassador to Ethiopia; the delegate from
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Canadian Embassy; Program Specialist from
IDRC; UofS Faculty; Experts from regional,
zonal and district Bureau of Agriculture;
Researchers from Ethiopian Institute of
Agricultural Research; South Agricultural
Research Institute; South Seed Enterprise;
Farmers’ Cooperative Federation; Farmers
and Extension Agents participated in the
field days. See Section 4- Synthesis of
Research Activities (Objective 6). A total of
934 stakeholders participated in the Field
Days held at all sites.
 Project evaluation and impact assessment
(See Annex 1: List of Invited
Presentations/Abstracts/Publications)

6.6 Assessment of uptake promotion X
and extension activities relating
to key objectives of the project,
including progress towards
outcomes on farmer’s preference
for new pulse varieties and
consumption patterns
6.7 Value chain analysis of pulses
X
completed and manuscript
developed



The work on chickpea value chain is
accepted for publication in Journal of
Agricultural Science; Vol. 6, No. 10; 2014,
See See Annex 1: List of Invited
Presentations/Abstracts/Publications

*C= completed,* IP= in progress
Table 5: Milestones 7.1- 7:6 (24-30 months)
#

7.1

Milestones

Current
Status:
C* IP
*
MSc students theses and X
PhD students field work
completed

Comments
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To date, 4 Masters thesis in Nutrition completed, the
remaining 6 Nutrition, 5 Agronomy/Breeding, 2
Gender and Family studies, and 1 each in Rural
Development and Food Processing have developed
draft these and will defend in October 2014.
The data collection/field works of all PhD students are
complete and the students will defend their theses by
2015/2016.

7.2

At least the results of
six studies presented in
conferences & four
publishable manuscripts
submitted to scientific
journals

X







7.3

7.4

International conference X
to disseminate project
results & key
recommendations held
@ UofS



End-of-project
workshop @ HU



X





7.5

Evidence of adoption & X
uptake of bio-fortified
varieties of pulse-crops,
increased agricultural
production, improved
nutritional status of
women & children
7.6 Project evaluation &
X
impact assessment.
*C= completed,* IP= in progress
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A total of 8 experimental results were presented on
symposium “Research to feed Africa” held between
23 and 27 June, 2014 in Naivasha, Kenya.
15 Posters were presented by graduate students on
Conference “Feed the Plants to Feed People”
organized on 28-29 August 2014 in Hawassa.
A total of 7 articles have been published in peer
reviewed journals so far. Another 7 articles are under
preparation to be published in special issue.
Researchers (5-UofS and 1 HU) presented at the
Global Food Security Dialogue –Univ. of Alberta.
The 1st Scientific Forum on Linking Agriculture and
Nutrition was held at the UofS, Feb 2013. UofS
researchers have since presented at a number of
conferences for dissemination and networking.
Ten project team members attended in Africa wide
CIFSRF conference held between 23 and 27 June,
2014 in Naivasha, Kenya.
End of the project workshop was organized at HU
wherein policy makers, regional representatives,
farmer and other stakeholders participated.
Evidence of adoption and uptake promotion is
included in the evaluation report (Annex4: Research
Booklet 4: Major Reports)

The assessment was outsourced and completed. The
report is annexed.

4.0-Synthesis of Research Activities and Results
4.1. Objective 1: Establish the relationship of socioeconomic, gender, age, labor and health
status of household communities to food security as it relates to pulses and non-legume
staples.
Research conducted during the project revealed a strong relationship between gender,
production, consumption and marketing of pulses. Women were found to have less access and
control over key resources, such as land, cattle and household decision-making. Women’s
household and production decision-making was minimal. Gender roles in value chain and
marketing were identified as crucial to achieving production and consumption outcomes. The
overall impact is that female farmers experienced or confronted food insecurity and malnutrition
at a higher level than male farmers in pulse production.
Key Outcomes




Development and implementation of the gender framework base on the following findings
from our own research and the literature
o Cultural factors hinder equality in decision making between men and women
o Unequal access to resources (land, credit) hinder pulses production
o Limited skills, lower of literacy and education among the majority of rural women
o Extension services to women headed households was limited
o Unequally sharing of food production between men and women
o Allocated share of pulses crops is generally used by female to maintain their
household consumption needs, while men generally use for income, which is not
always shared with the women
o Consider women’s decision-making in production and marketing and factors that
affect food purchase, preparation and levels of nutrition knowledge along the value
chain from farm-fingers
o Women as informed consumers is important to achieving human development
outcomes, especially reducing food security and nutrition
o Women’s empowerment beyond production, e.g. extension agents, health workers,
educational resources /programs, and students as future crop, nutrition and social
science researchers should be prioritize
o The gender framework develop took these challenges into consideration
Identification of key determinants affecting production, consumption and marketing of pulse
crops and products. For example, production is affected by extension services, access to land,
wealth index and various by districts, consumption and markets are limited by traditional
beliefs and practices, as well as land access, age education, literacy and skills.

Key Outputs
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o Knowledge acquisition and skills training in production, post-harvest processing, and
preparation for women
o Improved access to extension training by linking them with extension worker in the
region
o Publications (abstracts, manuscripts), workshop & conference proceedings
Publications:
Tewodros Tefera. (2014). Determinants of smallholder pulse market orientation in Southern
Ethiopia. Asian Journal of Business Management, 6(2): 97-103.
Tewodros Tefara. (2013). Land ownership-the path towards rural women empowerment: A
case from Southern Ethiopia. International journal of Sociology AND Anthropology. Vol.
5(8), pp.330-338.
In-Press
Nigatu Regassa Gete Tsegaye, Carol Henry, Patience Elabor-Idemudia. (2014). Smallholder
farmers pulse production and marketing in four districts of Ethiopia: Examining access and
control of key resources from a gender lens. Humboldt International Journal of Gender,
Agriculture and Development. In Press.
In-Review

Nigatu Regassa, Carol Henry, Patience Elabor-Idemudia and Gete Tsegaye. (2014). A
Gender Framework for Pulse Production, Consumption, and Marketing in Southern Ethiopia"
Journal of Agriculture and Rural Development in the Tropics and Subtropics
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Figure 1. Gender framework for Pulse Production and Diet enrichment

Manuscripts in Preparation


JoAnn Jaffe, J. (2014) Knowledge Equity is Social Justice: Engaging a Practice Theory
Perspective of Knowledge for Rural Transformation, Rural Sociology. Gender Book chapter
and an article (derived from my RSS presidential address).



Alemneh Kabeta, Carol Henry, Addisalem Mesfin, Susan Whiting, Robert Taylor. (2014).
Barriers to the Production and Consumption of Pulse Crops in food insecure communities
16



Hurufa Lole, Oromia, Ethiopia. (To be submitted to the Journal of Ecology of Food and
Nutrition)
Carol Henry, Patience Elabor-Idemudia ,Nigatu Regassa Agriculture, Gender and Nutrition
links for food security in Pulses producing regions in Ethiopia

Abstracts in Conference Proceedings: - See Annex 1 Invited Presentations/ Abstracts/
Publications
Gender and nutrition sensitization workshop
The workshop (reported earlier) which was attended by 120 stakeholders (farmers, male and
female, HEWs, Das, and policy/decision makers) provided a number of lessons learned and
recommendations for considering gender more carefully when designing, implementing and
monitoring this CIFSRF agriculture-nutrition and food security project involving farmers’
participation. Findings from the impact evaluation (Tewodros, 2013) supported this
recommendation. The study found that although much effort in gender empowerment and
mainstreaming needs further work. The lessons learned will help to stare future practice of the
project.
4.2. Objective 2: Evaluate the micronutrient and phytate levels in commonly consumed
Ethiopian dishes and develop intervention mechanisms, which include using
biofortification to improve food security at household level.
The micronutrient levels of pulse flours were subjected to various food processing and
preparation techniques (roasting, boiling, soaking, fermentation and germination) to improve
nutrient bioavailability. Measures of community consumer acceptability and sensory analysis
were also completed.
Key Outcomes:
•
•

•

Pulses have been incorporated successfully into several familiar products/dishes –
injera, infant foods, flours – with and without household-level processing
Studies to increase the bioavailability of minerals show that mineral content (zinc,
iron, calcium ) of chickpea and bean dishes were well retained in most of the
commonly consumed dishes during treatments such as soaking, germination and
fermentation, indicating greater nutritional value; this may lead to improved
micronutrient status especially among women and children
Nutrition research studies show greater awareness of dietary value by households,
thus the potential for wider consumption of pulse dishes is evident

Key Outputs
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Publications:
 Getenesh Berhanu, Addisalem Mesfin, Debebe Mogos, Susan Whiting, Carol Henry.
(2014). A low pulse food intake contributes to poor nutritional status and low dietary
intakes of adolescent girls in rural southern Ethiopia. African Journal of Food Science,
Vol. 8(4), 190-195.
In-Press:
 Canaan Negash, Tefera Belachew, Carol Henry, Afework Kebebu, Susan Whiting
(2014). Effect of nutrition education and introduction of broad bean based
complementary food on knowledge and dietary practices of caregivers and nutritional
status of their young children in rural southern Ethiopia. Food and Nutrition Bulletin,
Accepted, October, 2014.
In-Review:
 Zebdewos A, Singh P, Birhanu G, Whiting SJ Henry CJ and Kebebu A. Formulation of
iron rich complementary food by using locally available amaranth, chickpea and maize.
African Journal of Food Agriculture Nutrition and Development
In Preparation
 Teshale Manye, Carol J. Henry, Afework, Gebre. (2014). Traditional pulse and pulse
based food processing, preparation and consumption at household level in Elle ‘Kebele’,
Butajira, SNNPR, Ethiopia.








Abadi Gebre Mezgebe, Tadesse Fikre, Abrehet F Gebremeskel, Robert Tyler, Carol
Henry, Effects of sorting and Dehulling on nutritional composition and starch pasting
characteristics of chickpeas and faba beans flours. Journal of Food Research
Esayas Knife, Tigist Fekcadu, Pragya Singh, Physiochemical and Functional properties
of Desi and Kabuli chickpea cultivars grown in Bodity, Ethiopia and Sensory evaluation
of boiled and roasted products
Impact of Household Food Processing Strategies on anti-nutrient contents of chickpea
and bean varieties: Review
Hiwot Hailelassie, Carol Henry, Robert Tyler, Impact of soaking and germination on

anti-nutrient content of chickpea and bean varieties grown in Ethiopia
Hiwot Hailelassie, Carol Henry, Robert Tyler Impact of household food processing
on iron bioavailability of chickpea and bean varieties grown in Ethiopia using
CACO-2 cells

Household food processing methods where carried out to enhance iron and zinc bioavailability in
formulated haricot beans and chickpea and maize complementary food and common household
dishes in 2-studies in two of the study sites. Soaking and roasting methods were used in the
preparation of maize flours, and germination (for 48 or 72 hours) and roasting were used in the
laboratory treatment of haricot bean flour. Proximate nutrient analysis conducted on processed
18

and unprocessed flours using standard methods revealed that there was no significant difference
in iron (p=0, 114), and zinc (p=0326) between 48 and 72 hours germinated white haricot beans.
However, processed products showed significant reduction of phytate (p=0.001). Acceptability
test with 36-mother- child pairs showed no significant differences among the porridge sampled
for sensory attribute. The study showed that pulse-cereal porridge is suitable as pulse processing
methods such as germination is necessary to improve bioavailability of iron and zinc (Brehanu et
al, 2014).
Soaking and germination also decreased phytate and other anti-nutritional factors of commonly
consumed pulses dishes and nutrients were retained in most dishes. Hawassa Dume (bean) and
Habru (chickpea) varieties were subjected to soaking and germination treatments. Dishes were
then prepared from the pre-treated seeds using a modified local recipe. Among the improved
chickpea varieties, Mastewal had high zinc (4.54+0.19mg/100g) and calcium
(154.3+5.13mg/100g) while Habru had high iron (4.61+0.03mg/100g). Hawassa Dume had the
highest iron values (6.8 mg/100g) however it was not significantly different from Nasir and Red
Wolayita. Nasir had highest zinc (4.22 mg/100g) and calcium (179.32 mg/100g) values
compared to the other bean varieties but not significantly different. Local chickpea and bean
varieties took longer to cook compared to improved varieties (Table 1). Compared to ordinary
cooked dishes, there was no significant difference in mineral or protein content of Habru based
dishes except in the 48 and 72 hour germination treatment groups. The mineral and protein
contents of most Hawassa Dume (bean) based dishes were well retained except for protein and
zinc in the 72 hour germination treatment group. Maximum phytate reduction was found in
Hawassa Dume (bean) and Habru (chickpea) germinated for 72 hour. Iron bioavailability was
significantly higher in Habru compared to local chickpea and all bean varieties (Figure 1).
Regarding the sensory evaluation, the overall acceptability of the dishes was found to range from
“neither like nor dislike” to “like moderately” (Hailelassie 2014).
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Figure 2: Ferritin concentration in Caco-2 cells exposed to raw bean and chickpea digests.

In-addition to increasing the micronutrient profile of commonly consumed or recently developed
food products, the physiochemical and functional properties of both local and enhanced varieties
of beans was also studied. Two beans Mastewal (desi) and one Habru (kabuli) chickpea varieties
grown in Bodity, Ethiopia were investigated along with their sensory qualities of the resulting
boiled and roasted products. Significant difference (P<0.05) was found among the varieties in the
parameters analyzed. Result revealed that Habru (kabuli) had the highest composition of protein,
zinc, iron, and phosphorous; Mastewal (desi) had the highest composition of copper and tannin
while local (desi) variety had highest value for ash, fiber, calcium and phytate. Habru and
Mastewal were found to have highest value of water absorption capacity. The three varieties had
molar ratios of phytic acid to zinc and phytic acid to calcium less than the critical points 15 and
0.24 respectively but for phytic acid to iron Habru cultivar only had value less than the critical
point 1. Although all three varieties contain bio-available zinc and calcium, the Habru varieties
contain zinc higher in amount and bioavailability while the local farmers’ varieties contain
calcium higher in amount and bioavailability. The results revealed that Mastewal (improved
variety) better protein and zinc and iron and water absorption capacity, and thus a better chance
of being incorporated in aqueous food formulation (Knife et al, 2014).

The project also studied the effects of sorting and de-hulling on Nutritional Composition and
Starch Pasting of Characteristics of Chickpeas and Faba bean Flours. Processing (threshing,
cleaning, sorting, drying, de-hulling and milling) are known to influence the utilization and
quality of pulses. Sorting and de-hulling are part of food preparation practices as pre-treatment
method. Desi & Kabuli type chickpea and faba bean were selected, pre-cleaned, sorted and dehulled. The samples were then hammer milled and analyzed for nutritional contents (moisture,
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ash, protein, fat, fiber, carbohydrate and energy) and pasting properties of starch. The study
found significant difference in proximate composition and pasting characteristics. Sorting
increased moisture content of desi type chickpea and faba while the fiber content of kabuli type
chickpea was reduced. De-hulling improved the protein content of desi type chickpea, and
carbohydrate and Energy content of desi type chickpea and faba bean were enhanced due to dehulling. The pasting curve of the kabuli type chickpea was observed to be higher than that of the
desi type and faba bean flours. The pasting behavior of the samples was observed to be greatly
influenced by sorting and de-hulling. Sorting and de-hulling treatments improved the pasting
characteristics of faba bean and desi type chickpea to a greater extent. The study showed that
during formulation of pulse based food products, sorting and de-hulling (separately and
combined) can be used to improve the nutritional composition, functionality and pasting
properties of starch (Abadi et al, 2014).
Taken together, processing methods have demonstrated improvement in the micronutrient profile
of new specialized nutritional foods made of pulse-cereal blend and introduced them into the diet
of young children. Nutrients from these pulse-cereal blends were more easily absorbed (fewer
anti-nutrients) and well liked than ones made from local varieties bought at the market. This is
noteworthy in that baseline studies (e.g. Manye, et al, 2014) indicated that pulse consumption
was low in the study areas and that germination and fermentation methods of traditional food
preparation were not commonly used.
4.3. Objective 3: Soil characterization and assessment of micro- and macro-nutrient levels
and possible deficiencies existing in the soils of study area
Ethiopia is an agrarian country producing cereals, pulses, oil crops, fiber crops, vegetables, fruits
and root crops annually on an average of about 11 million hectares of land, of which
1,349,116 hectares of land is for pulses. Pulses occupy about 12% of cropland in Ethiopia
and are the second most important in the national diet after cereals. Chickpea and haricot
beans are the most important pulse crops grown in Ethiopia and well recognized as valuable
sources of protein, particularly for the underprivileged.
Ethiopian farmers grow different crop species in every cropping season as a sole crop (crop
diversity across fields), intercropping (crop diversity within a field) and double cropping.
Farmers’ experience in the production of diversified crops annually helps them to be self sufficient in yield of crops grown in their locality, and avert crop failure risks caused by
climate change and prevalence of disease epidemics and insect pests. Growing chickpea and
haricot bean in crop rotation and/or intercropping systems increase crop productivity and
sustainability. The productivity of the crops remained low in southern Ethiopia due to
unavailability of improved varieties and inappropriate management practices including
micronutrient application. This particular work was initiated to characterize the soil and
recommend management practices for sustainable production of the crops.
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Key Outputs
o Zn, Fe and Cu were deficient in the soils of the project sites;
o The order for Zn and Fe sorption varied between soils of different sites;
o The soils of the sites were categorized under six soil units based on World Reference
Base;
o Application of NP as well as Zn and Fe had significant influences on the nutrient
concentrations in leaves and grains of different haricot bean varieties at three sites;
and Zn application has significantly increased the grain yield of haricot bean at
Zeway;
o Improved soil management through crop diversification and improved cropping
systems (intercropping and double cropping) has led to increased soil fertility and
pulse productivity;
o Grain yield reductions of 56, 44.5 and 28.2% were recorded in 1, 2 and 3 rows
intercrop, respectively, but efficiency was improved and 1:3 row ratio was 54% more
efficient than growing both crops in sole stand;
o There were significant yield differences among the chickpea and haricot bean
genotypes; particularly all the newly introduced haricot bean varieties outperformed
the local (Red Wolayita) variety at all experimental sites;
o Performance of chickpea is superior under maize-chickpea succession in double
cropping;
Publications
 Tamiru Hirpa, 2014a. Effect of intercrop row arrangement on maize and haricot bean
productivity and the residual soil, Global J. of Science Frontier Research: D, Agriculture
and Veterinary, 14 (4) version 1.
 Tamiru Hirpa, 2014b. Response of Maize Crop to Spatial Arrangement and Staggered
Inter-seeding of Haricot Bean, Journal of Agriculture and Crop Research, 2 (7): 143-151.
In preparation:
 Rediet Abera, Walelign Worku and Sheleme Beyene, 2014. Effect of Common Bean
(Phaseolus vulgaris L.) Genotypes Intercropped with Maize (Zea mays L.) on
Productivity of Components and Intercropping Efficiency, in Southern Ethiopia
 Wassie Haile, Sheleme Beyene and Tsegaye Neway, 2014. Effect of Zn application on
yields of the components crops under sole and intercropped haricot bean and maize at
Zeway and Butajira, southern Ethiopia.

 Abay Ayalew, Sheleme Beyene and Fran Walley, 2014. Characterization of Soils of


Some Selected Areas in southern Ethiopia.
Abay Ayalew, Sheleme Beyene and Fran Walley, 2014. Evaluation of zinc and iron
availabilities in soils of selected areas of Ethiopia for haricot bean production under
greenhouse condition.
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Soil Characterization and classification:
Soils of Hawassa Zuria, Zeway, Halaba, Taba, Jole Andegna and Alage were characterized by
excavating two pedons at each site. Fifty eight and 66 soil samples from the identified horizons
of the pedons and surface layers around each pedon, respectively, were collected and analyzed
for 16 parameters including; total nitrogen, available phosphorus, exchangeable bases (Ca, Mg,
K and Na), pH, electrical conductivity, soil particle size, calcium carbonate, micronutrients (Mn,
Cu, Zn and Fe) and organic carbon. The soils were classified according to the FAO World
Reference Base for soil resources.
The soils in all locations are very deep (>150cm), have well-developed structure and Bt
subsurface (argic) horizons indicating the occurrence of clay translocation within the profiles.
Calcium carbonate accumulations were found in Zeway, Alage and Hawassa Zuria soils that
resulted in occurrence of calcic subsurface horizons. The soils of the study areas have different
textural classes varying from sand to clay. The soils in all locations had pH>7.4, high base
saturation percentage (>60%) and electrical conductivity (EC) <0.8 dS/m, which is rated as low
according to Landon (1991). The organic carbon (OC) and total nitrogen contents of the study
sites were higher in surface than in the subsurface horizons. The cation exchange capacity ranged
from medium (5-25 Cmol (+)/kg of soils) to very high (>40 Cmol (+)/kg of soils).
Iron (Fe), zinc (Zn) and copper (Cu) were low in Hawassa Zuria soils, whereas manganese (Mn)
was high at surface horizons and low in subsurface horizons. In Taba soils, Cu was deficient
throughout the profiles, whereas Fe, Zn and Mn were high in the surface horizons and low in
subsurface horizons. In Huletegna Choroko soils, Fe, Cu and Zn were deficient, whereas Mn was
high in surface horizons and low in subsurface horizons. Soils of Jole Andegna contained low
Fe, but high Cu and Mn. The Zn content was high in the surface horizon but low in the
subsurface horizons. Generally, analysis of soil samples revealed low Fe (<4 ppm) and Cu (<2
ppm) contents at all sites, while Mn was low (<1 ppm) at Zeway and Alage. The Zn content in
soils varied markedly (0.17 to 2.30 ppm) but was very low (< 1.0 ppm) at Zeway, Alage and
Butajira sites.
The zinc sorption indicated different adsorption isotherm curves for soil from each of the six
research sites. The order for Zn sorption followed a trend of Zeway soil >Alage soil >Butajira
soil >Taba soil >Halaba soil >Hawassa Zuria soil. Both the adsorption maxima of Langmuir
isotherm (except for Zeway and Alage soils) and the proportionality constant of Freundlich
isotherm (for all soils) indicated that the zinc sorption capacity of the soils follow the
aforementioned order. Adsorption of Fe was higher for Taba soils and lowest for Zeway soils.
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Figure 4. Fe absorption of the experimental soils
Six soil units were identified based on morphological and analytical data according to the FAO
World Reference Base for soil resources (FAO, 2006). The soils were classified as Haplic
Calcisols (Humic) in Hawassa Zuria; Haplic Lixisols (Siltic) and Haplic Lixisols (Humic) in
Taba, Andic Lixisols (Humic) and Andic Cambisols (Humic) in Halaba, Luvic Calcisols (Siltic)
in Zeway, Haplic Calcisols (Chromic) in Alage and Haplic Luvisols (Humic) in Jole Andegna.
Soil fertility improving activities should be carried out in the study sites, particularly to improve
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Cu, Fe and Zn contents of the soils. Different types of soils might exist within and between
locations due to differences in ecology, geography and morphology. Therefore, detailed soil
characterization within and outside the sites will be required to draw sound conclusion on the
characteristics and types of soils in the southern region of the country.
Evaluation of zinc and iron availabilities in soils under greenhouse condition:
An experiment was conducted on soils collected from six locations (Hawassa Zuria, Zeway,
Halaba, Taba, Jole Andegna and Alage) to assess the availabilities of Fe and Zn to different
varieties of haricot beans. A randomized complete design (CRD) with seven treatments and three
replications was employed. The treatments included: (1) control, no nutrient application; (2)
application of only N and P; (3) application of N, P and Zn; (4) application of N, P, and Fe; (5)
application of N, P, Zn and Fe (6) application of Zn only; (7) application of Fe only.
Haricot bean varieties Nasir, Ibado and Hawassa Dume gave significantly higher yields than
Sari-I in Taba, while Nasir and Hawassa Dume gave significantly higher yields than Sari-I and
Ibado in Halaba and Jole Andegna soils. Sari-I performed poorly in all soils. There was
significant difference in leaf Zn concentration among haricot bean varieties, but no significant
difference in grain Zn concentration. In Jole Andegna and Halaba soils, all except Ibado gave
higher leaf Zn concentrations following application of Zn. However, Sari-I gave significantly
higher leaf Zn than the rest varieties due to treatment in Taba soils. The results indicated that
application of Zn fertilizer significantly increases Zn concentrations in haricot bean varieties.
Application of Fe has also significantly increased both leaf and grain Fe concentrations in
Halaba, and Fe content of leaves in Jole Andegna soils. However, the use of Fe fertilizer in Taba
soils did not influence both leaf and grain Fe concentrations (see progress report by Abay,
ANNEX 3-Booklet III: Summary of HU Conference Proceedings, Progress Report PhD).

The effects of NP as well as Zn and Fe fertilization on selected variety as well as four Feand Zn-efficient haricot bean (Phaseolus vulgaris L.) varieties:
An experiment was carried out to assess the effects nitrogen (N), phosphorus (P), iron (Fe) and
zinc (Zn) application on haricot bean varieties. Haricot bean variety, Hawassa Dume, was tested
for its response to NP, Fe, Zn, NP+Fe, NP+Zn and NP+Fe+Zn using randomized complete block
design at three locations (Halaba, Taba and Meskan districts). Number of branches per plant,
seeds per pod, and grain yield were at par (insignificant) in all treatments, although there was a
slight variation in grain yield due to treatments. The lowest grain yield (2.7 t ha-1) was recorded
from the control treatment, whereas application of 18 kg N and 20 kg P ha-1 gave the highest
grain yield of 3.0 t ha-1.
Four Fe and Zn efficient varieties (Ayenew, Melkie, Hawassa Dume and Red Wolayita) were
also tested for their response to NP, NP+Zn, NP+Fe and NP+Fe+Zn using RCBD at three
locations (Halaba, Taba and Meskan districts). There were variations between sites in biomass
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production and grain yields. The highest grain and total biomass yields of 3.19 t ha-1 and 5.93 t
ha-1, respectively, were obtained from Huletegna Choroko, whereas the lowest grain and biomass
were obtained from Jole Andegna. Fertilizer treatments had no significant effect on grain and
total biomass yields across location. The yield (grain and biomass) responses remained at par for
all fertilizer combinations. Analysis conducted on pooled data did not also indicate significant
interaction due to fertilizer by variety, whereas there were highly significant (p ≤ 0.001)
differences between varieties in grain yields. Hawassa Dume (3.13 t ha-1) and Ayenew (3.02 t ha1
) produced significantly superior grain yields (p ≤ 0.001) while the lowest grain yield (1.75 t ha1
) was obtained from Red Wolayita. The biomass yield of three varieties viz. Ayenew, Melke,
and Hawassa Dume were at par, while significantly lower biomass yield was recorded from Red
Wolayita (local variety).

The effect of rate and application methods of Zn fertilizer on the growth, yield and Zn
content of sole & Intercropped Haricot bean with Maize in Zeway and Butajira:
The effect of zinc fertilizer application on the yield and quality of sole and intercropped haricot
bean with maize was investigated in Butajira and Zeway locations in 2013 cropping season. The
results revealed that both foliar and soil applied zinc fertilizer has significantly improved the
yield and yield components of haricot bean in Zeway, but not in Butajira. Foliar and soil applied
Zn increased the grain yield of sole haricot bean by 40 and 45 % over the control, respectively, in
Zeway. On the other hand, zinc fertilizer has significantly improved the yield and yield
components of maize in both locations. Foliar and soil applied zinc increased the grain yield of
maize by 23 and 20%, respectively, over the control at Butajira site, whereas the corresponding
increases at Zeway were 80 and 158%, over the control suggesting that the soil zinc levels are
not sufficient for maize production in both locations. Analysis of land equivalent ratio (LER)
revealed that intercropping of haricot bean with maize had a mean LER of 1.42 indicating that
intercropping resulted in 42% increase in the yield than the sole crop of each crop.
Table 6 Effect of Zn fertilizer on grain and above ground biomass yields of sole and intercropped
Haricot bean at Butajira and Zeway
Butajira
Treatments

Biomass
Yield
t/ha
12.1
11.1
10.4
NS
8
3.4
3.5
NS
11

Sole Hb-Zn (Control)
Sole HB + Foliar Applied Zn
Sole HB Soil applied Zn
LSD (0.05)
CV (%)
Intercropped HB Foliar Applied Zn
Intercropped HB + Soil applied Zn
LSD (0.05)
CV (%)
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Zeway
Grain
Yield
3.5
3.3
3.1
NS
10
1.3
1.4
NS
7

Biomass
Yield

Grain
yield

3.6b
5.2a
5.1a
0.81
8.8
1.6
1.7
NS
15

2.0b
2.9a
2.8a
0.6
17
1.2
1.3
NS
16

Production efficiency of staggered sowing of haricot bean (Phaseolus vulgaris L.)
intercropped at different populations with maize:
On farm studies were conducted to determine the effects of intercrop row arrangements on the
performances of maize (Zea mays L.) and haricot bean (Phaseolus vulgaris L.) crops and the
residual soil at Halaba and Taba areas, southern Ethiopia. The results revealed that the grain
yield of the maize crop was highest in sole stand, which was statistically at par with the maize
grown in 1:1 ratio with haricot bean. There was 15.5% yield reduction in maize when the number
of haricot bean rows introduced between two maize rows increased from one to three,
attributable to aggravation of interspecific competition in the latter case. In the case of haricot
bean crop, compared to the sole stand, intercropping of one, two and three rows of haricot bean
between two rows of maize had resulted in yield reductions of 56, 44.5 and 28.2%, respectively.
Evaluation of the land use efficiency of the system in terms of land equivalent ratio (LER) has,
however, showed improvement across the cropping pattern, where by1:3 maize-haricot bean row
ratio gave 54% higher land use efficiency value than growing both crops in sole stand. Total N
content of the residual soil has also showed significant improvement due to the introduction of
the leguminous haricot bean into the cropping system (Tamiru, 2014a).
Field studies conducted to determine the effects of intercrop row arrangements and staggered
intercropping of haricot bean on the performances of maize crop at Halaba and Taba areas,
southern Ethiopia, revealed that there were significant effects of cropping patterns and staggered
inter-seeding of the legume component on growth and yield components of maize crop.
Significant interaction of row arrangement by intercropping time of haricot bean was observed
with respect to leaf area index (LAI) of the maize crop. Increasing trends of LAI of maize crop
were observed as inter-seeding of haricot bean was delayed for 3 weeks after maize (WAM) that
stabilized during the 6 WAM inter-seeding time. The overall maize stover production was on the
other hand significantly high at 1:2 row ratio and delaying of the under-sowing haricot bean in
the already established maize crop for 6 weeks, 10.94 t/ha and 11.39 t/ha, respectively. Maize
grain yield showed a significant variation with respect to the staggered sowing of haricot bean,
whereby the highest (3.99 t ha-1) being recorded when haricot bean intercropping was delayed
for 21 days after maize planting. The data of this study revealed that the larger maize plant
canopy providing larger photosynthetic area, attained when haricot bean inter-seeding was
delayed, probably resulted in higher grain yield of maize (Tamiru, 2014b).
Seven common bean genotypes were tested under sole and intercropping systems at Halaba,
southern Ethiopia during 2013 cropping season. A significant cropping system by genotype
interaction was observed for bean grain yield and two of the yield components. Relative yield
losses due to association with maize varied from 26% for genotype Sari-1 to 67% for Awash
Melka. Maize suffered smaller yield loss of 7% due to intercropping. All genotype associations
with maize had a total LER value greater than one showing an intercropping advantage but with
a huge variation amongst them. The total LER values ranged from 1.56 for genotype Hawassa
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Dume to 1.09 for Red Wolayita. The genotypes with greater LER values were not necessarily
high yielders under sole cropping because of the interaction. As a group bush and semi-bush
types had the highest intercropping advantage. None of the two export bean types had total LER
values in the top league. It is recommended that farmers should use genotypes such as Hawassa
Dume and Ibado and Awash-Melka under sole cropping while Hawassa Dume and Sari-1 are
better choices for intercropping (Rediet, Walelign and Sheleme, Research Booklet II, 2014).
Performance of chickpea varieties after maize and haricot bean at Damot Gale and Halaba
districts in SNNPRS:
Six nationally released varieties (Habru, Mastewal, Natoli, Arerti, Shasho and Ejere) and one
local variety were used to evaluate the influence of preceding crop on chickpea performance.
The trial involving a randomized complete block design with three replications at one farmer’s
field (after maize and haricot bean) and simple block design at six farmer’s fields (three fields
were cultivated for maize and the other three for haricot bean) in Halaba special district.
Varieties significantly differed in terms of yield and yield components under both maizechickpea and haricot bean-chickpea successions, whereby all introduced varieties were superior
and gave higher yield than local variety, except Shasho. The performances of all varieties
including the local were higher under “maize-chickpea” than “haricot bean-chickpea” double
cropping, which was attributed to higher pest incidence when chickpea followed haricot bean.
Thus, growing chickpea as double cropping after cereal crop is more advantageous in terms of
yield and cost of production.
Table 7 Grain yield (t/ha) of chickpea after maize and haricot bean in double cropping
Variety
Maize – Chickpea
Haricot bean – Chickpea
succession
Succession
Ejere
3.63a
2.12a
Natoli
3.56ab
2.03a
Habru
3.55ab
2.03a
Arerti
3.82a
1.86ab
Mastewal
3.80a
2.31a
Shasho
3.01c
1.48b
Local
3.01c
1.86ab
LSD(0.05)
0.47
0.47
CV (%)
9.06
16.29

The effect of wheat-common bean rotation and residue retention on the soil fertility, and
performance and quality of wheat at Taba, SNNPR:
The grain yield of wheat did not show significant differences among the treatments for all the
parameters analyzed. However, N and P contents were higher in treatments with straw
incorporation as compared to without straw incorporation. This shows that decomposition of
straw from previous pulse crop contributes to uptake of N and P in following crop. The content
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of Cu, Zn, Fe and Mn was also higher in treatments where straw was incorporated as compared
to treatments without incorporation of straw. Even though the content of micronutrients was not
significantly different, the greater content in straw incorporated treatments indicted that the
decomposition of straw contributes to micronutrient content as well. However, the protein
content in wheat grain did not differ significantly indicating that the release of nutrients was not
enough to transform into higher protein content of grains. This suggests that it might take a
longer than one season for the bean residue to decompose and release nutrients for higher uptake
by cereal crop.
The results of soil analysis indicated that K was high is soils where full bean residue was
incorporated as compared to other treatments. The residue incorporation also increased the Zn
content in soils as compared to other treatments. Iron content was lower in fallow treatment as
compared to other treatments indicating that the crop cover improves Fe availability. This
practice of pulse-cereal rotation can thus be of great importance in situations where soils are
inherently low in micronutrients and introduction of pulses can improve micronutrient content of
soils. As decomposition of residue takes time, the effect of decomposition of bean residue on
grain nutrient uptake and quality still needs further investigation. This experiment needs to be
continued for more years to determine the effect of bean residue on cereal grain quality over
period of time.
4.4. Objective 4: Evaluate the genetic variations of currently available varieties and
germplasm of chickpeas and Haricot beans, the environmental effects and the interaction
between genotype and environment on micronutrient, particularly Zn, absorption and
deposition in seeds on selected sites
Genetic and environmental response of chickpea to Zn concentrations:
Fifteen genotypes including Dessi (4 varieties), Kabuli (5 varieties) and introduced materials (6
Kabuli types) were evaluated in zinc deficient soils across different locations for two cropping
seasons during 2012/ 13. Based on the result across location, the highest grain yield was obtained
from Natoli variety followed by Butajira local and Arerti. The variety Arerti had the highest Zn
concentration in its seed, which was equal to that of FLIP07-27C and FLIP08-60C. The variety
FLIP08-60C also had highest seed Fe concentration followed by the FLIP03-53C and Arerti.
Out of the 15 introduced varieties, four (Buta-local, Shasho, Natoli and Cheffa) outperformed the
local check at Taba location, whereas none of the new varieties were better than local check at
Halaba. However, the yields of five varieties (Cheffa, Ejere, Mastawal, F11po7- 81c and
F11po3- 102c) were at par with that of local check.
The result of first season showed statistically significant yield differences among the genotypes.
Variety Mastewal gave the highest grain yield at Halaba and Butajira, while variety Natoli was
best at Taba. During the second season, varieties Mastewal and Natoli maintained their good
performances at Halaba and Butajira. There was also high yield variation between seasons,
where season two (2013) was relatively good year for chickpea, especially at Butajira (Progress
report by PhD student Legesse, 2014).
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Effects of Zn fertilizer application on growth, yield and Zn concentration of chickpea
varieties:
On-farm field experiments were conducted for two cropping seasons during 2012/13 at three
sites. Five varieties of chickpea - Mastewal, Natoli (Dessi types); and Arerti and Habru (Kabuli
types) and one local variety were evaluated with three fertilizer application strategies. Biomass
and grain yield significantly varied among varieties in different locations, but application method
did not influence biomass and grain yields at all locations. Highest aboveground biomass was
obtained from Arerti variety at both Butajira and Halaba locations, but Natoli performed
significantly better than other varieties at Taba location. Local varieties were least performing at
the three locations. Highest grain yield was obtained from the Arerti variety at Halaba (2490 kg
ha-1), whereas Natoli and Mastewal gave the highest yields at Butajira and Taba sites. Foliar
application of Zn at 0.5% ZnSO4.7H2O increased the Zn concentration in seeds at all locations as
compared to soil and seed application (Progress report by PhD student Legesse, 2014).
Evaluation of bean varieties of different maturity groups under different environment:
The performances of eight common bean (Phaseolus vulgaris L.) varieties were evaluated at five
locations in southern Ethiopia during the 2013 growing season. The study investigated the
magnitude and nature of genetic by environment interaction and the adaptation of genotypes to
wide and specific sites. The experiments were laid down in a randomized complete block design
with three replications. Combined analysis of variance and additional five statistical models were
used. Grain yield among the varieties, environments and genotypes by environment interactions
were significantly different (p < 0.01). The highest yielding varieties at Halaba, Dilla, Sodo and
Hawassa were GLP2 (2390 kg/ha), Ibado (2265 kg/ha), Hawassa Dume (2296 kg/ha), and Nasir
(2231 kg/ha), respectively. Varieties Ecab0056, Hawassa Dume and GLP2 were the most stable
and high yielding genotypes and can be recommended for wide range of environments. The
genotype Ibado is unstable, but specifically adapted to the Dilla site. The study showed that all
the statistical models were able to detect the variability in genotypes and their interaction with
the environment. Additive Main Multiplicative Effect was found to be the most powerful model
to evaluate stability of genotypes (see Temesgen Feyissa and Hussein Mohammed, Research
Booklet II, 2014).
Determinations of optimum Zn and P rates as well as moisture tolerance for chickpea
varieties:
Three chickpea varieties of Desi and Kabuli and types were treated with increasing levels of Zn
(0, 5, 10, 15, 20, 25, and 30 kg ZnSO4.7H2O ha-1). The results showed significant variations in
biomass, grain and seed zinc concentration among the varieties at all the three locations.
However, the rates of Zn application did not influence any of the measured parameters. Seed iron
concentration also did not vary among the varieties and response was not observed to Zn
application at all the selected locations. The variety Mastewal performed better at Jolle and
Halaba sites in terms of higher biomass and yield parameters, but the variety Habru was found to
have higher biomass at Taba site. Local cultivar found to be superior in seed zinc concentration
across locations, but Habru variety was the highest at Taba (Progress report by PhD student
Legesse, 2014, Appendix 3, Research Booklet III).
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The response of five chickpea (Cicer arietinum L.) genotypes to four rates of phosphorus (P)
fertilizer applications was studied at Huletegna Choroko and Taba kebele, southern Ethiopia
during the 2013 cropping season. The experiment was a factorial of chickpea genotypes (Ejeri,
Mastewal, Naatoli, Habru and Local check) and P fertilizer rates (0, 26, 46 and 66 kgh-1) in a
randomized complete block design with three replications. Chickpea genotypes and P fertilizer
rates showed highly significant differences (P ≤ 0.001) for all yield and yield components
studied except plant height and seed pod-1, which were significant at P ≤ 0.05. The interaction
effects of chickpea genotypes and P fertilizer rates, chickpea genotypes and locations, and P
fertilizer rates and locations were significant for Pod plant-1, biological straw and seed yield, and
Harvest index (P ≤ 0.05), except for seed yield and Harvest index, which were not affected by P
fertilizer rates and locations interaction. The highest yield (2.22 tons ha-1) was achieved by
genotype Mastewal with 20 kg P ha-1 at Taba with yield of 31.4% over control treatment. The
lowest yield (1.16 tons ha-1) was by the local check without P application. Genotype Ejeri gave
the highest yield (0.84 tons ha-1) at Huletegna Choroko with advantage of 23.9% (Adimasu,
Walelign and Tamiru, Research Booklet II, 2014).
Five chickpea genotypes, Natoli, Mastewal, Habru, Ejeri and Butajira Local were evaluated
under four moisture regimes: non water stress (full irrigation), water stress induced during
vegetative growth stage, flowering stage and seed filling stage. Factorial experiment, with 20
treatment combinations, a complete randomized design and three replications was used.
Watering during the different stages had significant effect on seed yield and yield components
(P≤0.001). The highest seed yield (6.22 g/plant) was recorded during full irrigation by genotype
Natoli and the lowest seed yield (0 g/plant) was obtained during induced stress at flowering stage
by all genotypes. During induced stress at vegetative growth stage, Natoli and Butajira local
produced the highest and lowest seed yield, respectively. Seed yield was reduced by 36.3, 100
and 79% during induced stress at vegetative, flowering and seed filling stages, respectively,
when compared to the seed yield of non-water stressed plants. Moisture stress during flowering
and seed filling stages severely affected seed yield and its components. However, moisture stress
at the vegetative growth stage had a pronounced effect on plant height. The different genotypes
responded differently to water stress. Among the five genotypes, Butajira local gave the highest
number of pods and seeds per plant than other genotypes. Natoli gave the highest seed yield and
Ejeri gave highest 100-seed weight. Water stress resulted in reduction of the various agronomic
parameters. Flowering and seed filling were the most sensitive crop growth stages to water
stress, hence supplementary irrigation would be required at water stress conditions for optimum
yield (Gele, Walelign and Berhanu, Appendix 2: Research Booklet II, 2014).
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4.5 Objective 5: Develop and Implement the use of additional and innovative strategies
within the agriculture-nutrition link to promote a wider pulse production and use of pulse
and non-pulse crops for improved food security and nutrition
Objective 5 draws upon evidence that nutrition education interventions can make significant
contributions to improving dietary behaviours when appropriate strategies are used. Specific
activities undertaken in this project include performing baseline studies, conducting communitybased interventions, and evaluating the results through formalized processes carried out to asses
effectiveness of the interventions on mothers knowledge, attitude and practice (KAP), and
children’s nutritional outcome, such as weight gain, a key indicator of nutrition outcomes.
Interventions were undertaken in several sires > 500 females and their youngest child <5 years)
participated in the design as treatments or as control.
Key Outcomes






Integrating nutrition education & training, alongside production of pulses has led to
improve dietary diversity and nutrition security
Innovative nutrition education strategies can improve nutritional status and feeding
practices, including action-oriented messages, conversation maps, follow-up group
meetings with women farmers, recipe demonstration, focus groups and audio visuals
Nutrition education and training with pulses have shown significant improvement in the
knowledge and skills of mothers and weight gains in children.
Innovative education materials and tools can enhance mother nutrition and food
preparation knowledge and skills, and to improve diet diversity of complementary foods
in Ethiopia

Publications

In-Press:
Alemzewed C. Roba, Kebebush Gebremichael, Gordon A. Zello, Susan J. Whiting, Carol J.
Henry, (2014) Nutritional status and dietary intakes of rural adolescent girls in southern Ethiopia.
Ecology of Food and Nutrition
Addisalem Mesfin, Carol Henry, Amy Kaler, Meron Girma, Susan Whiting. Use of pulse crops
in complementary feeding of 6-23 months old infants and young children at Taba kebele,
southern Ethiopia. Journal of Public Health in Africa
Canaan Negash, Tefera Belachew, Carol Henry, Afework Kebebu, Susan Whiting. Effects of
Nutrition education and introduction of broad bean based complimentary food on knowledge and
dietary practices of caregivers and nutritional status of young children in rural southern Ethiopia.
Food and Nutrition Bulletin
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In-Review:
Demmelash Mulualem, Carol J. Henry, Getenesh Berhanu, Susan J. Whiting. Effect of Nutrition
Education on Promoting Grain Legumes in Complementary Feeding in Wolayita, Southern
Ethiopia. Public Health Nutrition
B Tariku, SJ Whiting, D Mulualem, P Singh. Application of health belief model to teach
complementary feeding messages in Ethiopia. Journal of Public Health in Africa.
In Preparation:

D. Mogos and C. Henry, 2013. Empowering Rural Women to enhance Household Income
through Micro-business Creation: Marketing Food Formulation in Dora Bogena, Sidama Zone
and Southern Ethiopia: A Photovoice Study
Getahun Ersino, Carol Henry, Gordon Zello, Sub-optimal feeding practices and high levels of
undernutrition among infant and young children from rural communities of Halaba and Zeway
areas
Getahun Ersino, Gordon Zello, Carol Henry, Community-based nutrition education intervention
on promotion of pulses as part of healthy meals in pulses growing rural communities (south
Ethiopia)
Getahun Ersino, Carol Henry, Gordon Zello, Dietary practices, maternal undernutrition and child
stunting in rural communities of Halaba (SNNPR) and Zeway area (Oromiya Region), Ethiopia
Getahun Ersino, Gordon Zello, Carol Henry, Comparison of maternal and child nutritional status
in pulses or cereal growing rural communities of Ethiopia
Several Abstracts were presented and are listed in Conference proceedings; see Annex 1, List of
Invited presentations/Abstracts/Publications
Nutrition education strategies such as recipe-based complementary feeding practice led to
improve knowledge and practice of mothers with young children in Hula, Ethiopia. Two hundred
(200), randomly selected mother–child (aged 6 to 23 months) pairs participated in the 6 month
intervention. Mothers in this study received education session consisting of eight specific
messages using Alive and Thrive posters, demonstration and tasting of a local barley and maize
porridge recipe containing 30% broad beans with follow-up visits to their homes to address food
preparation and other concerns relative to the project. The control group lived in a different area
and had no intervention. Results showed that at 6 months, knowledge and practice scores
regarding complementary feeding were significantly improved (p < .001) in the intervention
group, but not in the control group. The intervention resulted in improvement of children’s
dietary diversity, as well as mean intake of energy and selected nutrients, compared with children
in the control group. Using multiple learning modes (recipe demonstration, taste testing, action
oriented messages and follow-up visits) is an effective approach to improving KAP for mothers
and nutrition outcomes for young children (Negash, et al, 2014).
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Eighty (80) mother-child pairs participated in this study, which was a quasi-experimental study
design (Demmelash, 2014). A comprehensive nutrition education intervention which involved
coaching, discussions, recipe demonstrations was given twice monthly for 6 months to the
intervention group only. Knowledge, attitude and practice (KAP) questions were assessed at
baseline, mid-line and end-line to mothers. Anthropometric measurements of the children were
made at the same time. The study showed that at baseline there were no significant differences
in KAP score of mothers about legume-incorporated complementary feeding. After 3 and 6
months of intervention mean KAP scores of mothers were significantly (p<0.05) increased in the
intervention group but not for controls. Significant (p<0.05) improvements in children’s mean
weight, which was seen in better weight for height (WHZ, wasting), and weight for age (WAZ,
underweight) indices after intervention compared to control children. The study showed that the
KAP of mothers on pulses-incorporated complementary feeding and the nutritional status of their
children were improved through a nutrition education guided by a theoretical framework (HBM
constructs), suggesting innovated strategies are needed to improve diet diversity of
complementary foods in Ethiopia.
Nutrition education materials –audio and video was also used in building a knowledge base for
women A total of 240 women divided equally into the audio and video group in a third study
designed to compare the impact of the various media on improvement in women’s nutrition
knowledge, including pulses. Women were selected randomly using family record of health post.
Pre, immediate and post intervention knowledge score was used as a control. Results from the
audio group a statically significant improvement of mean knowledge scores when compared with
pre intervention with mean score differences (SD) of 5.12(1.04) at immediate, and 3.69(1.76) at
end line,(p< 0.001). For video group result showed that there was statically significant
improvement of score when compared with pre intervention with mean score differences (SD) of
5.85(1.69) at immediate, and 4.19(1.94) at end line(p< 0.001). In addition, there was slightly
higher improvement of the score in the video group than the audio group with mean score
difference at the immediate intervention 0.80 and at the end line 0.58 (p<0.003). Findings
suggest that both Audio and video based nutrition education interventions can improve women’s
knowledge about nutritional value and health benefits of pulse. Video based nutrition education
offers slightly higher changes relative to audio based nutrition education. Thus audio and video
could be used as nutrition education to improve the knowledge and skills of women, however,
the cost of video production need to be considered (Freezer Abebe, 2014).
A study on “Dietary practices, maternal nutritional status and child stunting: A comparative
study in pulse growing and ‘non-pulse growing’ rural communities in Ethiopia” (Getahun
Ersino, 2014) employed a community based interventional study to document the linkage
between pulse agriculture and nutritional health among mothers and children in two of the
leading pulse growing communities Halaba and one mainly cereal growing community from
Zeway area, rural Ethiopia. The study first characterized the nutritional health of mothers and
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children (<5yrs) to find evidence of benefits of pulse production and consumption, second,
developed and implemented a community-based educational nutrition intervention that would
improve the knowledge and skills of pulse nutrition (and other foods) to affect change in attitude
and practice, which would further translate in a short and long term changes in nutritional status
among participants. Over 600 mothers and their youngest children (<5yrs) participated in the
study from the three communities (~200 mother-child pairs from each). Baseline results showed
moderate (14.1%) to high (22.7%) levels of maternal undernutrition (BMI <18.5) and very high
levels (54% and 42%) child undernutrition in both pulse and cereal growing communities.
The study showed that mothers overall knowledge of balanced diet increased from 23% at
baseline to 91% in the post intervention study which was much higher than the control group
(26% @ baseline and 46% @ end line). Knowledge about the nutritional benefits of pulses also
increased from 38% at baseline to 98% at end line in the intervention group, compared to the
control group (44% to 72%). Attitude to pulses food product consumption in subsequent period
also increased in the intervention group. Qualitative results from FGD with local farmers in the
intervention group also indicated stronger beneficial effect of the educational intervention in
terms improving the farmers’ preparedness to consume and produce more pulses in the
subsequent growing season.
Evidence from the above studies suggests that nutrition education programs can make significant
contributions to improving dietary behaviours when integrated with appropriate tools and
resources.
4.6. Objective 6: Develop, disseminate, and uptake promotion of healthy ecologies for food
security strategies
Key Outcomes






Trained farmers, extension personnel on the importance of incorporating best
management practices for pulses production, preparation, food security, diet and income
generation
A model of successful capacity building partnership for research, outreach and gender
mainstreaming utilizing a pulses-centered strategy to improve food security through
income generation and improved nutrition, and as well through student-led faculty
research, education and training.
Wide dissemination of research-up take

Various media outlet were undertaken to identify, create, represent, disseminate and enable the
adoption insights and experiences with a wide range of stakeholders. These include: i) research
reports, and research manuscripts in regional and international peer-reviewed journals, policy
briefs, and for local community distribution; ii) effective strategies to communicate between
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researchers, partners, and smallholder farmers; and iii) innovation platforms allowed partners to
meet periodically, assess project progress, identify key lessons learned and innovation developed
and shared best practices to wider users. Additionally, the results have been placed on the on
project Website, while documentaries were broadcasted using radio and television. There are
several manuscripts published, accepted and in press. A number are in preparation, including the
work of the four UofS -PhD students who are currently writing a Chapter based thesis (3-4
articles/ thesis). These are expected to be completed by June 2015 (agronomy, soil science and
2-nutrition).
Farmers Field Days: Farmer’s field days and farmers’ nutrition education and training were
held at the study sites. Field days were held twice at Halaba, Taba and Butajira. The first rounds
of field days were held in June 2013 to demonstrate the introduction of new haricot varieties and
intercropping with maize. The second rounds were held in November – December 2013 at the
sites to show the production and productivity of new chickpea varieties. The Canadian
Ambassador to Ethiopia H.E. David Usher; the delegate from Canadian Embassy; Program
Specialist from IDRC; UofS Faculty; Experts from regional, zonal and district Bureau of
Agriculture (BoA); Researchers from Ethiopian Institute of Agricultural Research (EIAR); South
Agricultural Research Institute (SARI); South Seed Enterprise (SSE); Farmers’ Cooperative
Federation FCoF); Farmers and Extension Agents participated in the field day organized on 21
November 2013 at Taba and Halaba sites. Similarly, Field Day was organized at Meskan and
Sodo sites on 14 December 2013, whereby representatives from EIAR, SARI, BoA, SSE, FCoF,
Farmers, Extension Agents and District Administrators participated.
International Conferences/Dialogues: Participation by the project scientists/researchers in
international conferences affords opportunities for sharing research outputs with other research
scientists seeking to address food, nutrition security and livelihood. To this end, members of the
research team have participated in several national and international conferences, as invited
speakers/ and presenters, in agriculture, food science, nutrition, market and social dimensions. In
2013, the University of Saskatchewan held the first International conference on food and
nutrition security. The event Linking Agriculture, Nutrition, and Health Conference 2013 From Field to Fork: Improving Human Nutrition in Vulnerable Societies using an AgroSystems Approach, February 6-8, 2013, brought to a successful conclusion the CIFSRF Call-1
Project: Improving Food Security in the Highlands of Ethiopia through Improved and
Sustainable Agricultural Productivity and Human Nutrition and provided the opportunity to
share the emerging results of the projects that sought to incorporate nutrition objectives into
agricultural interventions. This gathering of more than 120 participants (policy makers, planners,
CIFSRF research teams, graduate students, NGOs, and university personnel) explored ways to
synthesize the contribution of CIFSRF projects to nutritional outcomes and created a productive
forum to explore and share knowledge nutrition linkages in agriculture and food security
research. Seven media outlets covered participants interview, and observations shared widely of
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the stories and key findings from the various studies presented. Team members also contributed
(oral presentations, posters), International conference (IUNS 20th International Congress of
Nutrition, Granada (Spain, 15- 20th September, 2013), micronutrient fórum in Ethiopia and
Africa wide CIFSRF conference in Kenya. These global meetings have contributed critical
dialogue on pulses and other needed research to address the global challenges facing small
holder legume farmers in developing countries and in fostering the spirit of colaboration.
In addition a two-day conference and policy dialogue forum with the theme “Feed the plants to
feed people” was conducted on 28-29 August 2014 in Hawassa. The conference involved
relevant participants from regional level down to front line extension workers, and male and
female farmers. The policy dialogue was focused on high profile Federal and Regional policy
decision makers. A total of 65 participants including, State ministers, Director Generals, the
Canadian Ambassador to Ethiopia, Regional Bureau Heads and University Presidents were
among the policy dialogue forum participants. The forum enabled sharing of CIFSRF project
results and informing high level policy decision-makers possible policy articulation pertinent to
agriculture, food and nutrition security of the region (Appendix 3: Booklet III, Summary of HU
Conference Proceedings, Progress Report PhD).
Knowledge sharing also evolved through the collaborative work and HU capacity was
strengthened by considerable improvements in faculty expertise and laboratory facilities
(developed in part through this project and its predecessors). To this end cohorts of
undergraduate and graduate students, will continue to benefit from these resources beyond the
life of the project. This project and its predecessors have trained a large number of graduate
students. These MSc and PhD graduates, most of whom are or will be actively engaged in
industry, research, extension and teaching in Ethiopia will form a part of the generation of young
scientists experienced in advancing the agriculture-nutrition links. Of the 54 graduated MHN
students at HU since 2008, 28 are university lecturers, 10 work in healthcare settings, seven are
researchers, and five work in NGOs, all in Ethiopia. Four are PhD students (Saskatchewan,
Oklahoma, Jimma).
Website: We have created a publicly available Call-3 project without password protection of
access website to a data base of technical Reports, conference proceedings, abstracts,
publications, etc. making publications easily accessible to our partners and the public.
5.0 Synthesis of research towards AFS outcomes
New technologies and/or farming systems and practices:
There were five key objectives, which were linked to five innovations in the Annual Monitoring
Questionnaire, namely, health status & gender, micronutrient levels, soil quality, genetic
variations, and nutrition interventions for the project. The objectives and progress towards
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meeting them are described in section 4 (synthesis of research activities). The five categories of
innovations are described hereunder as new technologies and/or farming systems and practices;
diet diversity and nutrition (micronutrient levels & nutrition innovations), and food processing
and storage, and gender (health status).
 Development and implementation of the Gender framework to guide project implementation,
monitoring and evaluation
 Soil characterization and assessment of micro and macro nutrient levels in the soils of study
area;
 Field studies on the effect of Zn and Fe Fertilization, intercropping and double cropping on
nutrient uptake and soil quality;
 Evaluate the genetic variations of currently available varieties and germplasm of chickpeas
and haricot beans, the environmental effects and the interaction between genotype and
environment on micronutrient, particularly Zn, absorption and deposition in seeds;
 Through household food processing methods, the project improved the micronutrient profile
of new specialized nutritional foods made from pulse-cereal blend.
 Newly developed pulse-cereal blend food products to improved nutrient intake of young
children
 Technologies for social and behaviour change communication through education (nutrition,
agriculture) showed significant improvement in pulse preparation and consumption, as well
as income
Soil characterization and assessment of micro and macro nutrient levels in the soils of
study area
The soils of the research sites were not characterized prior to the onset of the project. A graduate
student was recruited to characterize the soils of the research sites and assess the nutrient status
in the soils. The soils of the research sites were categorized into six soil units following the FAO
World Reference Base for soil resources (FAO, 2006). A manuscript is prepared on
characterization and classification of the soils of the project sites (Abay Ayalew, Sheleme
Beyene and Fran Walley, attached). The work has generated basic information for other
researches in agriculture, although detailed characterization will be required due to varying
geography and ecology within and between the locations. The assessment of micronutrient status
revealed that Zn, Fe and Cu were deficient in the experimental locations. Following the results of
the study it was recommended that soil fertility improving activities should be carried out in the
study sites, particularly to improve Cu, Fe and Zn contents of the soils.

Field studies on the effect of Zn and Fe Fertilization, intercropping and double cropping on
nutrient uptake and soil quality
Application of Zn fertilizer significantly increased both leaf and grain Zn concentrations of
haricot bean in all locations. Leaf and grain Zn concentrations were increased with increasing
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levels of Zn fertilizer. Foliar application of Zn and Fe fertilizers can therefore enrich haricot bean
grains and leaves with Zn and Fe contributing to alleviate the deficiency of these elements in
human. Micronutrient fertilization is a new technology in Ethiopia in general and southern region
in particular. Applications of micronutrients (Zn and Fe) have been conducted for the first time at
these sites. The project has therefore generated data at the time when the Ethiopian Agricultural
Transformation Agency is developing the soil fertility map of the country and planning to put
different fertilizer blends on the market.
Although intercropping is a common practice at the sites, staggered sowing of haricot bean
intercropped at different population was introduced at two of the sites. The intercropping was
found to be more advantageous than sole cropping of either crop in terms of increased yield,
improved soil fertility and reduce risk of crop failure. Overall productivity per unit area increased
due to intercropping as compared to growing sole crop. For instance, compared to the sole stand,
intercropping of one, two and three rows of haricot bean between two rows of maize had resulted
in yield reductions of 56, 44.5 and 28.2%, respectively. Evaluation of the land use efficiency of
the system in terms of land equivalent ratio (LER) has, however, showed improvement across the
cropping pattern, where by1:3 maize-haricot bean row ratio gave 54% higher land use efficiency
value than growing both crops in sole stand. Total N content of the residual soil has also showed
significant improvement due to the introduction of the leguminous haricot bean into the cropping
system (Tamiru, 2014a & b).
Additionally, the genotype by cropping system interaction caused a moderate re-ranking of
genotype performance between the two cropping systems leading to differences in choice.
Genotypes such as Hawassa Dume, Ibbado and Awash-Melka are good choices under sole
cropping while genotypes like Hawassa Dume and Sari-1 are found to be best choices under
intercropping. Growth habit wise, bush and semi-bush types had better compatibility under
intercropping while performance under sole cropping did not fall to a specific growth habit
category. Though one of the two export genotypes has showed good performance under sole
cropping, none performed well under intercropping. This may be related to their growth habit since
both are semi-climbing types. Developing bush type genotypes of export bean may enhance their
performance under intercropping thereby improving their acceptance by farmers (Rediet, Walelign
and Sheleme, Research Booklet II, 2014).
Impact assessment at the end of the project indicated that farmers who had participated in growing
haricot bean as sole and intercropping within Call 3 project activities were able to generate on
average Birr 1,168 more than those who were not participated in the project activities, but had
practiced the same farming systems. In addition to the difference in area of cultivation, the
participating farmers have produced 2.23 t/ha haricot bean as compared to the average yield of 1.3
t/ha obtained by non-project participants (Impact assessment report).
The project introduced production of chickpea as double cropping in southern Ethiopia. This
resulted in increment of income for farmers using residual moisture on free land after removal of
the main crop and available slack labour. Double cropping of chickpea has increased the average
income of participating farmers by Birr 4,126 as compared to Birr 913 of the non-participants
(Impact assessment report, Appendix 3, Research Booklet III). The report further showed that
project participants produced 1.93 t/ha of chickpea as compared to the non-project participants
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who produced only 1.3 t/ha of chickpea. These show that the project has brought positive impact
in enhancing household income through introducing new varieties and farming systems.
In double cropping system, chickpea was introduced after harvest the major cereal crop in the
region. The performances of chickpea varieties in terms of yield and yield components were higher
under “maize-chickpea” than “haricot bean-chickpea” double cropping, which was attributed to
higher pest incidence when chickpea followed haricot bean. Thus, growing chickpea as double
cropping after cereal crop is more advantageous in terms of yield and cost of production. This has
been important information for farmers to look for early maturing cereal crops to be used on the
field before chickpea.
Evaluate the genetic variations of currently available varieties and germplasm of chickpeas
and haricot beans, the environmental effects and the interaction between genotype and
environment on micronutrient, particularly Zn, absorption and deposition in seeds
Through participatory varietal selection on farmer’s fields in the Southern Nations Nationalities
and Peoples Regional State (SNNPRS) and agronomic experiments, high yielding varieties have
been identified. Four haricot bean varieties were found to be adaptive and outperforming the
local variety at three study sites. Nasir, Ibado and Hawassa Dume were found to be better haricot
bean varieties in yield in Taba, whereas Nasir and Hawassa Dume in Halaba and Andegna Jole
(Report of Abay). Performance of bean genotypes varied from location to location indicating
their interaction is highly variable. Therefore there is a need to look the best fits of genotypes to
the specific environment. Based on the different stability parameters, genotypes Ecab0056,
Hawassa Dume and GLP2 were high yielders and the most stable genotypes across locations.
They can be cultivated in wider areas and sustain only small yield loss. But genotypes like Ibado
which performed better in Dilla are specific and recommended to be grown to that specific site or
similar agro ecologies (Temesgen and Hussein, Annex 2; Research Booklet II, Improving
Nutrition in Ethiopia through Plant Breeding and Soil management & Promotion Adaption of
chickpea technology in southern Ethiopia: Compiled MSc work as Scientific Writing Report,
2014).
Four of the fifteen introduced varieties outperformed local chickpea variety in one study site. Arerti
and FLIP07-27C varieties were recommended for seed zinc concentration, whereas FLIP08-60C
and FLIP03-53C were preferred for Fe content in their seeds at the study sites. However, Natoli
was found to be the best in terms of grain yield. The Zn application methods indicated that foliar
application of 0.5% ZnSO4.7H2O, three times (spraying at early vegetative, flowering and pod
filling stage) during the cropping season increased Zn concentrations in both varieties. In addition,
it was observed that variations in growth, yield or micronutrient concentration were due to
difference in varieties, but not soil Zn application (Report of Legesse, Annex 3, Research Booklet
III).
New varieties of chickpea and haricot bean varieties have been introduced to the project sites.
Pulse productivity was increased through introduction of high yielding varieties together
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improved practices and micronutrient fertilization resulting in increased income of farmers
participated in the project activities (Impact assessment report, Appendix 4).
Dietary diversity & nutrition. Lack of diversity is a critical issue especially in developing
countries where diets consist mainly of starchy staples, with less access to nutrient-rich sources
of food such as animal proteins, pulses, fruits and vegetables. Evidence is clear that increasing
the consumption of a variety of foods across and within food groups, and within varieties is
likely to ensure adequate intake of essential nutrients and important non-nutrient factor. Studies
have also shown that dietary diversity is associated with child nutritional status and growth and
with socioeconomic status. Links between socioeconomic factors and nutrition outcomes are
well known. In our project, a study (Lombamo, 2013) compared the diets of mothers and
children in mainly cereal growing (Zeway, n=200) communities and pulse growing (Halaba,
n=200) communities in two of the study sites. Dietary diversity scores (DDS) were assessed
using FAO guidelines. Median intakes of Fe, Zn and protein were determined from weighed food
records representative of weekly intake. Maternal undernutrition was set at a BMI<18.5 and
WHO guidelines were used for stunting, wasting and underweight in children. Study found that
participants from the pulse growing communities, particularly mothers, had a higher median
intake of protein and the other micronutrients (Fe, Zn & Ca) even though there wasn’t difference
in the median DDS between the groups from the two places. Animal consumption was minimal.
Median DDS for mothers and children (6-60mth) based on 9 food groups, was 3 for both
Communities. Consumptions of dark green leafy vegetables and to some extent pulses were
particularly higher for mothers and children from the pulse growing communities and
contributed to the dietary diversity in these communities. These analyses showed that the
increases in nutrient intakes and adequacy that accompany increases in diversity result both from
increased total intakes and from increases in the nutrient density of the diet. Other studies
conducted have shown that improving mothers’ nutrition education and food preparation
practices leads to better feeding practices for young children.
Engagement of Canadian researchers with Southern researcher organizations (for
CIFSRF-funded projects only). Is there increased use of Canadian knowledge and resources to
address environmentally sustainable agricultural productivity and nutrition problems in
developing countries?
Both partner universities have been engaged in collaborative work and utilizing a studentdriven–faculty research MODEL. The project has employed a multidisciplinary, multisectoral
partnership, involving crop scientists, agronomists, nutrition and food scientists, economists, and
social scientists/gender specialists to address its key objectives. The collaboration between the
UofS and the HU has a 17 year history. This long-term relationship has resulted in a successful
partnership network system based on trust, mentorship, and applied research, instrumental to
bringing about real change. The skills of Ethiopian professionals and the physical capacity of HU
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are improved as a result of this collaboration, resulting in improved production and nutrition
strategies well-suited for the highlands of southern Ethiopia and farmers and their households
(men, women, and children).
Research groups. How is the project contributing to stronger research groups for improved
food security policies and decision-making?
As indicated previously, the project employed a multidisciplinary, multisectoral partnership,
involving crop scientists, agronomists, nutrition and food scientists, economists, and social
scientists/gender specialists from both partner region to address its key objectives. Both
partnering institutions are recognized for excellence in crop production/breeding and in human
nutrition in their respective countries. The UofS is a leader in pulse breeding/agronomy across
Canada and worldwide. HU has a competent Agricultural College in the country and is located in
a major crop production area of Ethiopia, where a wide diversity of food crops is produced;
faculty exchanges to the UofS by agronomists and soil scientists have allowed these researchers
to work alongside and independently with UofS researchers thus gaining mutual benefits.
The School of Nutrition, Food Science and Technology at HU is now one of the two Centers of
Excellence for human nutrition in Africa. The UofS has contributed to this achievement as a key
partner in nutrition (Henry, et al., 2013). Faculty from the Division of nutrition, UofS, has been
involved in shaping the nutrition curriculum since 2007. More than 60 students have graduated
from the program and are now contributing to building the national nutrition agenda as educators
(higher education), public health professionals and nutritionist. UofS faculty assumes
responsibility for guiding PhD and MSc graduate student research on the project. HU staff also
co-supervise the MSc students and thus build staff capacity. On the other hand, the PhD students
in agriculture are jointly supervised by HU and UofS faculty. This has strengthened the
collaborative work between the faculty of both intuitions and enhanced experience sharing.
Canadian partners have also benefited from this exchange. The project brings together a diverse
and experienced Canadian team to jointly address the challenges of improving food and nutrition
security, for improved food security policy and decision-making.
Food distribution. How is the project contributing to more equitable food distribution for food
security?
Not applicable
Food processing and storage. How is the project contributing to improved food processing and
storage for food security?
The main focus of this project has been to address food processing by improving the nutritional
profile, nutrition and skills on women. Using indigenous knowledge to address food security
shortage remains a powerful means of sustaining household food security among rural
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Ethiopians. In rural Ethiopia women are often responsible for food processing and storage,
collection of water and firewood and generating livelihood. Processing of pulse crops using
indigenous techniques such as roasting, soaking, drying or fermentation is seen as the women's
task in rural Ethiopia. Indigenous pulses foods contribute to diversify the diet of rural people in
normal times and are crucial to their survival during times of food shortage. To this end the
project is helping to enhance women’s indigenous knowledge and skills about food processing
and storage as an effective means to achieve household food security in rural Ethiopia.
Risk-mitigation. How is the project contributing to better risk-mitigation for food security?
The studies involved in this project included intercropping and double cropping. Intercropping
haricot bean with a cereal crop leads to increased yield per unit area, improved soil fertility and
reduce risk of crop failure. Additionally, by practicing double cropping, the farmers still have an
opportunity to produce a crop in case the first crop fails due to drought or any other environmental
factors. Chickpea productivity was increased through introduction of high yielding varieties of
chickpea, which doubled grain and biomass yields. This has realized the regional advantage of
chickpea as second crop: more harvest and/or mitigating risk in case the preceding crop failed.
Access to resources. How is the project contributing to improved access to resources for food
production and security? For example, land tenure, extension and credit, market access.
The study on pulse value chain analysis in selected woredas of Southern Ethiopia and constraints
for livelihood improvements and export development was expected to provide import insights
with recommendations for improved access to resources for food production and security.
Growing chickpea as double cropping allows farmers to utilize land, which otherwise would be
idle till next rainy season. Therefore, the project allowed farmers to better utilize their land.
Income generation. How is the project contributing to improving vulnerable/poor people’s
ability to purchase more and better quality food, in particular for the benefit of women and
children?
The project is aimed at improving the productivity of pulses, which are known as “poor man’s
crops”. Growing high yielding varieties with better management will enable the vulnerable/poor
farmers to get more protein for themselves. This is particularly important for the family of the
poor, as they are totally dependent on plant protein. The farmers will sell what ever produced in
excess, is verified by the project’s market and consumer studies report shortly. Growing
chickpea after harvesting cereals (as double crop) will create additional income. Improved
chickpea varieties have helped farmers intensify (double cropping) and diversify cropping
systems in the project sites. At Halaba site for example, farmers increased their household
income by 520 Birr (US$28). This additional income was obtained from chickpea production,
which was nil before the intervention. A market analyses conducted showed that farmers
channelize their grains to different market channels. Farmers participating in the project
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contributed about 73% of the total amount (9,181 dt) of chickpea that was transacted across the
region in 2012/2013. This is significant given that they haven’t sold any chickpea seed in the
previous year. In another project sites, Damot Gale, Sodo and Meskan, income from chickpea
accounted for 21%, 22% and 17% of total farm income respectively, where increments were
obtained through introduction of high yielding varieties. Further increasing crop area under
chickpea can improve household income and hence their buying power (Tewodros, 2014)
Policy options. How is the project influencing the development and implementation food
security policies?
Findings from the studies and extension activities undertaken in this CIFSRF project will be
shared with decision makers at various levels- national, regional and local levels, using a variety
of media (published and reports). Field days were conducted, wherein experts from regional,
zonal and district levels participated. A joint project on pre-scaling up was also initiated and the
stakeholders from Ministry of agriculture and research centres have joined HU and UofS in
implementing the activities related to this project. This project brought the policy makers on
board and expected to modify the policy in terms of pulse policy and food security, particularly
on chickpea that is considered as important commodity by policy makers. Workshops on gender
and nutrition brought together policy makers from different disciplines .This helped development
and implementation of the policies leading to better nutrition and improved food security.
The policy dialogue, wherein high level policy decision makers from federal to regional level
participated, enabled the project to share results and experiences, which were taken for common
understanding for further expansion through more partnership, institutionalization and articulation
of policy perspectives (Annex 3: Booklet III: Summary of HU Conference Proceedings, Progress
Report PhD).
ICTs. Has the use of ICTs contributed to increase access to information and improved food
security for the most vulnerable?
Not applicable
Gender. The [project team embraced the goals of gender mainstreaming by undertaking
activities’ that would likely contribute to gender and social equity. Successful development and
adoption of zinc fortification of chickpea was dependent on a gendered perspective. Gender
issues became very important especially as the team sought further understanding of the
gendered role of men and women especially in the allocation of household resources and in
decision-making. The gender –nutrition workshop was a crucial step in addressing such
concerns. Gender concerns in food processing and preparation were also highlighted. Women’s
preference helped to define and develop education messages and their effectiveness and ultimate
acceptance on young children. Given the important roles that women play in agricultural
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production in general and pulse production in particular, there is a need for continued focus on
the role of women when seeking to address food and nutrition security.
Environment. The project has promoted environment friendly best practices to improve soil
health. The project focuses on indigenous management practices with low external input. These
include inclusion of legumes, chickpea and haricot bean, in intercropping and double cropping
farming systems, respectively, and thereby reduced the use of chemical fertilizers. Pulses fix
atmospheric nitrogen and hence help reduce input of synthetic nitrogen fertilizers. Growing
chickpea and haricot bean as a double cropping and intercropping respectively and including them
in the rotation improves soil health while ensuring sustainability. Additionally the residue
management in crop rotation have contributed to improvement of soil quality and thereby better
preservation of the environment. The practices also indirectly reduces sales of fuel woods and
residues by farmers contributing to better stability of the environment.
6.0 Problems and Challenges
Much of the challenges experienced were overcome, they did not hinder us from completing the
projects’ objectives
7.0 Recommendations
The project has delivered excellent results both in areas of agricultural productivity and human
nutrition. It has been exemplar in linking soil-plant-human nutrition and improving the income of
smallholders within a short intervention period. As has been recommended by the Conference
and Policy Dialogue at the end of the project, we strongly suggest the scaling up of the best
results to wider areas within the region and the country at large. The experience from PACT
project present pre-scaling up showed that it is vital to work with the appropriate government
sector for effective implementation. Consequently, we therefore recommend involvement of the
appropriate stakeholders, particularly owners of the activities, to get involved in planning and
execution of any scaling up projects.
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Annex 1: List of Invited Presentations/ Abstracts/ Publications
Invited Presentation
Abstracts- Presented and listed in Conference Proceedings
1. Negash C; Whiting S; Kebebu A; Belachew T; Henry C. Effect of broad bean based
complementary food on nutritional status of young children in Hulla, Teticha kebele.
IUNS Granada Spain, September 16-20, 2013.
2. G A. Zello, S J. Whiting, A. Kebebu, A. Mesfin, K. Gebremichael, A C. Roba, W J. Dahl,
J. Jaffe, A. Kaler, C J. Henry. Increasing pulse intake to reduce malnutrition in traditional
pulse growing regions in southern Ethiopia. IUNS Granada Spain, September 16-20, 2013
3. Getenesh Behanu, Addisalem Mesfin, Debebe Moges, Carol Henry, Susan Whiting.
“Household food processing methods to decrease phytate content and enhance iron and
zinc bioavailability in formulated haricot bean and maize complementary food “
Micronutrient Forum Global Conference, June 2-6, 2014 “Bringing Discovery &
Delivery”, Addis Ababa, Ethiopia,
4. Hiwot A Hailelassie, Carol J Henry, and Robert T Tyler. Household Food Processing
Strategies to Improve Bioavailability of Iron and Zinc in Chickpea and Haricot Bean
Based Ethiopian Dishes- Micronutrient Forum Global Conference, June 2-6, 2014
“Bringing Discovery & Delivery”.
5. Hiwot A Hailelassie, Carol J Henry, and Robert T Tyler, Impact of household food
processing strategies on mineral and anti-nutrients in Chickpea: Review. Micronutrient
Forum Global Conference, June 2-6, 2014 “Bringing Discovery & Delivery” Addis
Ababa, Ethiopia,
6. Getahun Ersino, Carol Henry, Gordon Zello. Dietary intakes Fe, Zn & protein and
anthropometric measures of mothers and children living in pulses or cereal-growing rural
communities of Ethiopia. Micronutrient Forum Global Conference, June 2-6, 2014
“Bringing Discovery & Delivery”, Addis Ababa, Ethiopia
7. Getahun Ersino, Carol Henry, Gordon Zello. Maternal and child anthropometry depicts
high levels of chronic energy deficiency & child stunting in pulse growing communities:
The case of Halaba Woreda, south Ethiopia. Revised National Nutrition Program (NNP)
Launching Workshop, June 24-26, 2013, Addis Ababa, Ethiopia.
8. Getahun Ersino, Carol Henry, Gordon Zello. Sub-optimal feeding practices and high
levels of undernutrition among infant and young children from pulse-growing
communities of rural Halaba, South Ethiopia. “Ensuring Development through Research
and Community Service”, May 01-02, 2014 Third National Workshop, Wolaita Sodo
University, Wolaita, Ethiopia.
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9. Canaan Negash. Effect of nutrition education and introduction of broad bean added
complementary food on dietary practice and nutritional status of young children in Teticha
Kebele, SNNP. Launching of the Ethiopian National Nutrition Program. June 2013 ,
10. Wondwosen Tena. Growth and yield response of chickpea (Cicer arietinum) to seed
inoculation with various Rhizobium strains in southern Ethiopia. Chickpea International
Workshop "Harnessing Chickpea Value Chain for Nutrition Security and
Commercialization of Smallholder Agriculture in Africa. 31 January - 2 February, 2014
11. Tewodros Tefera. Chickpea value chain analysis in selected districts of southern region: A
Case of CIFSRF Call 3 Project. Chickpea International Workshop "Harnessing Chickpea
Value Chain for Nutrition Security and Commercialization of Smallholder Agriculture in
Africa. 31 January - 2 February, 2014.
12. Afework Kebebu. Formulation of a complementary food fortified with broad beans in
Southern Ethiopia. Micronutrient Forum Global Conference, “Bringing Discovery &
Delivery” United nation Economic Commission for Africa, June 2-6, 2014Addis Ababa,
Ethiopia
Abstract for the Global Food Dialogue, University of Alberta
13. Carol Henry, Sheleme Beyene, Atul Nayyar (2014). Harnessing pulse for linking
agriculture and nutrition and ensuring food security. Food Security Dialogue, Edmonton,
UofA, Canada, April 30-May 3, 2014.
14. Gordon A. Zello, Getahun Lombamo, Nigatu Regassa, Carol J. Henry High Prevalence
of Maternal and Child Undernutrition in Both Pulse and Cereal-Growing Rural
Communities of Southern Ethiopia, Food Security Dialogue, Edmonton, UofA, Canada,
April 30-May 3, 2014.
15. Susan J. Whiting, Canaan Negash, Demmelash Mulualem, Afework Kebebu, Addisalem
Mesfin, Carol J Henry. Improving complementary foods in Ethiopia by adding locally
grown pulses and nutrition education on mothers’ practices and children’s nutritional
status. Food Security Dialogue, Edmonton, UofA, Canada, April 30-May 3, 2014.
16. Benyamin Tar’an, Molla Mengistu, Walelign Worku, Sheleme Beyene, Fran Walley and
Carol Henry. Improving Food Security and Human Nutrition in Southern Ethiopia through
Plant Breeding, Agronomy and Soil Nutrient Management of Pulse Crops (from CIFSRF
Call 1). Food Security Dialogue, Edmonton, UofA, Canada, April 30-May 3, 2014
Publications
Tewodros Tefera. (2014). Determinants of smallholder pulse market orientation in Southern
Ethiopia. Asian Journal of Business Management, 6(2): 97-103.
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