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Using Improved Pulse Crop Productivity to Reinvigorate Smallholder
Mixed Farming Systems in Western Kenya

Principle Investigator
Julie Lauren, Cornell UniversityJSA

Collaboratoring Scientists
John Ojiem,KARI, Kenya

BethMedvecky, Cornell, USA Martins OdendoKARI, Kenya

Alice Pell, Cornell, USA Samuel MwongaEgerton, Kenya
John Duxbury,Cornell, USA John OkaleboMoi University, Kenya
Peter HobbsCornell, USA John Nderitu,UNairobi, Kenya
Rebecca StoltzfusCornell, USA James MuthomiUNairobi, Kenya
Christopher BarrettCornell, USA Robin BurucharaCIAT, Uganda

Abstract of Research Achievements and Impacts

A second Short Rainsong Rains cropping cycle was completed in the South Nandi
region of Western Kenya focusing on crop vigor enhancing strategies that improve
production of staple crops, maize and bean, while also introducing a new multipurpose
grain lequme Lablab purpureuswith good potential for improving household food
security and addressing soil degradation. Major activimesFY10 have included:
participatory evaluation of vigor enhancing strategies by 70 collaborating farmers across
a solil fertilty gradient; training and efarm testing of the strategies by 175 farmers
associated with NGO/CBO groups in Busia, Teso, Butula and Vihiga districts; facilitating
exchange visits to promote farmer learning & knowledge sharing; implementation of
researchermanaged replicated experiments at 4 sites across the gradient; and
technical/financial support for 6 students (3 women, 3 men) pursuing Masters degrees at
Kenyan universities.

Short Rains 20090 results were consistent with those obtained last yegritelésgher

than normal rainfall due to El Nino climate conditions and intense disease/pest pressure.
Averaged across all verification trials, farmers were able to realize a 15% vyield increase
by substituting improved bean variety KK8 for their own varidy substituting KK8

and adding TSP fertilizer, farmers were able to achieve @24 yield gain. Lablab grain
production in 2010 was variable due to the climate and severe halo blight (replicated
experiments). Nevertheless at 3 of the sites, unfertilaieldb grain yields ranged from
677 to 1200 kg/ ha and were 1.4 to 2.2X
Phosphorus fertilizer increased lablab grain and biomass productivity, although the effect
was not as pronounced as with beans.

During theLong Rains season, farmers were able to make substantial gains in maize
productivity by utilizing the alternative fertilization strategies particularly incorporated
lablab residues or Y2 composY> DAP. Maize yield gains relative to farmer practices
were geatest at the low soll fertility site (ZB%) and smallest at the high soil fertility

site ¢2-10%). In the replicated experiments incorporated lablab increased intercropped
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bean yields by 22% but in most of the farmer verification trials, lablab resudidenot
increase yields relative to farmer practices. We hypothesize that residue
management/placement differences explain these results.

During the 2010 exchange visit&armers reported using some or all of the vigor
enhancing strategies on othertpaf their farms. Within the Kapker&oibem exchange
group, 32% of the participants had upscaled boma compost, 40% were using KK8 beans
instead of local varieties, 75% were growing lablab and 8% were following improved
spacing/seed rate strategies. Barnanpost was being used by 42% of farmers from the
KiptaruswaBonjoge exchange group; KK8 bean and lablab were being grown by 38%
and 80% of the farmers, respectively.

Five Masters students enrolled at either Moi University or Egerton University have
competedtheir Masters degrees or are in the process of finalizing their thesisupsite

Two new students were recruited for Masters degrees at Moi University and the
University of Nairobi with FY10 HC Capacity Building funds support.

Project Problem Staement and Justification

Many rural households in the East African highlands are no longesugétfient in

beans, a critical source of food and i ncome
coupled with continuous cropping on ever shrinkingdléwoldings, has led to degraded

and infertile soils and a concomitant decline in crop vigor, pest and disease tolerance and
overall system productivity.

Low bean and maize productivity in Western Kenya is related to both soil fertility and
biological congraints. Legumes can be important options for rebuilding soil fertility but
poor utilization of applied P fertilizers, conflicts between soil renewal and immediate
food and income needs and low fixed nitrogen returns from many grain legumes have
limited expected returns. Additional production constraints and risks for beans in Western
Kenya are presented by diseases and pests. We hypothesize that practices that promote
vigorous establishment of pulse crops leads to increased pest/disease resistance,
improvad N fixation, and nutrient accumulation, which ultimately reduces risk, benefits
system productivity, food security and human nutrition.

Consumption of pulses is essential for addressing iron deficiency, anemia and stunting
caused by inadequate intakeszofc. Recent national or regional level food composition
data on the mineral nutrient content of staple food products, including iron and zinc, are
often unavailable forcing researchers and policy makers to rely on international databases
that do not adagptely represent local environmental conditions, varieties, etc. Mineral
nutrient contents of major foods grown under a representative range of smallholder
farmer conditions are needed to develop local food composition tables and to determine
food system atrient outputs.

Determining how to effectively increase productivity of seriously degraded soils and to
maintain the fertility of still productive lands is of paramount importance to all farmers
living in the East African Highlands. To achieve this outcome, farmers aedtists

need to form genuine learning partnerships. Providing opportunities for current and future
scientific leaders to gain experience and expertise with participatory research and
development approaches also are an essential part of the educatioss.pildoese
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experiences will help students and research scientists to understand that adoptable and
sustainable technologies are those that reduce risk and effectively address farmer
constraints and resource levels.

Planned Project Activities for April 1, 2009- September 30, 2010

Objective 1: : To develop and assess farmer capacity for improving vigor and growth of
pulse crops on nutrient accumulation, pest/disease resistance and system productivity
across a soil degradation gradient.

Approaches andMethods:
1. In Community Farmers Meetings/Training Sessions
2. On Farm Verification Trials

Results,Achievements and Outputs of Research:

1. In community meetings/trainingsDuring both the Short Rains (SR) and Long Rains
(LR) seasons of FY10, KARI field staff conducted numerous meetings in the South
Nandi project area to educate farmers within the initial core groups and interested farmers
in the surrounding communities1dhe use of vigor enhancing strategies (seed priming,
root rot tolerant bean germplasm, boma compost, Triple Super Phosphate (TSP) &
Minjingu Rock Phosphate (MRP) fertilizers, combining inorganic + organic fertilizers
and multipurpose lablab); to facilieafarmer testing of these strategies (supplying seed &
fertilizers, hand®n demonstration) and to promote farmer learning through exchange
visits and knowledge sharing with scientists, university faculty and students. KARI
scientists also attended aradl Isimilar programs with the three NGO/CBO organizations
(REFSO, ARDAP, AVENE) and their lead farmers (see Objective 2, Activity 1 below).

2. On farm verification trial§ During FY10, the project continued support for on farm
verification trials acrosshe established soil fertility gradient sitesKdpkerer (low soil
fertility), Kiptaruswo (lowmedium soil fertility), Bonjoge (medium high soil fertility)
and Koibem (high soil fertility).

A total of 70 farmers participated in lablab and common beaification trials during

the Short Rains 20090 including an additional 20 farmers from the surrounding
communities. Farmers selected root rot tolerant KK8 bean and/or lablab treatments
according to their interests and available resour€g/-eight famers compared their

own bean varieties and planting practices to the following treatments: unfertilized KK8
beans, bean seed priming, KK8 fertilized with 20 kg/ha P fertilizer MRP or TSP, or a
combination treatment that included both priming and P featibn. Fifty-six farmers
experimented with various strategies for growing lablab. Farmers compared a control plot
of unfertilized and unprimed lablab to various treatments including lablab seed primed,
lablab planted with 20 kg/ha P fertilizer (TSP, MR&)d lablab primed and planted with

P fertilizer. The 3 treatments that were tested by the largest numbers of farmers were TSP
(55 farmers), priming (44 farmers) and TSP+priming (43 farmers).

During LR 2010, 58 farmers conducted a final round of verificatrials on alternative
fertilization strategies for their main maibean intercrop- 13 farmers in Kapkerer, 14
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in Kiptaruswo, 19 in Bonjoge and 12 in Koibem. Farmers tested the following treatments,
according to their interests and resources: (Unae targeted and concentrated
application of DAP (1 level soda cap /plant); (2) compost applied in the planting furrows
(three- two kg cooking fat containers/6 m row); or (3) a half dose of compost mixed with
half the amount of the DAP applied in treatth&l; (4) a lablab residue treatment that
consisted of all lablab residues (less any harvestable grain and pod) produced in situ the
previous season, incorporated into the soil several weeks before planting; and (5) a half
lablab DAP treatment with hathe quantity of residue used in treatment #4 combined
with half the quantity of DAP used in treatment #1. Farmers compared the above
treatments to their own fertilization strategies which mostly consisted of low application
rates of diammonium phosphd@AP) fertilizer spread thinly over a larger area. Several
farmers used compost, manure or no fertilizer at all. Each farmer used his or her own
maize and beans spacing method in their farmer practice plot, while both maize and
beans were sown at the reaoended spacing in all of the verification plots.

Farmers used their own seed of their preferred bean and maize varieties in the LR trials.
For beans, 89% of the farmers preferred KK8 beans. For maize, farmers chose either
early or latematuring hybrids otheir own local landraces, depending on the community.
Late maturing hybrids were most important at Koibem (92% of farmers) and Kiptaruswo
(72%), the two communities that have a more maokieinted agriculture. In contrast,

local landraces were more imgpant in Kapkerer (60%) and Bonjoge (62%). At
Kapkerer, approximately 20% of the participating farmers chose to plant early maturing
maize hybrids, possibly because this is a community where farm sizes are small and
households are more food insecure.

The results from the SR and LR farmer verification trials are detailed below (Objective 2,
Activity 2).

Objective 2 To disseminate and evaluate through participatory approaches simple, low
cost strategies for vigorous establishment/growth of pulse cemmling to increased
system productivity and sustainability.

Approaches and Methods:

1. Collaborations with NGO and farmer groups

2. Crop performance evaluation and in season exchange visits

3. Develop and distribute projectlated training materials

4. Complete socioeconomic survey and continue to monitor technology diffusion trends

Results, Achievements and Outputs of Research:

1. Collaborations with NGO and farmer grouipdhe project continued to support two

NGOs (ARDAP and REFSO) and one CBOVENE) working with farmers to scakp

and disseminate vigor enhancement strategi e
responses to these strategies in Busia, Teso, Butula and Vihiga districts of Western
Province. During FY10, ARDAP conducted farmerification trials and seed bulking

activities, while REFSO concentrated on bulking bean and lablab seed in readiness for

farmer testing. AVENE activities mainly consisted of farmer verification trials. In all
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cases, treatments for the verification triaksre selected by the farmers according to their
interest and available resources and were limited to those that showed the greatest
promise. The project supplied sufficient quantities of KK8 bean and lablab seed to
ARDAP, REFSO and AVENE for seed bulkinghda dissemination activities, and
fertilizers (TSP, MRP) to ARDAP and AVENE for verification trials. Where possible,
participating farmers were encouraged to use their own seed saved from previous
harvests. Collaboration with these three organizations eghabis evaluate the
performance of the vigor enhancing strategies in other-egptogical zones and to
confirm that these approaches can be successfully used in different environments. In
addition, the activities served to build the capacity of the NG@speaovided a platform

for future scaling up activities.

ARDAP - A total of 20 farmers were initially recruited to participate in verification trials
which compared the performance of different
production practice Strategies evaluated by ARDAP farmers included seed priming,

MPR, TSP, compost and lablab. Later the number of farmers increased from 20 to 60
farmers and all installed verification trials. The project provided the new farmers with

starter KK8 and lablaseed and P fertilizers. An additional root rot tolerant bean variety,

KK71 was also introduced by KARI for evaluation by farmers alongside KK8 variety.

At the conclusion of the Long Rains, participating farmers attended and participated in a
result skaring workshop which was organized to provide an opportunity for farmers to
discuss and compare results of the previous season along with ARDAP and KARI staff.
Farmers continued to be impressed with priming and MRP, and a majority settled on
MRP as the pferred choice of fertilizer. Despite severe diseases & pests (especially
aphids), all the tested crop vigor enhancement options substantially outperformed farmer
practices.

Initially a 1 acre KK8 bean bulking plot was established to produce seed fog figar
During the Long Rains, seed bulking of KK8 and lablab was enhanced by increasing the
size of the bulking plot from 1 to 2 acres.

REFESO- worked withAgro-Farmers, a CBO in Busia district to bulk KK8 bean seed for
distribution to farmers during tHeong Rains season. A total of 19 farmers participated in
this activity. REFSO also organized KK8 bean bulking plots on 2 acres in Ngelechom
village during the Long Rains in order to target farmers in Teso district. Heavy rains
adversely affected seed paction at both sites, so the bulking activity is being repeated
during the current Short Rains season with 12 farmers at Busia and on 2 acres at
Amukara in Teso district. The plots are currently doing well and KK71 seems to be doing
much better than KK&REFSO also bulked lablab seed during the Long Rains 2010.

AVENE is working with a total of 65 farmers i locations of Sabatia and Chavakali
divisions of Vihiga district, Western Province. Farmers tested a variety of crop vigor
enhancement options on de lablab or both, depending on land availability and
preference. Farmer verification trials were established during the Short Rains and Long
Rains seasons. The treatments farmers found promising and wanted to verify further
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were: i) KK8 beans +TSP, ii) IKB Beans primed+compost and iii) KK8 beans+lablab
residue. These were compared to farmer practice in demonstration plots. The project
supplied TSP fertilizer, while the farmers supplied KK8 bean and lablab seed (saved from
previous seed bulking activitiegd~armers also made compost manure which was used in
the verification trials, having been trained by the project on how to prepare high quality
compost.

Figure 1 shows the results of bean and maize grain yields in response to the vigor
enhancing options tested by AVENE farmers during the Long Rains 2010. Plots planted
with KK8 bean plus compost or DAP outperformed farmer practice on most of the farms
that were involved in the trials. The superiority of compost and lablab residues was
especially found on farms with low soil pH and lower soil fertility. Farmers were
generally reluctant to use these fields due to poor crop performance; however, the
excellentperformance shown by compost and lablab residue incorporation proved to
farmers that these plots could be rejuvenated with organic inputs and improved bean
germplasm.

Figure 1

E 3500 Maximum,
:@ 3000 = Max minimum and
1 . average bean
% 25007 = Min & maize grain
> 2000 - Average yields
& obtained with
£ 1500 - U
v gor
& 1000 enhancing
S 500 strategies by
“E“ . 40 AVENE
§ 0~ ' ' ' farmers
@ UNPRIMED PRIMEDKK8 + FARMER  MAIZE WITH de_lngzLong

KK8+DAP ~ COMPOST  PRACTICE LABLAB Rains 2010

BEANS RESIDUE

AVENE al so works with two womends groups

na

Wodanga and Kul ala Women6s Group from Busal

Wo mends Gr o mpmbelsavath tHeO objective of promoting small scale
entrepreneurship through table banking, small scale farming and adult education. During
FY10, the group was trained on high quality compost making and management. All
group members participated in thistiaty and about 48 farmers have constructed
compost piles. Some have used the compost on their farms and found it extremely useful
and economical compared to chemical fertilizers. Members have also been given lablab
and KK8 bean seed for bulking to usesubsequent seasons. Two members of the Kulala

Womends Group were trained on compost manur e

enhancement strategies. These women are now involved in the training of the other 22
group members on compost making and crgwivenhancement. The group also has
been provided with lablab and KK 8 bean seeds for bulking.

2. Crop performance evaluation & in season exchange viditata from the farmer
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verification trials for 200910 Short and Long Rains crops have been deltecompiled

and shared amongst the farmers and scientists. Datasets include plant emergence and
mortality, nodule counts, pods per plant as well as grain and biomass yields of lablab (SR
only), beans (SR & LR) and maize (LR only). Pest/disease incidmvwegity data for

bean root rot, bean stem maggOphiomyiaspp.) and aphidsAphis fabag were also
collected.

The following sections summarize the findings from the second year of farmer validation
trials:
A. Short Rains 0910 crop performance results

Beans- Farmers were most interested in comparing: (a) how unfertilized KK8 performed
relative to their own unfertilized varieties and (b) how KK8 performed with or without
TSP fertilizer. The results of these comparisons are the focus below.

Site effect Bean productivity did not follow the gradient this season due to more intense
disease pressure at Kiptaruswo and Bonjoge. Mean bean yields moving from low fertility
to high fertility site were 754 kg/ha in Kapkerer, 586 kg/ha in Kiptaruswo, 637 kg/ha i
Bonjoge and 1117 kg/ha in Koibem.

Treatment effectsrield trends by treatment were similar to previous seasons. They were
also consistent across the gradient (Figure 2). Mean yields by treatment were (i) 635
kg/ha for unfertilized farmer varieties; (ii)728 kg/ha for unfertilized KK8; and (iii) 958
kg/ha br KK8 fertilized with TSP. Thus, on average, farmers were able to realize a 0
31% vyield increase (going across the fertility gradient from Kapkerer to Koibem) simply
by substituting improved germplasm for their own variety. By substituting EK&
addingTSP fertilizer, farmers were able to achieve a/4% yield increment. Additional

data, collected this season, helps to explain some of the factors that contribute to these
yield effects:

1500 Figure 2 Mean bean
yields (kg/ha) at the four

m FP mKK8 only m KK8 + TSP sites  for  unfertilized

1200 — farmer bean varieties

(FP), unfertilized KK8
beans (KK8 only) and
KK8 beans planted with
TSP (KK8 + TSP), Short

600 - — Rains 200910
N 1 1 |
O T T T T

Kapkerer Kiptaruswo Bonjoge Koibem

900

Bean Grain Yield (kg/ha)

Germplasm contributioVhen we compare trends in the differenetween the average
numbers of pods/ pl ant for KK8 versus the
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(i.e. planted in the FP plot), the data show that KK8 plants have consistently more pods at
harvest across sites (Figure 3) and farmer varieties. TH(8 alpears to have a higher
yield potential than the varieties farmers are currently growing.

. L Figure 3 Differences in
% - Difference KK8 versus FP varieties numbers of pods per plar
o + between KK8 beans an
5 10 - 4+ farmer  bean  varieties
o grown on Nandi farms
_:té 5 i % i i during the Short Rains
g 0 , , i : , 200910. (Differene = the
average numbers of pod
'GE) S - + + + (3 plants/variety) of plants
2 10 - + in the unfertilized KKS8
o beans treatment on a
£ -15 - individual farm i the
] 0 1 2 3 4 5 average numbers of pod
. for the farmer variety
Site grown in the FP treatmen

1=Kapkerer; 2= Kiptaruswo; 3=Bonjoge; 4= Koibem . 'ihe same fanm).

TSPO6s c o rMakingtheusame dype of comparison used above for the difference
between average numbers of KK8 pods with and without fertilizer, the results showed
that, at the lower fertility sites, applying TSP fertilizer increased the numbers of pods per
plant even furtherelative to unfertilized KK8 (Figure 4). Moreover, TSP application also
enhanced the survival of plants to harvest. Across farms, an average of 43 more KK8
plants/plot survived to harvest when they were fertilized compared to those not fertilized.

Thus, loth increased pod production and increased numbers of plants per plot help to
explain the substantial bean yield increments that farmers realized using improved
germplasm and phosphorus fertilization.

. . . Figure 4 Differences in
Difference KK8 With or Without TSP numbers of pods per plar

15 - —|— between unfertilized KK8
beans versus fertilizec
+ KK8 grown on Nandi

S A + farms during the Shorl
i —+ $ Rains 200910.
0
i T

=
o
1

' ' (Difference = the average
-5 numbers of pods (3
i plants/treatment) of the
fertilized KK8 bean
treatment on an individua
farm 1 the average
0 1 2 _ 3 4 5| numbersof pods from the
Site unfertilized KK8 treatment

1=Kapkerer 2=Kiptaruswg 3=Bonjoge 4=Koibem on the same farm).

N
o
1

Difference in Pod # Per Plant
A
a1
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Lablab - As in previous seasons, lablab grain yields followed the fertility gradient, with

yields increasing from the lowest to highest fertility sites (Figure 5A). Mean grain yields
were 437 ktha in Kapkerer, 730 kg/ha in Kiptaruswo, 1025 kg/ha in Bionjoge and 1288
kg/ha in Koibem. Aboveground biomass vyields did not show the same fertility level

response pattern, although they were also highest at the highest fertility site (Figure 5B).

Technical Reports

Generdly, treatment effects were inconsistent across sites for most of the variables
evaluated (emergence, stand counts, pest infestation incidence and yield). However, using
the difference method for evaluati napt 6i
in the same farmerd6s experi ment, sever al
(i) that P fertilization and/or priming enhanced plant survival (by decreasing both root rot
and bean stem maggotlated mortality) at the two lower fertility ei; and (ii) TSP
application increased lablab productivity, although these effects were not as pronounced
as with common beans, possibly due to lablab characteristics (extensive root system, long
period to maturity and its ability to establish strong mgtua@al associations).

~ 1800 -
S A WLablabonly mPrimed
2 1500 - TSP m Prime + TSP
o
© 1200
>_
.% 900 -
5 600 - Figure 5 A: Lablab grain;
Ko}
<
9 300 -
-

0 -

Kapkerer Kiptaruswo Bonjoge Koibem

= 600 B = Lablab only m Primed
IS TSP ® Prime + TSP
>_
g § 400 -
o § Figure 5 B: Lablab aboveground
QL biomass yields for the 4 different
] 2 200 - lablab treatments that were most
g widely tested by Nandi farmers in the
— 200920 Short rains.

0 -

Kapkerer Kiptaruswo Bonjoge Koibem

B. Long Rains 0910 crop performance results

Across the communities, the most popular alternative Long Rains fertilization strategies
evaluated were the concentrated application of DAP, incorporated lablab residues and the
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% lablab- ¥2DAP mixture (Table 1 At individual communities, plant composts were
popular at Kapkerer and composted manure at Koibem.

Table 1 Numbers of Nandi farmers electing to test alternative fertilization strategies during the Lo
Rains 2010.

Fertilization Kapkerer Kiptaruswo Bonjoge Koibem
Strategy (n=13) (n=14) (n=19) (n=12)
DAP 11 12 19 11
Compost 9 6 7 6
Half compost DAP 6 7 4 4
Lablab 8 10 12 8
Half lablabDAP 8 10 11 9

Stand count data were collected at 2 and 3 weeks after planting (WAP). Becante

were still increasing between 2 and 3 WAP (i.e. due teuroform/delayed germination)

the crop establishment results presented are from the 3 WAP stand counts. Data were
also collected separately on the numbers of bean plants dying frorerpegence
dampingoff at 2, 3 and 4 WAP.

Bean seedling mortality at 2 WAPThe bean seedling mortality data show extremely
similar mortality trends to those observed last year (Figure 6). The highest post
emergence damping off tended to occur on the lowilitie soils (Kiptaruswo and
Kapkerer) and in those treatments with either the lowest level of nutrients (i.e. farmer
practice or compost) or in the incorporated lablab residue treatment, which is
characterized by imperfectly understood nutrient decortipnsiand/or disease

interactions, as discussed in |l ast year 6s
m Farmer practice m DAP
m Compost | Half compost DAP

10 m Lablab m Half lablab DAP

Figure 6 Numbers of
bean plants dying from
postemergence
damping off at 2 WAP
in farmersbd
trials during the long
rains 2010.

Number of Bean Plants Dying

Kapkerer Kiptaruswo Bonjoge Koibem
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Plant populations/stand establishment at 3 WARe have noted that Nandi farmers sow
greater quantities of both maize and bean seed than needed for recommended plant
populations for these crops. In a year such as this, when weather conditions were not
corducive to rapid, uniform germination, farmer oversowing meant that the farmer
practice maize stands came closer (an average of 98% of the target, across communities)
to achieving the target stand (i.e. 100% of seeds sown) than the maize stands in the
altemative fertilization strategy plots, which were on average, only 69% of the target
stand across communities and alternative treatments (Figure 7). This suggests that, on
average, farmer sowing rates are around 30% greater than the recommended rate. Also o
note was the inferior germination of far mer
maize seed; there were 6 farmers who achieved stands with less than 50% of the target
population present across treatments, using their local seed. Perhaps higtcascafen

poor stand establishment and/or poor seed viability are factors that motivate farmers to
oversow.

m Farmer practice m DAP
m Compost m Half compost DAP
m Lablab m Half lablab DAP

120

100
Figure 7 Maize stand

establishment at 3WAP
by fertilization strategy
and site, Long Rains
2010.

80
60
40
20

% of Target Maize Stand

Kapkerer Kiptaruswo  Bonjoge Koibem

Overall, bean stand establishment was bedteBonjoge (66% of target stand) and

Koibem (63%) than at Kapkerer (57%) and Kiptaruswo (59%) (Figure 8). These trends

were the opposite of those for maize stand establishment but may be related to the
differences in bean seedling mortality explained ab&l® notable was that the two full

organic treatments (compost; lablab) had a higher % stand establistiéncompared

to an average of 58% for the other fertilize
This result suggests that the residumegay have been important for helping to retain

moister conditions more suitable for seed germination.
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m Farmer practice m DAP
m Compost m Half compost DAP

m Lablab m Half lablab DAP
100

Figure 8 Bean stand
establishment at 3 WAP
by fertilization strategy
& site, Long Rains 2010

% of Target BeaStand

Kapkerer Kiptaruswo Bonjoge Koibem

Maize and bean yieldsOverall, mean yields of theshn intercrop were slightly higher in

2010 than in 2009 (157 vs 120 kg/ha). Bean performance was best at Kapkerer (mean
yield 216 kg/ha) and worst at Kiptaruswo (63 kg/ha), likely due to differences in weather
and late season disease pressure. As in 20@®9,2010 bean performance varied
substantially by treatment. Moreover, the same general yield trends were observed in
both years (Figure 9); bean productivity was poorest in farmer practice, lablab, and
compost and best in the half DAP and full DAP treattse

Yields of the companion maize crop were also higher in 2010 than in 2009 (overall
means, 3261 vs 2398 kg/ha). Maize yield gains relative to the farmer practices were
greatest at the lowest fertility site and smallest at the highest si&faigter than the
farmer practice at Kapkerer v&-10% higher at Koibem).

< 250
e
g 200 - m 2009 m2010
K=}
.g 150 - Figure 9 Mean bean
c yields by treatment for
‘g 100 - the 2009 and 2010 Long
O] Rains season.
S 50 -
[¢H)
m
0 4
Farmer compost Half DAP Lablab Half
practice manure compost lablab
DAP

Across communities, mean maize yields in the alternative fertilization treatments were
consistently higher than mean farmer practice maize yields (17 out of 20 comparisons)
despite the fact that maize stands in these treatments were, on average, 30&talower

the target stand (Figure 7). The productivity trends by fertilization treatment, averaged
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across communities, were, like beans, similar to those observed in 2009 (Figure 10).
These results demonstrate that farmers can make fairly substantial gamnaizie
productivity simply by utilizing improved agronomic practices and alternative
fertilization strategies. Moreover, the trials have shown farmers that they have multiple
options for achieving increased maize productivity, depending on the type andtamou

of purchased and/or locally available inputs they might have available in a particular
season. This enables farmers to respond to dynamically changing conditions more
effectively than if they were shown a single, fixed package of improved maize pooduct
practices.

© 5000
< =2009 m2010
2 4000 -
i)
]
< 3000 -
£ Figure 10 Mean maize
8 2000 - yields by treatment
@ during the 2009 and
.% 1000 - 2010 Long Rains
= 0.

Farmer compost Half DAP Lablab Half

practice manure compost lablab

DAP

C. Farmer-to farmer exchange visits

Exchange visits during the 2009 Short Rains season did not take place because the
farmers were engaged in traditional ceremonies and were not available for the visits.
Exchanges were resumed in 2010 during the Long Rains season. Discussions about the
previous Short Rains season were included.

Farmer exchange groups were switched in 2010 to expose the participants to different
agroecological conditions. In particular we wanted to create awareness with the Koibem
farmers (high soil fertility group) abothe effects of soil fertility degradation. As a result
Kapkerer farmers (low soil fertility) exchanged with Koibem farmers; and Kiptaruswo
farmers (medium low soil fertility) swapped with Bonjoge farmers (medium high soll
fertility). A total of 25 farmersattended the Kapkerer visit and 30 came for the Koibem
visit. At Kiptaruswo 27 farmers participated and 26 farmers attended the Bonjoge tour.
An equal number of men and women attended across all sites. Two KARI field staff and
a scientist from the Sociesomics unit participated in all the visits.

At each site, groups toured 4 farmer verification trials and the researcher managed
replicated experiment under maize cultivation. Host farmers explained the alternative
fertilization options being tested ineti verification experiments. Question & discussion

periods after each presentation provided a forum for farmers to discuss benefits and
constraints. Farmers were then asked to rate the performance of the Long Rains

15



Dry Grain Pulses CRSP Technical Reports
FY2010

treatments on maize using colored ribfoifter the field tour, there was a further
discussion and ranking focused on the Short Rains treatments.

Incorporated lablab residues (lablab only) were ranked highest at Bonjoge and
Kiptaruswo sites, while ¥2 boma compost+¥2 DAP was given the highesy rat
Kapkerer and Koibem. Lower rankings were given for other alternative fertilization
treatments but all were greater than the farmer practice which was uniformly ranked
poorest. Some of the Kiptarusvidonjoge group commented that the process of @uttin

and incorporating lablab was too laborious, but others felt that with sharp tools the work
was easy. Two of the Kapkerer host farmers noted that after using lablab, the incidence of
Striga was substantially less and that they expected higher maizeageldsonsequence.

Intercropped beans had been harvested by the time of the exchange visits, but all
participants recalled that bean yields were generally poor. At Kiptaruswo, farmers
observed that beans did better in the Short Rains season tharLonthRains. Despite

the poor performance of beans, participants noted that KK8 performed consistently better
than local bean varieties Rosecoco, Kaangumu or Nyayo. No treatment stood out as
having a positive effect on bean yields, although at Koibem, $amers perceived that
beans did not perform well where lablab had previously been cultivated.

Across all sites, farmers reported using some or all of the vigor enhancing strategies on
other parts of their farms. Within the Kapkekaibem exchangeroup, 32% of the
participants had upscaled boma compost, 40% were using KK8 beans instead of local
varieties, 75% were growing lablab and 8% were following improved spacing/seed rate
strategies. Boma compost was being used by 42% of farmers from theukipda
Bonjoge exchange group, and KK8 bean and lablab were being grown by 38% and 80%
of the farmers, respectively. Only one farmer in the KiptaruBagjoge group reported

using the improved spacing/seed rate on his farm. Seed priming was considdag&drtoo
intensive by Bonjoge participants and only one farmer was using the technique to
improve bean germination.

All the exchange visit participants preferred lablab first for soil fertility, but had

somewhat different preferences for its other uses. &laskles, grain and fodder uses

were equally favored by the Kapke#¢oibem exchange group; but lablab was least
preferred as a vegetable because of i ts A L
KiptaruswaeBonjoge group, lablab for grain was only slightgs popular than lablab for

soll fertility, 20% of the farmers liked lablab as a vegetable and 15% used the biomass for

fodder. Lablab for market sale was of least importance since no markets have been
identified outside of the KiptaruswBonjoge commuities where local demand is still

growing.

3. Projectrelated training materials Simple, pictorial training materials for farmers and
development workers have been prepared. These materials focus on: (i) how to grow
lablab and its multipurpose bensfit(Figure 11); (i) use of boma compost,
organic/inorganic fertilizer mixtures, and lablab residues as alternative fertilization
strategies for intercropped maize and beans; and (iii) P fertilizer use to improve
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productivity of grain legumes. The materialdl be distributed through KARI to NGO,
CBOs and other extension trainers in Kenya.

Lablab purpureus (njahi/dolichos/hyacinth bean) Planting lablab

Select a place with full sun Lablab

Lablab is native to Africa. does poorly in shade.

Varietieswith purple flowers produce
blackseeds. Varieties with white
flowers produce brown, cream or tan
coloured seeds that are better for
eating.

Lablab grows slowly initially so space
rows 30-45 cm apart to avoid
erosion. Within the row plants
should be 30 cm apart.

Lablabhas a deep root system that
makes it very drought tolerantonce
established.

Don’t sow when rainfallis expected
to be heavy; lablab seedlings will die
ifthere is too much rain during the
first month of growth. Organisms
thatlive in the soil rot the tender

Noduleson its roots are home to youngroots.

organisms that make nitrogen. This
helpslablab to grow on nitrogen-
poor soils.

Lablab has many uses for farmers.

Figure 11 Example of training
Some varieties are good food for

eating. ‘Rongai’ has tasty grain . Soak materlals on grOWIng Iablab and n
@/’ overnightand then cook like beans. multipurpose beneﬁts
Prepare the tender leaves like
. cowpea leaves.

Forage /V"\ Lablabis high in protein and
Aw . feeding it to milk cows will
X F“‘*’ )] increase their milk production. The
»,“,J ¢ animalsmay refuse it initially but
1 = will soon come to like it.

Lablabresidues can be used as

fertilizer to increase maize yields.
Plantit where you will grow your
maize crop the following season.

Weed control 2 ; i
4 Fewer weeds, includingstriga,

fe s
cdag oot germinate after a lablab crop,
¥ reducing the amount of time spent
on weeding.

4. Socioeconomic survey completion and technology diffusion tréndiés. Eunice
Onyango completed individual household surveys in early FY10 as part of her Masters
research program. This activity was a follaw to the Focal Group Discussions reported

in the FY09 Annual Report.

A total of 130 households were surveyadhe South Nandi project area focusing on the
four core communities of Kapkerer, Kiptaruswo, Bonjoge and Koibem. Overall, 55% of
the respondents were women. All 65 households who had participated in the initial
farmer workshop and 20a@ verification trals were interviewed along with an equal

17



Dry Grain Pulses CRSP Technical Reports
FY2010

number of farm households in the same communities who had not directly participated in
the project activities. Project participants were asked to indicate which of the vigor
enhancing strategies they preferred aich they planned to scale up. They were also
guestioned about the extent of labor involved with the lablab residue incorporation.
Survey questions for the ngumoject participants focused on farmer to farmer knowledge
dissemination.

Project participarst indicated that %2 compost+% DAP and incorporated lablab residues
(lablab only) were most preferred, but seed priming was not mentioned by many of the
farmers. There was no significant correlation between the ranking of the various vigor
enhancing strategs and household soeswonomic factors e.g. age, education, gender.
However preference responses differed across the soll fertility gradient. For example at
the high soil fertility site (Koibem), lablab only was least preferred compared to the other
strategies but at the lower soil fertility sites (Kapkerer, Kiptaruswo) lablab only was
highly ranked. Improved maize seed rates/plant spacing was highly ranked at Koibem
but not at the other sites. Strategies for upscaling tended to follow the household
preferences. When questioned about the amount of labor needed for incorporating lablab
residues, most respondents recognized the level of work was more, but felt the outcomes
were worth the extra effort. Only 17% of respondents felt that incorporating lablab
residues was too much work.

Farmers who had not participated in the DGPCRSP project were quite aware of the
various strategies and a number were either using the approaches or planning to use them
in the upcoming season. Foityree percent (43%) of theomproject participant
households were aware of lablab with 5% already growing the crop and 34% planning to
grow lablab in the next season. KK8 beans, boma compost and improved seed rate/plant
spacing were known by 2B8% of respondents and3% were alredy practicing these
strategies on their farms. Onlyl3% of the nofproject participants were aware of the

Y% compost+¥2 DAP, %2 lab+% DAP, TSP and MRP strategies.

Diffusion trendsi Farmers associated with NGO/CBO groups REFSO, ARDAP and
AVENE were monitored by the NGO/CBO and KARI staff during FY10. Objective 2,
Activity 1 (above) details their perceptions about the impacts/constraints encountered
with the vigor enhancing strategi.

Objective 3 To research factors (nutrients, pest/diseases and their interactions) affecting
pulse productivity across a soil degradation gradient

Approaches and Methods:

Implement replicated experimental trials

Data collection and evalien

Inseason field visits and annual meeting review of results
Germplasm testing

Nutrient analysis of grain and edible leaf samples
Publication preparation

ok wNE
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Results, Achievements and Outputs of Research:

1. Implement replicate@xperimental trial§ KARI staff repeated the Main replicated
experiment during the Short Rains 260® and Long Rains 2010 seasons at the same 4
sites across the soil fertility gradienThe factorial design for the Short Rains season
evaluated the efféof seed priming and TSP fertilizer application on lablab productivity
and disease/pest severity. Bean control plots (with and without TSP) were also included.
During the LR2010 season, plots were split to evaluate the individual and combined
impacts oflablab residues from the previous SR season (no lablab, lablab remmvgd

roots remaining, lablab incorporatedaboveground biomass incorporated); %2 boma
compost+ ¥2 DAP or no fertilizer and bean variety (root rot susceptible (GLP2) and
tolerant (KK8 Ines) on maizdean intercrop productivity as well as bean pests and
diseases.

2. Data collection and evaluatidnData from 200910 Short and Long Rains crops have
been collected, compiled and shared amongst all collaborators. Datasets include plant
emergence and mortality, nodule counts as well as grain and biomass yields of lablab (SR
only), beans (SR & LR) and maize (LR only). Pest/disease incidence or severity data for
bean root rot, bean fly maggdadghiomyiaspp.) and aphidsAphis fabag are incuded

for both seasons, while chafer grul&cllizonychapp), maize lodging,aanmon bean

blight and bean common mosaic virus incidence were only recorded during the Long
Rains season.

The following sections summariudte our finding
SR0910 Replicated Experiment (Lablab or Beaiigher than normal rainfall in 2009

10 associated with the ElI Nino phenomenon depressed lablab and bean yields compared
to 200809. Nevertheless at Bonjoge and Koibem, average lablab yields werer greate
than 1000 kg/ha and either outperformed or gave comparable grain yields as bean (Figure
12). The Bonjoge and Koibem results were similar to the farmer verification plots in the
same clusters, but at Kapkerer and Kiptaruswo halo blight reduced theatexplic
experiment lablab grain yields to very low levels compared to the farmer plots in the
same communities. Likewise, bean yields from the replicated plots at all sites except
Koibem were 50% less than those obtained on the farmer trials (305 kg/ha 689sus
kg/ha). Koibem bean yields were good (1046 kg/ha) and comparable to the farmer plot
yields (1117 kg/ha). Such high variability within soil fertility clusters is a constant
challenge and points to the need for a number of replicated experimenttepathsr

than a single replicated experiment.
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Lablab plant populations were similar between sites and with an average stand loss of
only 12% ovetthe course of the season (Figure 13A). Emergence plant populations were
less than optimal (82% of seed sown) due to heavy rains shortly after planting. Halo
blight was the dominant disease found at Kapkerer (80% of stand) and Kiptaruswo (27%
of stand), btiwas less severe at Bonjoge (13%) and Koibem (19%). Root rot incidence
ranged from 7% to 19% of the stand across the sites. Aphids were found 0t2®f

the lablab stands at Kiptaruswo, Bonjoge and Koibem, but no aphids were observed at
Kapkerer.

The Short Rains treatments had little/no impact on-péestase incidence or survival of
lablab plants in 20020. The TSP treatment had significantly reduced aphid incidence
across all sites (Figure 14A) and reduced halo blight at Kapkerer (Figure 14Bgadut

no effect on plant stand or root rot. Seed priming significantly reduced plant stands by
5% across all sites; however, there were no priming treatment impacts on lablab pests or
diseases.
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At Kiptaruswo, Bonjoge and Koibem bean populations dropped dramatically over the
season with stand losses between 47% and 62% (Figure 13B). At Kapkerer bean stands
were higher and relatively stabletivia decline of only 19% over the season which was
caused primarily by beanfly. Root rot incidence was very low at Kapkerer (1.6% of
stand) and no aphids were observed. A combined effect of root rot, aphids and beanfly
were the main causes of the beaandtdeclines at Kiptaruswo, Bonjoge and Koibem.
Bonjoge had the highest incidence of aphids (44% of stand) and root rot (35% of stand).
Beanfly severity scores were on average 16 pupael/larvae per plant at Bonjoge and
Koibem. The TSP treatment did notvkasignificant impact on bean plant populations,
root rot, aphid incidence or beanfly pupae/larvae; however the results indicated slight
reduction trends in root rot and beanfly pupae/larvae with TSP.
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Figure 14 Mean aphid A) and halo blightB) incidence in lablab by P treatment across sites in
replicated experiments, Short Rains 20@0
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El Nino climate conditions also reduced lablab biomass yields in-200@mpared to
200809. Biomass yields were highest at Kapkerer but there wasitterip with respect

to soil fertility as previously observed in FY09 (Figure 15). The devastating impact of
halo blight particularly at Kapkerer and Kiptaruswo obscured any potential impact of the
TSP treatment on lablab grain yields; however, TSP sigmifig increased lablab
biomass yields by 18% across all sites (Figure 15). The seed priming treatment did not
translate into an effect on either lablab biomass or grain yields despite the negative
effects of seed priming on lablab plant stand. The Unliee dtrong response to TSP
found in the farmer verification plots, TSP had no impact on bean biomass or grain yields
in the replicated experiments.
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LR 2010 Replicated Experiment (MatB®an Intercrop) At all sites bean yields were
substantially higher than 2009 yields and were comparable with typical intercropped bean
yields in Western Kenya (Odhiambo and Ariga, 2001). Across all sites and treatments,
bean yields averaged 237 kg/ha, with peak yi@ldsurring at the low fertility site,
Kapkerer (356 kg/ha), which we attribute to lower seasonal rainfall and diseases/pests
compared to the other sites. Maize yields in 2010 were similar to 2009 despite a
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substantial amount of lodging due to high windst jafter cob set. Across all sites and
treatments, maize yields averaged 4087 kg/ha with the highest found at the high fertility
site, Koibem (5552 kg/ha).

The lablab residue treatments alone produced a 22% increase in bean yield, but the effect
was domimated by Kapkerer and Bonjoge, while at Kiptaruswo and Koibem lablab
residues had a slight negative or negligible effect on bean vyields (Figure 16).
Consequently the lablab residue treatment effect was not statistically significant across all
sites.

500
No Fertilizer m No Lab
400 - m Lab removed
Lab incorporated ) _
300 1 Figure 16 Mean bean grain

yields by lablab residue

treatment across sites from
200 replicated experiments, Long
Rains 2010
100 - .
0 n T T T T

All Sites  KapkererKiptaruswo Bonjoge Koibem
Site

Bean Grain Yield (kg/ha

Both the fertilizer and bean variety treatments had large and significant impacts on bean
yield at all sites. The Y2 compegt DAP fertilizer treatment increased bean yields on
average 37% compared to the no fertilizer treatment (Figure 17A). The greatest response
was at Bonjoge (96%) while at the other sites %2 corfigoBXAP increased bean yields
12%44% over no fertilizer. Yields fro the root rot tolerant bean variety, KK8 were on
average 84% higher than the root rot susceptible bean variety, GLP2 (Figure 17B). This
was particularly the case at Kapkerer, where there was a 3 fold increase in bean yield
with KK8 compared to GLP2. Rpsnses to KK8 relative to GLP2 were substantial but
lower at Kiptaruswo (26%), Bonjoge (20%) and Koibem (68%).
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Figure 14 Mean aphid &) and halo blightB) incidence in lablab by P treatment across sites in
replicated experiments, Short RaR0910
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Due to timely planting and low pest/disease incidence, bean plant populations at 2 weeks
were high averaging 91% of seeds sown across all sites (Figure 18). Stands remained
relatively stable up to flowering; however, by harvest a substaatredunt of plant
mortality reduced average populations to 63%. We can infer from the high plant
populations that the incidence of root rot, chafer grubs, common bean blight and bean
common mosaic virus must have been low early in the season, but tisatvérey of

these diseases, pests plus late season maize lodging combined to substantially reduce
plant stands later in the season. The plant population results did not support our earlier
assertion that lablab residues may increase seedling mortalily.tim bean variety
treatment had a significant impact on plant populations. Over the course of the season,
plant populations with KK8 were higher than GLP2 (3% to 11.5% difference).

Figure 18 Mean bean plant populations by lablab residue, fertilizer and bean variety treatn
from replicated experiments, Long Rains 2010
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In addition the lablab residue treatments did not appear to exacerbate root rot severity in
2010. Data from allsites combined indicated that lablab residues had a slight but
insignificant impact in reducing root rot severity (Figure 19A). Root rot severity was
highest at Kiptaruswo, but only at Kapkerer was there an indication that root rot severity
was increased ih lablab residues. Substantial reductions in root rot severity across all
sites explain the observed yield benefits associated with the fertilizer and bean variety
treatments (Figure 19B).

Figure 19 Mean bean root rot severity scores per plot blalabesidue4) and fertilizer- bean
variety B) treatments across sites from replicated experiments, Long Rains 2010
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The impacts of lablab residues on seedling mortality and root rot severity in the replicated
experiments were quite different fmothose observed in the farmer verification plots. We
believe differences in management of the residues explain the results. In the replicated
experiments, lablab residues were cut, windrowed and then incorporated in the soil to a
depth of ~ 6 inches. Magézand bean seeds were planted to the side of the incorporated
residues. Once the lablab was cut, farmers incorporated shallowha (inches) and
planted the maize and beans directly on top of the incorporated residue. Planting the
maize and bean seedsettly into the decomposing lablab residues appeared to improve
stand establishment compared to the other fertilization practices by assuring moist soil
conditions. However the farmer results indicated that this management practice also
increased postnmergent damping off in the lablab only treatments. No negative effects
on seedling mortality were observed in the replicated experiments where seeds were
planted to the side of the incorporated residue. Lablab residue placement in the replicated
experimentgnay have also contributed to the negligible impacts of the residue treatments
on root rot severity.

As we observed last year, no chafer gridbsh{zonychapp.) were recorded at Kapkerer,
presumably because of the drier soil conditions. At Kiptaruswajdge and Koibem

there was a consistent increase in chafer grubs associated with the lablab residue
incorporation treatment (Figure 20) but no impact of thgertilizer treatment or the

bean variety treatments on chafer grub counts. A similar imgdeblab residues on
chafer grubs at Trans Nzoia district was reported by Medvecky et al. (2006) along with
increased bean seedling mortality and potential productivity loss. Despite the grub
residue treatment association found in our experiment, the giidbsot affect early
season plant populations of bean or maize, presumably because the grub populations
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were fairly low and possibly due to the position of the lab residues relative to the
bean/maize seedlings. The impact of chafer grubs on seasonambeatity or bean
yields in 2010 was inconsistent. At Kiptaruswo, increasing chafer grubs were associated
with greater bean mortality and lower bean yields. However at Koibem, chafer grubs
were not correlated with either bean mortality or yield. At Bonjagafer grubs
correlated negatively with bean mortality and positively with yield which is not
consistent with our model. So while the replicated experiment data to date have not
demonstrated a negative impact of chafer grubs in association with incechtablab
residues; the lower bean yields in the farmer verification trials with incorporated lablab
residues does suggest that chafer grubs may be a contributing factor that needs continued
monitoring.

m No Lab

H Labremoved

3 | Lab incorporated Figure 20 Mean chafer grub
counts per plot by lablab residu
treatments across sites in
replicated experiments, Long
Rains 2010
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Lablab residue treatments had the biggest impact on maize grain and stover yields.
Averaged across all sites, lablab treatmentgeiased maize grain yields 52% (lablab
removed) to 78% (lablab incorporated), while stover yields were increased 34% (lablab
removed) and 46% (lablab incorporated) (Figure 21). Also a significant impact of the %2
Y fertilizer treatment on maize yields wkmind across all sites, but the increase was
only an additional 1-37%.

Figure 21 Mean maize grainX) and stoverB) yields by lablab residuefertilizer treatments
from replicated experiments, Long Rains 2010
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3. In-season field visits &annual meeting review of resultsCornell, KARI and the
university partners made field visits to the replicated experiments and farmer plots in
October 2009, March 2010 and July 2010. Dr. Irv Widders, from the DGPCRSP
Management Office and Dr. Ndiaga €asfrom the Technical Management Advisory
Committee accompanied the Cornell, KARI and University team during the October
20009 field visits.

KARI staff, University faculty and students and Cornell partners participated in the
annual project meeting Septeentil415, 2010 in Kisumu. Experiences and results from

the farmer verification trials were summarized along with results from the replicated
experiments. Four of the Masters students also made presentations on their research
findings.

4. Germplasm tesig

A. Cowpea materials from UCRSilvester Odundo, a Masters student at Moi University
worked with cowpea cultivars obtained from the Univ. of California Riverside in order to
identify varieties with the most potential for cowpea grain productioneimvt, cool and
higher elevation environments of Western Kenya. During the Short Rains1P009
season, Mr. Odundo compared the agronomic responses of cowpea lines ICV6, ICV12,
CB46, 1T90K-284-2, IT83D-442 and local check Khaki at each of the four projéess
across the soil fertility gradient.

Mean cowpea grain yields at Bonjoge (316 kg/ha) were 65% greater than at Koibem (192
kg/ha) which is at a higher elevation and generally cooler than Bonjoge. The warmer and
drier environments of Kapkerer ariiptaruswo should have favored cowpea grain
production over that of Bonjoge and Koibem. Thus it is particularly disappointing that no
grain yields were obtained at Kapkerer and Kiptaruswo because of poor management,
especially in controlling thrips. Despithe disappointing results, Mr. Odundo was able to
identify some promising cowpea varieties for future grain production research at the
higher elevation sites. This is a significant step because up to now farmers in Western
Kenya have been limited to theaditional varieties (Khaki, Enzegu, llanda) which are
grown primarily for leaf harvest for making a cooked vegetahleoga)

Variety CB46 produced the highest yield (434 kg/ha) at Bonjoge, but the result was not
statistically different from IT83B442 322 kg/ha), Khaki (305 kg/ha) or ICV12 (272
kg/ha) due to high variability. 1T90&842 (217 kg/ha) and ICV6 (205 kg/ha) had
significantly lower vyields than the other varieties at Bonjoge. While CB46 also
performed well at Koibem (215 kg/ha), ICV12 predd the highest yield (342 kg/ha).
IT83D-442 and Khaki appeared to be more sensitive to the cooler temperatures of
Koibem and produced the lowest yields (127 kg/ha).

B. P efficient bean varieties from ZamoraR&U program During the 200910 Short
Rainsseason, the KARI Grain Legume Program did further evaluation and selection with
23 nutrient efficient bean lines from the Zamord&®U program: XRAV 188, XRAV
40-4, Amadeus 77, Carrizalito, MER 2228, XRAV 681, IBC 30815, MER 222612,
MER 222635,MHR 311-17, MHR 31213, IBC 30229VR, MHR 3143, MER 222629,
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MHC 2-11-33, IBC 30923, MER 222636, MER 222634, MER 222120, IBC 30881,

MER 221228, IBC 3056 and IBC 3085. A local, small seeded, red variety GLP585
and medium seeded, mottled varietyR=2 werealso included as checks. Varieties were
planted in a completely randomized design with 3 replications. Seeds of each line were
sown in 2 m long rows without any added P fertilizer. The soil used for the evaluation
was tested and found to be dediti in phosphorus (Olsen P = 8.4 mg/kg). Stand counts,
days to flowering, disease/pest rankings, days to maturity and yield were recorded.

Days to flowering and days to maturity did not vary much across the introduced lines
(42.7-44.5 days; 80-B2.7 dag), and were not strikingly different from the local checks
(43 days; 81 days). Plant mortality was quite variable ranging from 21.9% to 77.1%
across the introduced lines and 49.6% to 53% by the local checks. Mortality was most
strongly associated with BB common mosaic necrotic virus (BCMNYV). In particular
IBC 30681, IBC 30923, MER 221228 and MER 222-P0 had the highest incidence of
BCMNV and mortalities of 77.1%, 53.9%, 75.7% and 61.1%, respectively. Introduced
lines XRAV 681 and XRAV 1873 had thdowest BCMNYV incidence and mortalities of

only 24% and 34%, respectively. The incidence of angular leaf spot, rust and common
bean mosaic virus was generally low across all lines including the local checks.

Yields from the introduced bean varieties ranffeth 133 g/plot to 1000 g/plot and the
local check yields averaged 467 g/plot (GLP585) and 458 g/plot (GLP2). The top five
highest yielders were: XRAV 183, MER 222635, MER 222636, Amadeus/7 and

IBC 30815. Seven of the lines tested in SR@Pwere slected for utilization in future
breeding efforts by the KARI Grain Legume program. The lines selected were: MER
222612, XRAV 404, IBC 30815, IBC 30923, MER 222636, IBC 30881 and IBC
3056. KARI is currently seeking b8 breeding materials to crogsth the selected lines

to protect against BCMNV.

C. Germplasm screening for resistance to BCMV and BCMMS. Roselyne Juma is a

bean breeder at KARHak amega who was recently recruite
Moi University with FY10 HC Capacity @lding funds from the DGPCRSP. Ms.
Jumabs Masters research was initiated duri
screening trials distributed across the project soil fertility gradient sites: (i) to characterize
commercial and advanced breeding bearmgéasm for its reaction to BCMV and

BCNMV; and (i) to verify the prevalence of BCMV and BCMNV in Western Kenya.

A total of 32 breeding lines from the KARlakamega breeding program were tested at
each site using an alpha lattice design withreplications. Three lines from the
ZamoranePSU program were included in the testing: XRAV B™MER 222634 and
MHR 3143. Stand counts, number of plants with BCMV and BCMNV symptoms and
severity of BCMV and BCMNV symptom scores were collected along griain yields

at maturity.

Ms. Juma is currently analyzing her data, but preliminary results indicated that both

BCMV and BCMNV were prevalent across all sites within the South Nandi project area.
In addition, she observed that there is sufficient genedriation for manipulation to
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develop bean varieties with multiple disease tolerance to BCMV and BCNMV. Varieties
showing tolerance to BCMV that were common across all sites were:@@XJ and
KK-8. Varieties with tolerance to BCMNV that were commonoasrall 4 sites were:
BCO-05/10, BCG05/32, BCO05/18, BCG05/137, BO05/25, BCOG05/49, BO05/35,
BCO-05/03, BCG05/09 and KKRR 05/23.

Technical Reports

5. Nutrient analysis of grain and edible leaf samplé3ur objective with this activity

was to document the nutrieabntent of bean and lablab food products generated from

local varieties and under farm environmental conditions in order to obtain accurate
assessments of potential food nutrient intakes by smallholder farm households in Western

Kenya. Bean and lablabagn as well as lablab leaf samples were collected from 10

farms per cluster across the soil fertility gradient after 20 har vest s. Far mer
bean varieties and KK8 were collected as well as bean and lablab grain from TSP and no

P treatments. Younigaves of lablab were plucked just before flowering representing the

common household practice of leaf harvesinitnoga

All samples were oven dried at 60°C and sent to Cornell University for nutrient analysis.
The grain and leaf materials were grduand microwave digested with nitric acid.
Nutrient concentrations (except N) in the digests were determined by ICP analysis.
Nitrogen was analyzed directly on dried, ground samples via a combgsason
chromatograph unit. NBS tomato and apple standaste wcluded to assess accuracy.
Standard recoveries averaged 91% for macro/micro nutrients and 93% for total N.
Results summarized by site and plant products are presented in Table 2.

Table 2 Macro- and micronutrient content of bean grain, lakyghin and lablab leaves from
South Nandi farms

Bean Grain
Site Nitrogen Boron MagnesiumPhosphorus Sulfur  Potassium Calcium Manganese Iron Copper Zinc
% Hg/g % % % % % Hg/g ug/g /g Hg/g
Kapkerer 3.07£0.52 9.84 +1.970.183 + 0.0230.409 + 0.0730.182 + 0.031 1.39+0.190.165 £ 0.040 17.09+3.16 52.82+8.95 8.34+1.46 31.26 +4.5
Kiptaruswo 2.88+0.23 9.32+1.670.195 + 0.0150.420 + 0.0780.196 + 0.016 1.56 + 0.120.157 +0.035 16.33+4.34 4552+6.33 8.30+1.93 33.93+3.4
Bonjoge 3.01+£0.22 7.82+2.140.163 + 0.0170.349 + 0.0530.181 +£ 0.018 1.29 + 0.110.133 + 0.026 13.51+2.47 46.12+11.09 7.99 + 1.57 29.46 + 3.1!
Koibem 2.77 £0.2210.74 £ 1.290.189 + 0.0200.381 + 0.0230.173 + 0.011 1.50 + 0.030.157 £ 0.035 17.96+2.17 49.47 +5.45 8.76 + 0.80 30.31+3.3
Average 2,93+ 0.33 9.42+2.050.182 + 0.0220.389 + 0.0630.183 + 0.021 1.44 +0.160.153 £0.035 16.19+3.51 48.33+8.52 8.35+1.43 31.24+3.9
Cv 11% 22% 12% 17% 12% 11% 23% 22% 18% 18% 13%
Lablab Grain
Site Nitrogen Boron MagnesiumPhosphorus Sulfur  Potassiun Calcium Manganese Iron Copper Zinc
% [Lele] % % % % % Mg/g Halg ug/g Ma/g
Kapkerer 3.77+0.28 9.47 £1.160.165 + 0.0150.423 + 0.1200.178 +£ 0.025 1.20 + 0.100.093 + 0.012 25.68 +4.93 51.16 + 13.2313.28 + 2.05 31.96 + 4.8!
Kiptaruswo 3.61+0.26 8.67 +1.660.188 + 0.0150.492 + 0.0840.195 + 0.024 1.44 + 0.150.084 + 0.015 24.30+3.75 57.61+12.158.24+1.58 35.73+ 4.3
Bonjoge 3.38+£0.39 9.63+1.740.180 + 0.0130.413 + 0.0630.207 + 0.014 1.32+0.130.081 £ 0.018 23.87+2.09 59.11+6.53 8.52+1.12 33.03+1.7
Koibem 3.68+0.29 9.96 + 1.820.188 + 0.0130.418 + 0.0580.201 + 0.012 1.38 + 0.100.082 + 0.014 31.24+8.83 57.42+9.3710.09 + 1.81 34.45+ 3.4.
Average 3.60+0.32 9.41 +1.680.183 + 0.0150.440 + 0.0830.197 + 0.020 1.36 + 0.140.084 £ 0.015 26.51+6.34 56.94 +10.21 9.63+2.34 34.27 + 3.6
Ccv 9% 18% 9% 19% 10% 11% 18% 24% 18% 24% 11%
Lablab Leaf
Site Nitrogen Boron Magnesium Phosphorus Sulfur  Potassium Calcium Manganese Iron Copper Zinc
% Hg/g % % % % % Hg/g ug/g /g Hg/g
Kapkerer 4.56 +0.7:328.42 + 9.950.313 + 0.0830.361 + 0.1590.295 + 0.0456 1.95+ 1.03 1.55 + 0.55187.05 + 75.87320.97 + 101.37 8.67 + 1.5/538.26 + 10.6
Kiptaruswo 4.13+0.3322.40 £ 5.210.277 + 0.0800.266 + 0.0380.256 + 0.022 1.37 £ 0.33 1.47 +0.25126.67 + 47.14 210.57 + 37.82 6.63 £ 0.86 27.10 £ 5.5
Bonjoge 4.00 £+ 0.4633.66 + 5.820.391 + 0.1330.217 + 0.0420.249 + 0.034 1.31+ 0.37 2.08 +0.49213.75 + 53.5882.14 + 157.71 6.54 £ 0.79 26.84 + 4.5!
Koibem 4.21 +0.2731.59 + 6.400.315 + 0.0880.320 + 0.0620.279 + 0.019 1.64 + 0.34 1.47 +0.5/5187.58 + 79.23 194.84 + 30.89 7.64 + 0.84 26.50 + 3.2
Average 4.22 +0.5129.02 + 8.050.324 + 0.1040.291 + 0.1030.270 + 0.035 1.57 + 0.63 1.64 + 0.53178.76 + 70.71277.13 + 121.87 7.37 + 1.34 29.68 + 8.1(
Cv 12% 28% 32% 35% 13% 40% 32% 40% 44% 18% 27%
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Bean grain nutrient contents at Kapkerer, Kiptaruswo and Koibem were not significantly
different from each other, but Bonjoge samples had consistently lower bean nutrients
(except N, Ca, Fe, Cu). This may be explained by the particularly high pest aasedis
severity observed at the site during the SR 20@8eason. Despite the differences seen

at Bonjoge, our nutrient results were within the ranges observed in the large CIAT bean
accession nutrient analysis study of Beebe et al. (2000). Surprisiregly were no

di fferences in nutrient content between
suggests similarity in genetic potential between these bean varieties in terms of nutrient
content. There were no significant effects of the TSP treatmebean grain nutrient
contents.

Lablab grain nutrient contents were statistically similar across the sites, except for Cu,
Mg and K. Kapkerer samples were lower in Mg and K than the other sites, but had the
highest Cu of all sites. The lower Mg and Kuks are consistent with the depleted soil
conditions at this site compared to the others, but it surprising that we did not see a
similar response with bean grain. There was no impact of the TSP treatments on the
lablab grain nutrient contents.

Significant site differences were found in lablab leaf P, S, Ca, Mn, B, Fe, Cu and Zn
content results, but there were no consistent patterns to help in explaining why these
differences arose. There were no effects of the TSP treatments on the nutrient content
resuts for lablab leaf.

Very little nutrient content data for lablab is found in the literature, making these results
for lablab grain & leaf the most comprehensive dataset available to date. Our results
indicate that with the exception of Ca, lablab graigénerally more nutrient dense than
bean with 8 to 23% more of macro nutrients N, P and S and higher micronutrients (64%
more Mn, 18% more Fe, 15% more copper, 10% greater Zn). Calcium, however, was
81% less in lablab grain than in bean grain. Lablalds were also high in important
human nutrients (especially Ca, Mg, Fe) but the level of intake of leaf materials is much
less than for grain, so the potential impact on diets would only be supplemental to the
grain. Crude protein levels derived from ttmtal N contents were: 18% in bean grain,
23% in lablab grain and 26% in lablab leaf.

6. Publication preparation It has taken us a bit longer than expected to key in and
check all the data from the Replicated Experiments. All data is now in electoomic
statistical analysis is complete and work is ongoing to develop draft manuscripts for
publication.

Objective 4 To facilitate and support efarm participatory research opportunities for
Kenyan agricultural scientists and graduate students

Approaches and Methods:

1. Implementation of student research projects
2. Masters theses

3. Sharing of results in annual meetings

4. Publications/Conference presentations
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Results, Achievements and Outputs of Research:

1.

Implementation oftudent research projedtshe field research of Silvester Odundo,

Eunice Onyango and Belinda Weya was completed during FY10. All students who

entered the program in FY08 or FY09 (with one exception) have completed their Masters

degrees or are in the mess of finalizing their thesis wrigps (see below). Caren Oloo

at the University of Nairobi had to withdraw and was unable to complete the degree

program.

FY10 HC Capacity Building funds were obtained to support field research for two new
students to mdertake Masters research within the project:

|l

Roselyne Juma is employed at KAR&dkamega in the Plant Breeding Division and is
enrolled at Moi University in the Department of Plant Breeding. She completed her
field research during the Long Rains 2010 seaocharacterizéoean germplasm
reaction to BCMV and BCNMV. Ms. Juma is finalizing her data analysis and will
present her complete thesis for review by the end of 2010.

Stanley Onyango is enrolled in the Department of Food Technology & Nutrition at
the Uhiversity of Nairobi. His Masters research focuses on the human nutrition
outcomes/ opportunities of lablab grain. During the Long Rains 2010, Mr. Onyango

completed a field survey of South Nandi households to assess consumptive patterns

of grain legumes ahto determine the various methods that woman used to prepare
lablab grain for eating. In addition lablab grain samples were collected for proximate
analysis and determining antinutrient content changes with soaking & cooking. Mr.
Onyango will complete &the laboratory analysis this Fall and will submit his final
thesis for review by March 2011.

Masters theseis The following summarizes student progress to date:

Crispus Njeru successfully defended his Masters thesis in Soil Science at Moi
University during FY10. Mr. Njeru studied the productivity of lablab during the
Short Rains across the soil fertility gradient and the impact of lablab residue
incorporation on soil fertility and productivity of matbean intercrop during the
Long Rains.

Eunice Ghyango has finalized her thesis and submitted it for review by the Dept. of

Applied Environment al Soci al Sciences
documented South Nandi farmersd react.i
strategies.

BelindaWeya has completed analysis of her Short Rairs@8xperimental data and

is currently finalizing her thesis on the use of seed priming with added nutrients to
address soil deficiencies of molybdenum or phosphorus. The final document will be
submitted forreview by the Department of Soil Science at Egerton University by
December 2010.

Silvester Odundo has completed analysis of his data from Long Rains 2009 and Short

Rains 0910 on the response of improved cowpea germplasm to P fertilizer and the
potential to produce grain in the suboptimal growing environments of Western
Kenya. Mr. Odundo is currently finalizing his thesis wuife and will submit it for
review by the Department of Soil Science at Moi University by December 2010.
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3. Sharing of resultén annual meetings Silvester Odundo, Belinda Weya, Roselyne
Juma and Stanley Onyango gave presentations on their Masters research at the annual
project meeting September-1%, 2010 in Kisumu, Kenya.

4. Publications/Conference presentationBuring FY10, three of the Masters students
presented their thesis research at professional conferences/congresses in Kenya (3
National Conference on Dissemination of Research Results & Exhibition of Innovations),
Tanzania (28 Conference of the Sofcience Societgf East Africa) and Senegal”(S
World Cowpea Research Conference 2010). Another presentation is forthcoming at the
12" KARI Biennial Scientific Conferencia Nairobi. See section VII for citations.

Explanation for Changes
No changes

Networking and Linkages with Stakeholders

1. USAID MissionNairobi- Courtesy visit on November 1, 2009 accompanied by Dr. Irv
Widders (DGPCRSIMO); met with the Regional Agricultural Advisor for the Regional
Economic Growth & Integration Office and Directof the Agriculture, Business &
Environment Office. Dr. Lauren discussed project progress to date, while Dr. Widders
presented on overview of the Global Pulse CRSP Program's research and technology
dissemination activities in Central and Eastern Africa.

2. Collaborations with 2 NGOs (REFSO, ARDAP) and one CBO (Avene) continued in
FY10 (see Objective 2, activity 1).

3. Collaboration with Leldet, Inc., a private seed company based in Nakuru, Kenya
continued in FY10. Lablab, KK8 and KK15 bean seed weoelymed from materials
sourced by the project. Dr. Lauren along with Dr. Widders and Drs. Mwonga & Tabu
(Egerton Univ.) visited the Leldet farm and seed production operation on October 30,
2009.

4. The project provided farmer contact information to Sytay&ast Africa Ltd. who
was interested in purchasing lablab seed. One farmer from the Koibem site sold 4 kg of
lablab to Syngenta in 2010.

Leveraged Funds

Name of PI Description of Project Dollar Amount | Donor Agency
Food Systems and Pove

Christopher Barret| Reduction Integrative  Gradu 3.5 million National Sciend

& Beth Medvecky | Education and Research Trairl = Foundation
Program
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List of Scholarly Activities and Accomplishments
Master Theses

Njeru, C.M. 2010. Effect of different soil fertility improving practices on productivity of
a cerealegume cropping system in low and high soil fertility areas in Western Kenya.
M.Sc. Thesis. Dept. Soil Science, Moi University. Eldoret, Ke@gap.

Odund, S.N. 2011. Effect of phosphorus on survival, biomass, P accumulation and yield
of cowpea Yigna unguiculata(L.) Walp]. across a soil fertility gradient in Western
Kenya. M.Sc. Thesis. Dept. Soil Science, Moi University. Eldoret, Kenya.

Onyango, E.M. @10. Perception of farmers on crop vigour enhancing strategies for soil
fetility management in Nandi South District. M.Sc. Thesis. Dept. Applied Environmental
Social Sciences, Moi University. Eldoret, Kenya. 118 p.

Weya, B.A. 2011. Effect of seed pringinon growth and yield of common bean
(Phaseolus vulgarig..) and lablab I(ablab purpureugL.) Sweet)along a soil fertility
gradient in Nandi South District, Western Kenyd.Sc. Thesis. Dept. Soil Science,
Egerton University. Nakuru, Kenya.

ConferencePresentations:

Njeru, C.M., R.O. Okalebo, J.O. Ojiem, C.O. Othieno, J. Lauren and B. Medvecky. 2009.
Effect of seed priming and phosphorus application on growth and producticiblaib
purpureusL. in low and high fertility areas in Nandi South Distridt\Western Kenya.

25" Conference of the Soil Science Sociefy East Africa. Moshi, Tanzania. 11
December 2009.

Njeru, C.M., R.O. Okalebo, J.O. Ojiem, C.O. Othieno, J. Lauren and B. Medvecky. 2010.
Maize-bean intercrop response to sole and combinednizgand inorganic fertilizers
applications in low and high fertility areas of Nandi South district! KARI Biennial
Scientific ConferenceNairobi, Kenya. 812 November 2010.

Odundo S.N., J. R. Okalebo, J.Ojiem, J.G. Lauren and B. A. Medvecky. 2010.
Productivity response of cowpeaVifjna unguiculata (L.) Walp]to phosphorus
application across a soil fertility gradie®® National Conference on Dissemination of
Research Results & Exhibition of Innovations. National Council of Science and
Technology. Nairobi, Kenya. 37 May 2010.

Odundo, S.N., J.O. Ojiem, J.R. Okalebo, C.O. Othieno, J.G. Lauren and B.A. Medvecky.
2010. Effect of phosphorus on productivity of cowp¥&pa unguiculatalL.) Walp]
varieties across a soil fertility degradation gradieiWestern Kenya5" World Cowpea
Research Conference 2010. Saly, Senegal. 27 Septerhligctober 2010.

Onyango, E.M., M.Odendo and W. Reginalda. 2010. Perception of farmers on crop vigor
enhancing strategies for soil fertility management in Nandit/S®istrict. 3 National
Conference on Dissemination of Research Results & Exhibition of Innovations. National
Council of Science and Technology. Nairobi, Kenyd. @ay 2010.
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Contribution of Project to Target USAID Performance Indicators

A total of 5 female students have been supported by the project to obtain Masters
degrees, but only 4 will complete their degrees. Five students arecansier
professionals working at either KARI or in the Ministry of Agricultiitension.

Collaborations with lodaNGO/CBO groups more than doubled our goal for short term
training with the 175 households benefiting from this intervention. All of the 8 project
vigor enhancing strategies continue to be under field testing by farmers. Five cowpea
varieties obtained ém the University of California Riverside and 10 nutrient efficient
bean lines obtained from ZamorarR@ennsylvania State are under research for grain
production (cowpea), response to BCMV/BCNMV (bean) or performance under low soil
P conditions (bean).

We are providing technical assistance to
All four HC partner organizations: KARI, University of Nairobi, Moi University and
Egerton University continue to benefit from the project.

After 2 years experimenting withuo vigor enhancing strategies, farmers have started to
scale up within their farms: approximately-82% haveupscaled boma compost,-38
40% were using KK8 beans instead of local varietie8@% were growing lablab and
8% were following improved spacingisd rate strategieslowever, due to the small size
of these farms, this only constitutes a cumulative arehOodfiectares compared to the
projected 20 hectares.

Two publicprivate partnerships were achieved through linkages with the Leldet Seed
Companyand Syngenta East Africa Ltd.

Contribution to Gender Equity Goal

Women have been a major target of trainingsfasm verification trials and exchange
visits. To date a total of 180 women have participated in the project from the core South
Nandi farmersand interested neighbors in surrounding communities plus clients with the
NGO/CBO groups. Women comprise 59% of the lead participants to date.

Three female KARI staff members have participated on the project to date. One is a Post
HarvestValue Addition specialist; another is a social scientist, who undertook
socioeconomic surveys as part of her project sponsored Masters degree program. The
most recent recruit is a plant breeder working on BCMV and BCMNV characterization

Three midcareer, professional wwen working at the Ministry of Agriculture as
Extension Officers have been sponsored for Masters degrees at the University of Nairobi
and Egerton University. One student has completed her degree and has resumed work and
one is currently finalizing her thiss Unfortunately the student at University of Nairobi

was not able to complete her degree
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Progress Report on Activities Funded Through Supplemental Funds

Host country capacity building activities undertaken during FY10:

Additional MSc students HC Capacity Building funds supported the Master research
projects of Roselyne Juma and Stanley Onyango (see report under Objective 4 above).
All field research activities have been completed and both students are now completing
analysis and thesis wrip.

Literature Cited
Beebe, S., A. V. Gonzalez and J. Rengifo. 2000. Research on trace metals in the common
bean. Food and Nutrition Bulletin. 21(4): 3891

Medvecky, B.A., Q.M. Ketterings, and F.M. Vermeylen. 2006. Bean seedling damage by
rootfeeding grubgSchizonychapp.) in Kenya as influenced by planting time, variety,
and crop residue management. App. Soil Ecol. 342/

Odhiambo, G.D. and E.S. Ariga. 2001. Effect of intercropping maize and bean on Striga

incidence and grain yield. p. 1886.In Proc. " Eastern and Southern Africa Regional
Maize Conference. 115 February 2001. Nairobi, Kenya.
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Dry Grain Pulses CRSP
Report on the Achievement of "Semi-Annual Indicators of Progress"
(For the Period: October 1, 2009 -- September 30, 2010)

This form should be completed by the U.S. Lead Pl and submitted to the MO by October 1, 2010

Using Improved Pulse Crop Productivity to Reinvigorate Smallholder Mixed Farming

Project Title: Systems in Western Kenya
e SRS SR Abbreviated nameé'of institutions
Cornell KARI
Target| Achieved |Target] Achieved [ |
[Benchmarks by.Objectives: - [9/30/10] Y N* [9/30/0] Y | N* [ | | [
(Tick-mark the Yes or No column for identified benchmarks by institution) e i
Objective 1 To develop & assess farmer capacity for improving vigor & growth of pulse crops ...
Reports on in-community trainings &
meetings
Farmer trials established
Objective 2 To disseminate & evaluate through participatory approaches ...
NGO partner monitoring reports x N
received
Farmer data collected X y
Exchange visits conducted & 5 J
technologies evaluated
Lessons learned reported X v X v
Extension materials developed and @ v % v
distributed
v To research factors (nutrients, t/di: and their inter ffe g pulse

Objective 3 productivity ... ‘ " P
Research experiments established
for 2nd year
Seasonal research results reported X v X N
Site visit trip reports X v X v
Germplasm testing reports
Annual meeting report X v X v
Nutrient analysis report
Publications in preparation X V X N
Objective 4 To facilitate and support on-farm participatory research apponﬁi?ies for Kenyan ...
Faculty progress reports X v
Student research reports at annual % J
meeting
Masters degrees completed X v X v
Publications submitted or

: : x X N
presentations given at conference |
HC Institutional Capacity Building
[Progress report on new students | | | | x | v | | | | | | | |
Name of the Pl reporting on .
benchmarks by inpstitutigon J:G-Lauron SO Gliem I | |
Name of the U.S. Lead PI
submitting this Report to the Mo |- H2U7e"

" '
10/1/2010
ignature Date
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Explanation for Not Achieving Benchmark

Objective 3
Publications in Preparation

It has taken us a bit longer than expected to key in and check all the data from the Replicated

Experiments. All data is now in electronic form, statistical analysis is currently underway and
will be followed by draft manuscripts for publication.
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Dry Grain Pulses CRSP
Research, Training and Outreach Workplans
(October 1, 2009 -- September 30, 2010)

PERFORMANCE INDICATORS
for Foreign Assistance Framework and the Initiative to End Hunger in Africa (IEHA)

Project Title: Using Improved Pulse Crop Productivity to Reinvigorate Smallholder Mixed
Farming Systems in Western Kenya

Lead U.S. Pl and University: Julie G. Lauren, Cornell University
Host Country(s): Kenya
2010 Target | 2010 Actual
Output Indicators (October 1 2009-Sept 30, 2010)
Degree Training: Number of individuals enrolled in degree training
Number of women 4 3
Number of men 2 3
Short-term Training: Number of individuals who received short-term training
Number of women 100 180
Number of men 50 125
Technologies and Policies
Number of technologies and management practices under 5 15
research
Number of technologies and management practices under 9 8
field testing
Number of technologies and management practices made 9 8
available for transfer
Number of policy studies undertaken
Beneficiaries:
Number of rural households benefiting directly 150 245
Number of agricultural firms/enterprises benefiting 1
Number of producer and/or community-based organizations 4 4
receiving technical assistance
Number of women organizations receiving technical 1
assistance 2
Number of HC partner organizations/institutions benefiting 4 4
Developmental outcomes:
Number of additional hectares under improved technologies 20 10
or management practices
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Enhancing Nutritional Value and Marketability of Beans through
Research and Strengthening Key Value Chain Stakeholders in Uganda
and Rwanda

Principle Investigator
Robert Mazur, lowa State UniversitySA

Collaboratoring Scientists

Dorothy NakimbugwelMakerere Uganda Michael UgenNaCRRI,Uganda
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Abstract of Research Achievements and Impacts

Significant progress in addressing research and development objectives has been made by
the project team. Activities to improve bean yields and quality (first objective) involve
refresher trainings on improved managemeatfces for production, harvesting, drying,

and sorting; experiments with hermetic storage; a farmer led field day to demonstrate and
explain practices and technologies; and sharing knowledge gained with other farmers.
Field experiment data for three cpipg seasons have been quantified and analyzed in
relation to seed variety and methods and techniques of soil fertility enhancement (manure
and phosphorus). This includes assessing some new early maturiig dé9s), drought
tolerant and anthracnose gant NaCRRI bean lines. Extension training materials have
been updated to reflect research results. Experiments at ISU focused on physiological
bases for accretion and partitioning of iron and zinc in bean seed, and drought tolerance.
We increased seed gjutities at ISU for processing and nutritional studies.

Regarding the second objective, enhancing the nutritional value and appeal of beans
through appropriate handling and processing, there are several important research
accomplishments. We analyzed effeof soaking, malting and steaming on protein and
starch digestibility, and polyphenol and phytate content. Optimizing the bean flour
processing protocol for production of porridges and sauces was followed by sensory
evaluation for consumer acceptancqti@ization involves Nutreal, a private company
coll aboration with Makerere Universityos
provides technical support tefine, brand and market bebased composite flouGiven

the focus in Rwanda on processingethods designed for application in rural
communities, research focused on developmenbagaholeptic evaluatioaf composite

flour for cold extruded snacks. Extrusion demonstrated in two rural communities was
enthusiastically received. Additional expeants onprocessed bean flour examined oll
absorption, wettability, emulsion capacity, and foaming capécdiyaracteristics useful

in communityp ased and commerci al applications.
competition and tntified pdpllae mew methods bf beha preparatiah e
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that can promote increased consumption. A rapid market survey of diverse market
channels in Kampala focused on nutrient enhanced flours for porridges, weaning foods,
supplementary feeding for children, readyeat snacks and foods, and bread. This
identified market opportunities for bean products.

Collaborative work to increase marketing and consumption of beans and bean products
(third objective) involved weekly updating of public market price boards IWEBDCO
operation areas in Kamuli and disseminating market prices for crops via cell phone
messages. VEDCO organized the first value chain stakeholder workshop in Kamuli that
identified marketing constraints in the bean value chain and strategies foocatilab to
overcome them.

Project Problem Statement and Justification

Agriculture in East Africa is characterized by women and men working in small scale,

rainfed production, averaging 2 hectares per household. Erratic bimodal rainfall patterns
in recentyears further challenge cropping results. Farmers have limited access to
extension, training for improved agronomic practices, inputs, new technologies, and
credit. Producers are not well linked with profitable markets, especially to emerging

sectors of dmestic and regional markets. Private traders operate on a small scale with
limited investment capability. Availability and use of processed products at present

remain very modest. As a result of low production levels, hunger is widespread and the
vast majoity of the rural population lives in absolute poverty.

Our recent efforts to introduce new agronomic practices and technologies demonstrate
encouraging progress. Ongoing collaboration since 2004 of lowa State University (ISU),
Makerere University (MAK), and Volunteer Efforts for Development Concerns
(VEDCO) i n Ugandaods Kamul i Di strict using
increased food security and market readiness from 9% to 77% among 800+ farm
households. The main crops are maize, beans, sweatggtaassava, bananas, rice and
coffee. Most (90%) of participating households produce beans, but few (20%) sell some.
The SL approach focuses on understanding and supporting individual and community
capabilities, assets (natural, physical, human, fingnsizcial, cultural and political
capital), goals, strategies and activities. Diversification of livelihood opportunities and
activities is crucial to sustainability. In combination with SL approaches, scientific
knowledge, improved technologies, financadsistance, and changes in government
policies can have significant positive local impacts. Participatory research methods can
generate knowledge that people can apply to improve their individual and collective well
being.

Beans provide a strategic oppority to help meet the Millennium Development Goal
targets of reducing hunger and poverty. Improved beans production in Uganda and
Rwanda offers unique opportunities to address the deteriorating food security situation
there and elsewhere in s@aharan #ica. The short growth period and two growing
seasons offer great opportunities to contribute to rural poverty alleviaptaying an
essential role in sustainable livelihoods of small scale farmers and their families,
providing food security and incom® the most vulnerable group, the women and
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children. Testing whether yield improving technologies result in beans with better
nutritive value (Objective 1) or processing characteristics (Objective 2) is an important
underresearched issue in this regidmproved linkages to emerging markets are also
essential (Objective 3).

Central problems limiting production of quality beans and higher yields

1 Declining soil fertility and inefficient cropping systems unable to utilize available
resources effectivelynal efficiently

9 Limited accessibility and affordability of quality seeds, +s&@ed inputs and other
yield improving technologies

1 Effects of drought and other weather related factors compromise productivity and
quality

1 Diseases (root rot, anthracnose, angular leaf spot, common bacterial blight, viruses,
rust, ascochyta blight) and insect pests (bean stem maggots, aphids, bruchids)

Central problems relating to nutritional value and processing of beans

Pre andpostharvest losses for beans are very high throughout the value chain, mostly
due to poor harvest and pdsirvest practices and poor-tarm storage facilities. Poor

pre- and postharvest handling also results in the majority of beans on the market being
characterized by mixed varieties and poor quality with high levels of foreign matter,
rotten or shriveled beans, and infestation. The lack of vadided bean products having
reduced preparation times makes bean preparation laborious with high fuedmequs;
consumers also tire of monotonous flavor, which may be improved by processing and
creation of valueadded beathased food products. As a result, an increasing number of
people are abandoning or reducing their bean consumption despite its doculngimted
nutrient content and health benefits.

The nutritional value of beans may be affected by phytates, trypsin inhibitors,
polyphenols, lectins, saponins, oligosaccharides and hemaglutinins. Phytates and
polyphenols limit iron uptake, and optimizing begmocessing to improve iron
bioavailability is a key need. Treatments such ashulkng, soaking, milling,
fermentation and germination (malting) and cooking enhance the digestibility and
nutritional value by lessening some of the above constituentsptirhizing bean
processing for nutritional value is needed.

Central problems inhibiting increased marketing of beans and derived food products

Prospects of marketing increased quantities of beans and newpragessed bean

products within the Ugandan ancegional markets require carefully examining

production and marketing constraints (increased farm productivity, producer incentives,

and access to better markets). Equally important is examining prospects for increasing
demand for beans and agpmocessedor oduct s (understanding con
preferences, increased consumer awareness of benefits of consuming beans and other
valueadded products, increasing consumer choices of \alded products, etc.).
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Planned Project Activities for April 1, 2009- September 30, 2010
Objective 1: To Improve Harvested Bean Quality and Yields

Approaches and Methods:

Obj. 1a. Determine and PrioritzKey Production Constraints 8ix Priority Bean Varieties
Quantify the effects of abiotic stresses on physiology and yield formation of priority bean
varieties

1 Metaanalysis of the effect of the biotic and abiotic factors on the yield of common
beans. The methodology will involve collecting data on yield frdrpablished papers
and subjecting them to megamalysis to determine major constraints and trends in bean
yields.

T Controlled environment (greenhouse) experiments conducted to compare the
physiological responses of five priority varieties to limited water supply during grain
filling.

1 Controlled environment (growth chamber) experiments to compare the physiological
responses of five priority varieties to high temperature stress during grain filling.

1 Document impacts on seed number, seed size, and seed nutrient composition.

Benchmarks

Oct. 2009 Mar. 2010

T Metaanalysis report on the effect of water stress.

71 Relativesensitivity of varieties to water stress documented
T Impact of stress on seed nutrient composition documented

Apr. 20101 Sept. 2010
1 Relative sensitivity of varieties to high temperature stress documented
Impact of stress on seed nutrient composition decued

Obj. 1b. Improve Quality and Yields of Beans through Evaluation of Better Production
Practices

1 Repeat season 1 in 2009 replicated field trials with 6 cooperating farmer groups (30
locations) to compare the yield of (NABE 6 [white dry bean, small seeded] and K
131 [carioca dry bean] and K 132 and NABE 4 [red mottled beans] in Kamuli
district)

1 Repeat season 1 in 2009 assessment of benefits of improved soil fertility by
comparing the yield of manure fertilized vs. rAentilized treatments on K 132 [red
mottled bean] in Kamuli district in Uganda.

1 Establish irrigation/fertization demonstration aEDCO office garden in Kamuli.
Document benefits for production, nutrient value, and economic returns on beans.

1 Document and analyze location x genotype effects on yield, yield components, and
seed nutrient composition.

1 Compare impact of timely harvesg on initial seed quality (germination, fungal and
insect infestation, physical damage) and maintenance during storage.

1 Compare storage techniques and their impact on germination.
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Benchmarks
Oct. 2009 Mar. 2010

T 2009 yield data collected and analyzed

T 2009 seed composition analyzed

T Impacts on bean quality from improved harvest and storage techniques documented
T Irrigation/fertigation demonstration established

Apr. 20101 Sept. 2010

T 2010 trials conducted using improved production practices

1 Yield and nutritional profile of priority varieties confirmed

T Optimum response and economic return on irrigation determined

Obj . lc. Strengt hen FagatoleanadSha&olnnbvaticet i ve Cap a
Practices

T Promote adoption of recommendgdactices to increase yield of quality beans
through RDE and farmer training, and facilitating access to superior varieties and
priority inputs

T Train cooperating farmers in bean production practices, including gme post
harvest handling, and marketingnd the importance of careful record keeping for
research and demonstration activities using the production manual prepared for this
project.

1 Conduct field days at research/demonstration sites for farmers outside of VEDCO
cooperator groups.

Benchmarks
Oct. 20091 Mar. 2010

1 All cooperating farmers and farmer group members trained in research methods
1 Open field days conducted at selected variety trial and fertilizer trial sites
1 [Irrigation/fertigation techniques demonstrated to RDEs and CNHWs

Apr. 20101 Sept. 2010

1 Farmer knowledge on participatory research methodologies/designs put into practice
for improved field trial implementation

1 Trainee followup conducted to reinforce implementation of recommended practices

1 Recommended research results incorporatéal training procedures and promotion
protocols RDEs in other VEDCO operational areas and beyond (NaCRRI can use the
6l essons |l earned6é to apply to their other

1 Field days conducted for other NGOs, international agencies, and foundation
representatives interested in the farttefarmer approach to achieve sustainable
food securityi include other researchers from NARO institutes and other relevant
organizations

1 Results from objectives 1a and 1b (above) to be applied to other bean pgoduci
districts by NaCRRI and other research units or institutions
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Results, Achievements and Outputs of Research:

Determine and Prioritize Key Production Constraints of Five Priority Bean Varieties
Metaanalysis of the effects of water and temperature stresselds is underway. The
literature review is completed, and analysis is focusing on yield and its components.
Previous research provided limited information on seed composition. Preliminary
experiments on sensitivity of varieties to water stress haem completed. There was
difficulty is controlling the level of stress due to aggressive plant growth with adequate
fertility. Morphological plasticity and varietal differences to stress were determined. Two
varieties (K131 and NABE2) were more toleramtstress, while NABE4 was the most
prone to water stress, probably due to its luscious growth under the adequately fertilized
greenhouse soil mix. Initial research to documented impact of stress on seed nutrient
composition has involved assessing commercaaieties from Uganda (K131, K132,
NABE2, NABE4 and NABEG6) in the greenhouse.

At present, results are inconclusive because we could not sufficiently control the stress
due to the wide plasticity in plant growth. Varieties from NaCRRI selected as stress

tolerant currently in our studies include K131 and NABE2. These have undergone

preliminary trials for drought tolerance in the greenhouse at ISU. Water stress studies at
ISU will be completed this winter following replication in the greenhouse. Nitrogen fr

soil has been obtained for studies which will enable better management of vegetative
germination

Collaboration has been initiated and a Material Transfer Agreement (MTA) signed
between CIATColombia and lowa State University. With this agreement, wal s
receive germplasm from breeders that reflects variation in drought and seed nutritive
composition. Recombinant Inbred Lines and their parents will be very useful in
understanding the physiology of seed nutrient composition. Use of RILs will enatlole us
compare lines with the same growth habit.

We are also working to increase the quantities of seed for processing and nutritional
studies. A total of 60 kg of clean bean seed was produced at ISU (NABBEKg,
NABE2 - 10 kg and K131' 10 kg). Other vasdties (NABE4, K132 and Kanyebwa)
planted at ISU were destroyed by flooding and residual herbicides. Land has been
secured for multiplication of more seed on organically managed land at the ISU
horticulture farm in 2011.

The National Crops Resources ReshdResource Institute (NaCRRI) at Namulonge has
developed early maturing varieties of lines that are drought tolerant and resistant to
anthracnose. These lines are being evaluated in Kamuli. In the coming season, they will
be included in physiology studies ISU. NaCRRI recently received over 200 nb&an

lines (lines high in iron, zinc and protein) from the University of Nairobi through our
CIAT partners for multiplication this season. The seeds planted at NaCRRI for
multiplication will facilitate evalation next season. ISU will use some of the seeds for
physiological studies once the multiplication increases the quantity of seeds available.
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Improve Quality and Yields through Evaluation of Better Production Practices

In 2009, 30 trial sites werestablished for both season 1 and season 2. Data were
collected from planting through harvest. After harvesting, samples were taken to NaCRRI
where measurements of seed total weight, clean seed weight, 100 seed weight and
moisture contents were taken.

These results represent combined data of two seasons carried out in 2009. Four improved
varieties (K132, NABE4, K131, NABEG6) developed at NaCRRI, and a popular local
variety (Kanyebwa) were evaluated at each site. The fertility trial involved application of
10 T/ha organic manure applied at planting. Plots were 5m x 5m, arranged in a
randomized complete block design with two replications. Seed yield per plot was

guantified on

6cl

eaned

seedd (shriveled

Only K131 yieldedsignificantly more than the local variety)Kanyebwa (Figure 1). The
yield of all varieties was far below the potential yield of 12000 kg/ha [meaning 6600

800 kg/acre] observed on NaCRRI research station fields. Manure application increased

seed yield ball varieties except NABEA4. Yield increases up to 34% for K131, 53% for

K132, and 70% for Kanyebwa were observed (Figure 2). Yield increases were due to

seed

corresponding increases in the number of pods and seeds per plant (data not shown).
However, even thdest yields with manure were less than 50% of the yield potential.

This could be due to insufficient and unbalanced nutrient supply as well as diseases and
pests.

Based on these results, other sets of experiments have been initiated to assess on farm the
effect of phosphorous, manure and the interaction between manure and phosphorous on
the yield of common beans. Further, pest and disease incidence and severity, as affected
by soil fertility treatments and intercropping, will be assessed. Intercropparg vath

maize and other crops is a common practice in Uganda. Performance in terms of yield
and ease of management in a crop mix is one of the criteria that farmers use in selection

of varieties. On farm trials will assess the yield advantages that doonu@ bearmaize
intercrop on farm.

relationship to yield.

Important pests and diseases will be assessed during pod filling to
determine how the incidence and severity relates to the fertility treatments and its
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Figure 1. Genotypic variation in
yield of common beans under
farmersdé conditi
mean for two growing seasons.
Means with the same letters are nc

significantly different at p < 0.10.
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Seed samples were obtained from each oh#reested trial plots during the first season

of 2010. The seeds were fumigated to prevent them from becoming infested with weevils.
Once the phytosanitary certificate papers were obtained for export to the U.S., seed
samples were sent to ISU for analysis

To determine the effect of soil fertility on seed composition, seed samples from Kamuli

were analyzed for mineral composition, total carbon and percentage protein content.
Mineral analysis was done usingductively coupled plasmdGP) mass spectrometr

The percentage total carbon and percentage total nitrogen were determined by
combustion technique (TruSpec CN, LECO). Seed protein concentration was estimated
by nitrogen concentratiox6.25. Nitrogen content was determined by combustion.

There wereno significant effects of manure application on seed composition for
Phosphorous (P), Potassium (K), Zinc (Zn), Copper (Cu), Iron (Fe), Manganese (Mn),
Aluminum (Al), Calcium (Ca), Magnesium (Mg), % total carbon (TC) and protein
content. Significant manureffects were only documented for Sodium (Na). Significant
variety differences in composition were only present for K, Fe, Mg and protein content.
In all cases, the Variety x Manure interaction was not significant. Correlation analysis
showed that Fe conie was positively correlated with Mn (0.58, p<0.001), Ca (0.82,
p<0.001), Na (0.71, p<0.001), TC (0.37, p<0.05) and protein concentration (0.40,
p<0.05). Protein concentration was also positively correlated with Mg (0.50, p<0.001).
Zinc had no significantorrelation with all the other seed components analyzed.
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The first season 2010 trials were established Api@57 A total of 30 sites were
established. Three out of the five sites for each group were for variety trials, and the
remaining two were for féfity trials. However, the fertility trials this time consisted of

24 plots compared to 18 during the last season. Before planting the trial plots, soil
samples were collected and taken to Kawanda Agricultural Research Institute for
analysis. The amountfophosphorous applied depended on the soil test results.
Phosphorous levels used were 60, 40 and 20 kg/ha. In plots where Phosphorous x Manure
interaction was used, half of the corresponding levels of phosphorous were added. Both
farm yard manure and phdsge were applied to the different plots this time. For this
report, results from plots where 60 kg/ha of Phosphorous was applied are reported. For
the other Phosphorous levels, the number of farms was insufficient for statistical

comparisons.

Farmers coducted germination tests before planting of the trials, as learned during
project training. Planting was done with spacing of 50 cm between rows and 10 cm
between plants within each row. Each plot was 5m x 5m. Weeding of the trials varied
from group to grap, depending on the planting dates. Overall, weeding was carried out
two to three weeks after planting. Harvesting occurred beforedaydas recommended,

to avoid shattering and losses.

Results showed that the there was a significant effect of Locat\ariety interaction

for total seed yield, clean seed yield and seed size (100 seed weight inherently varies
among the varieties due to differences in seed size, though soil fertility treatments could
have some effect). However, there were no signifidfierences in the total yield
among varieties (see Table 1). K131 had the highest clean yield, while NABE4 had the
lowest clean vyield, with 48% of the seed classified bad seed (poorly filled, diseased).
Drought and heavy rain affected growth and yieldame locations.

Table 1 Variety Differences in the Mean Yields of Five Common Bean Genotypes

Variety Total Yield Variety Clean Yield Variety Seed Wt.
(kg/ha) (kg/ha) (@

K132 567A K131 372A K132 46.4A
Kanyebwa 527A K132 351A NABE4 39.7B
K131 526A Kanyebwa 341AB Kanyebwa | 35.8C
NABE6 522A NABE6 319AB NABE6 17.8D
NABE4 517A NABE4 270B K131 17.0D
Means values with the same | etter ar

e not

In this trial, three varieties, K131, NABE4 and Kanyebwa wempared in 3m x 3m
plots. The orfarm trials were arranged in Randomized Complete Design with two

replicates per treatment. Soil fertility treatments included:

(1) Farm Yard Manure

(10T/ha), (2) Single Super Phosphorous (60 kg/ha), (3) Farm Yard Mdiré&) and

Super Single Phosphorous (30 kg/ha), and (4) Control. For seed collection, boundary
rows were excluded and the equivalent to%was harvested. Yields per plot were then
standardized to 13% moisture content and to kg/ha.
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There were significandifferences in yields among farmers, but no significant effect of
soil fertility treatments, variety and soil fertility x variety interaction on the total and
clean seed vyields. The limited response could be due to insufficient soil fertility
amendment Mels or unbalancedutrientsduring the flowering and seed filling. The
climate in Uganda is warm, such that any applied organic manure quickly decomposes
and thereforaitrogen (N)becomes available early in growth, while the excess is leached
or volatilized. The beans may therefore have had insufficient levels of N during the
critical stages of flowering arsked filling. Further, in Phosphorous f¥icient soils, P
applied as fertilizer is quickly fixed by the Iron and Aluminum oxides prevatent
Kamui soils. Thus, only a small amount is left in the available form for plant uptake.
These factors could partly explain the lack of significant effect$ ahd P on the yield

of common beans.

Despite the overall lack of significant differences, the fgrtitreatments generally
yielded higher than the control, with higher yields where phosphorous was part of the
treatment (see Table 2). Application of phosphorous alone led to a 32% increase in clean
yield compared to the control. The response to phospeasbows that it is needed for
higher bean yields. Analysis of the 100 seed weight showed significant differences
among varieties, as expected, and a significant soil fertility treatment effect on seed
weight. However, the variety by soil fertility intetéon was not significant. Farm yard
manure application seemed to lead to a bigger seed size. Other experiments should
compare increasing rates of phosphorous to determine the most appropriate range for the
soils in Kamuli.

Table 2 Effect of Manure (M)Phosphorous (P), and Manure by Phosphorous (M x P) by
interaction on the yield of common beans

Treatment '(rk%t/?ﬂ:a\)(ield Treatment gll(lgﬁ]r;)Yield Treatment zsed Wt

Control 633B Control 415B Control 31.0B

Manure T47A Manure 509A Manure 33.7A

Phosphorous | 787A Phosphorous | 552A Phosphorus | 31.0B

Mx P 752A Mx P 516A Mx P 32.3B

Means values with the same | etter are not

Seed samples for all three seasons completed in Kamuli have been retdSedfor
processing and nutritional studies. The following quantities of seeds have been received:
K131 = 20.4 kg, K132 = 18.15 kg, NABE4 = 20.55 kg, NABE6 = 17.65 kg, and
Kanyebwa = 14.8 kg.

Drought is becoming increasingly common in Uganda, includ&amnuli district.
Farmers are in no position to time planting as they used to as weather has become
unpredictable. Farmers noted that they used to plant in June and July to take advantage of
the second, albeit shorter, rainy season; now, however, théiligliaof efforts to
successfully oO6timedé planning has become
identified eight early maturing lines, with two already released for farmer use. These
varieties/lines mature in 685 days, which can help farmers to ¢gwoe beans in the

48



Dry Grain Pulses CRSP Technical Reports
FY2010

context of unpredictable variation in the timing and duration of the rainy season. These
lines are currently being evaluated in Kamuli for their performance. Data from those
trials will soon be sent to ISU for analysis.

Evaluate and Redce PostHarvest Losses

Members of the six farmers groups were mobilized in their respectivecsutties for

this training. NaCRRI research technicians Richard Sekabembe and John Sulume trained
70 farmers (59 women and 11 men) on proper methodlsmvesting seeds as soon as
they reach physiological maturity. To avoid losses, farmers were shown how to use string
or banana fibers to tie bunches of harvested beans and to use sacks for transport to their
homes. Using tarpaulins for a clean drying emwinent was emphasized, as were sorting
and redrying of seeds to achieve and maintain the recommended moisture content.
Farmers were shown that using less violent methods of threshing avoids splitting the
seeds. They were also trained on proper storadk,sacks on a raised platform and not
touching the wall of the house. For seeds, proper use of fungicides and pesticides was
demonstrated to minimize losses during storage and maintain seed quality. For
consumption, regular drying and use of preservatirea the neem tree and ash can be
used. Farmers indicated that adoption of recommended -lparstest management
practices (harvesting, transporting, drying, threshing, sorting and storage) resulted in loss
reductions.

Materials for posharvest training
materials for use by extension agents
and farmers have been developed with
input from a consultant from Mango
Tree, a norgovernmental organization
specializing in education and
communication. These materials cover
crop production (land selection, land
prepration, planting, weeding, and soil
fertility management), pest and disease
management, and prand postharvest
handling. The training materials were
pretested in the field, followed by
workshops with farmers to incorporate suggestions into the pratesvision. Each
group was subsequently given one set of charts for use during their training sessions.

An experiment was conducted in rural Kamuli during JAlygust, 2010, to determine

the effectiveness of hermetic storage in controlling insects amshand corn. Heavily

infested beans (bruchids) and corn (weevils) were purchased in the local market and

stored in used but clean edible oil 10L plastic containers under two conditions: (1)
hermetically sealed (airtight) and (2) open to air infiltration ddosed to insect migration

in or out of the container. The containers were stored at ambient conditions
(approximately 22eC) for four weeks. The w
infestation (live and dead insects) were determined befateatier storage. After four

weeks of storage, the total number of insects approximately doubled in the hermetically
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sealed containers and tripled in the open containers. However, the hermetically sealed
containers resulted in 100% insect mortality. In dpen containers, approximately 50%

of the insects were alive and actively feeding on the beans and corn beans which resulted
in significant quality deterioration compared to hermetic storage. The CRSP project team
is currently investigating the feasibilitpf replicating this experiment using larger
containers, such as 200L plastic barrels typically used for water storage.

Strengthen Farmersodé6 Coll ective Capabilities
Continuing training on research methods and proedto be used for the 2010 field

trials involved all six farmer groups. NaCRRI research technicians conducted this
training in March prior to the onset of the first season trials. The topics covered included
farmers roles and benefits, site selectiomt phyout, treatments and randomization. It

helps farmers understand why and how treatments and activities are involved, the outputs

that are expected, and how they can internalize and institutionalize these actions. This
enhances f ar me rasn@anagement andltbeir sease of mwnérships of the

process and the results.

Improved and nofimproved seeds were planted near each other for comparison
purposes. During the field trials, farmers observed that their local variety has a shorter

maturity peiod compared to the other varieties, though it can be significantly affected by

diseases and attacked by pests. In response to this, the NaCRRI technical team introduced

a new variety, similar to the farmerso6 own
perfomance. When the four original improved varieties did not perform as expected,

farmers identified a local variety that is similar to NABE6 (white in color) and planted it

near the established trials. When harvested, it yielded better than NABE6. NaCRRI
resarchers are examining these results and determining appropriate action for future

field trials. Research results have been incorporated in subsequent trainings sessions.

Trainee followup was conducted by VEDCO and NaCRRI staff immediately after the
training and thereafter VEDCO followp the trainees on a regular basis. Through these
follow-ups, VEDCO has been able to note that the adoption rate was high. Farmers
practice what they have learned on their own fields share with their neighbors. Project
recommended practices are already being informally disseminated teprogect
households and areas, Project team members are also incorporating other innovative
practices, such as improved bean recipes, to help farmers increase consumption and
improve nutritian.

The first CRSP field day was held on July 2, 2010, in Butansiceubty. CRSP and
nonCRSP farmers were mobilized and all the partners in the CRSP project took part.
Approximately 150 farmers (twthirds of them women) and other stakeholders
participated. The objectives of this field day were to enable farmers to share with others
the knowledge that they have acquired through research, demonstrate and explain new
management practices and technologies (germination testing, site selection, land
preparation, row planting and spacing, timely weeding, pest management, harvesting
methods, posharvest handling, moisture content, seed preservation), storage
technologies and methods (triple bagging, airtight plastic containers), and community
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based sekproduction. In addition to demonstrations and discussions bdigldrand at
060stationsdé6 regarding management practices an
theatr ed t 0oftenovithrgneatly appaeciated hunioto field day attendees.

e =l Ve s

The field day enabled the project team and participating farmers to obtain suggestions
from other farmers and stakeholders to improve practices or approaches which will be
useful in dissemination and scaling Wgronomic management praodis (soil fertility
enhancement, planting, management of diseases and pests, etc.) are being applied on
other crops, by neproject households, and in other communities. We have been
informally exploring approaches for hope when disseminating recommemdeticgs

and technologies within the next year to #ORSP households in Kamuli and
subsequently beyond, once ongoing experimentation and application are completed.

Objective 2 To Enhance Nutritional Value and Appeal of Beans through Appropriate
Handling and Processing

Approaches and Methods:
Obj. 2a. Evaluate and Reduce Rékdrvest Losses

1 Development of pogtarvest training materials and adoption of existing ones

1 Training of farmers in pre and pedsarvest handling of beans for minimal
detrioration
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1 Evaluation for extent of adoption of innovations from training
1 Evaluation of influence of farmer innovation uptake on fh@stest losses

Benchmarks

Oct. 2009 Mar. 2010
1 Materials for posharvest training developed
1 Farmers training in preand post harvest handling completed

Apr. 20101 Sept. 2010
1 Evaluation of extent of adoption completed

1 Influence of innovations on pekarvest losses evaluated

Obj. 2b. Analyze Influences of Agronomic Condgiand Processingn Nutritional
Qualities of Beans

f Five bean varieties (NABE 2, NABE 4, NABE 6, K 131 and K 132) harvested from
experimental farms in Wakiso district in central Uganda have been obtained. These
varieties will be subjected to various processing techniquexéormed according to
procedures developed by Dr. Nakimbugwe at MAK and Drs. Hendrich and Murphy at
ISU. They will be assessed for nutrition quality. Nutritional quality analysis will
focus on nutrient and mineral content (done in collaboration with DWWe st gat e 6 s
laboratory in Agronomy at ISU), protein and starch digestibility, iron bioavailability,
bean ferritin and antutritional factor (phytate, polyphenols) contents as key
determinants of iron bioavailability.

1 Iron bioavailability will be deternmied according to methods proposed by Gagtia
al. (1996) and Au and Reddy (2000), with bean ferritin done by ELISA according to
met hods i n Dr. Reddyds | aboratory at | SU.
using official AACC method 320 (AACC, 2000) Protein digestibility, phytate
content according to AOAC Official Method 986.11 and polyphenolic compounds
according to AOAC Official Method 965.31, as well as by HPLC methods to be
devel oped in Dr. Mur phyodés | aboratory.

Benchmarks

Oct. 2009 Mar. 2010
1 Nutritional analysis of harvested beans from Season 1 in 2009 will be completed

1 Nutritional analysis of effects of processing (first round of improvements) will be
completed

Apr. 20101 Sept. 2010
1 Nutritional analysis of harvested beans from Seasor2R08 will be completed

1 Nutritional analysis of effects of processing (second round of improvements) will be
completed
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Obj. 2c. Develop Processing Techniques with ImedoEfficiency, Feasibility and
Consumer Acceptance of BeBased Food Products

1 Based on the results of M&ept. 2009 bean flour protocol development research,
the best approach (combination of processing methods) for developing the bean flour
will be refined and later promoted for uptake. Nutritional analysis of the bean flour
will be done to determine the shsthbility of the bean flour with time.

1 Members of a Kamuli community will be involved in developing acceptable
protocols that utilize the developed bean flour and the most acceptable recipes using
the bean flour will be pmoted within the community. The potential of the bean flour
to contribute to improved nutrition will be assessed based on existing dietary patterns
and intake data that CSRL affiliates have been collecting since 2006.

1 The protocol for processing productased on the bean flour will be promoted for
uptake.

Benchmarks

Oct. 2009 Mar. 2010
1 Protocols for products utilizing bean flour developed
1 Potential contributions of developed bdaased products to nutrition assessed

Apr. 20101 Sept. 2010

1 Assessmentof the sheHstability of the developed bean flebased products
completed

1 Processing protocols for bean flevased products promoted

1 Assessment of consumer acceptability of products utilizing bean flour determined
1 Follow-up on community adoption of prated practices undertaken

Results, Achievements and Outputs of Research:

Determine the Influence of Agronomic Conditions on Nutritional Quality of Beans

We tested the hypothesis that implementation of improved farming practices would
increase yield anthe nutritional value of the beans. It also sought to determine the most
effective processing parameters to maximize nutritional value of beans with respect to
decreasing antiutritional factors and increasing protein and starch digestibility.
Application of farm yard manure over two growing seasons had no significant effect
(p<0.05) on antnutritional factors (phytate and polyphenols), though significant
differences existed between varieties and between harvests. Difference between harvests
could have ben due to locations and soil conditions since paired data were received from
different farmers. Total polyphenol content ranged from 0.31 to 1.58 and from 0.33 to
1.37 mg/100g in the control and farm yard manure treatment, respectively. The total
polyphend content was lowest in NABE 6 (small white) and highest in Kanyebwa
(medium sized, mottled) (see Table 3). Phytate content varied from 0.49 to 0.81 and from
0.31 to 1.38 in the control and farm yard manure treatment, respectively. The phytate
content wasowest in NABE 4 and highest in the K131 variety. Studies on the effect of
agronomical practices on iron bioavailability using a G2acecell culture model are
ongoing.
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Table 3: Total polyphenol and phytate content of bean varieties over the two growing
se&ons

Total Polyphenols Phytate

(mg/1009) (9/1009)
Variety Control FYM* Control FYM*
K131 1.08 1.37 0.65 1.38
K132 0.84 0.85 0.65 0.58
Kanyebwa| 1.58 1.37 0.75 1.09
NABE4 1.49 1.01 0.49 0.31
NABE6 0.31 0.33 0.81 1.23

*FYM=Farm yard manure

Determinethe Influence of Processing on the Nrtional and Sensory Quality of

Beans

The effect of soaking, malting and steaming on protein and starch digestibility, as well as
on polyphenols and phytic acid, were determined using K131 and NABEG6 varieties.

Individual processing techniques had significant effect on total polyphenol and phytate

content. However, the magnitude of these effects was variety and factor specific, ranging
from 1538% reduction (both polyphenol and phytate) in K131 te82% (polyphenol)

and 73-83% (phytate) reduction in NABE6. The combined effects of these processing

techniques were evaluated using K131, and optimized for minimizing polyphenol and

phytate contents and maximizing starch and protein digestibility.

In Uganda, the protocol ingly developed for processing be#laur, using K131 as the
model variety, involved the following steps:

Soaking (12 hours®y malting (48 hours@ dehulling A steaming (15 minutes)

A roasting (15minutes). It was then refined to: soaking (12 hdurs)alting (24
hours) A steaming under pressure (20 minutés)oven drying (at 65°C for 8
hours)A fine milling. The malting time was reduced from 48 to 24 hours because
the beans were sufficiently sprouted after that time. Steaming replaced roasting,
followed by oven drying; the reason for this is that when the flour was used for
porridge, it tasted burnt.

Since soaking, malting and steaming times have greater influence on nutritional quality
and sensory acceptability of the processed bean flour, they weaexted for
optimization. Three levels of each of the three processes were tested as shown in Table 5
below.

Table 5: Criteria used for optimizing bean flour processing protocol

Processes and Duration
Level Soaking (hours) Malting (hours) Steaming (mihutes)
Low 6 0 0
Middle 15 24 10
High 24 48 20

54



Dry Grain Pulses CRSP Technical Reports
FY2010

The influence of different levels of the independent variables on starch digestion, protein
digestion and polyphenol/phytate contents were optimized using Statease software.
Optimal levels of the thresets of variables were 24 hours soaking, 48 hours malting, and
18.7 minutes steaming. These processes resulted in optimal starch and protein
digestibility values of 91.16 and 87.73, respectively, and phytate and total polyphenol
levels of 0.22% and 0.58 Mi@O0g, respectively. Processing also lowered the viscosity of
the porridge prepared from the bdaased flour to 3.4 times (70%) less than that maize
flour and 5 times (80%) less than the viscosity of millet flour, based on same proportions
of the flours n the porridge, on dry matter basis. The sensory acceptability of the product
made with bean based flour was also improved by processing, particularly by steaming
compared to nosteamed beans. Based on the sensory evaluation studies for consumer
acceptane using a nine point hedonic scale, the overall acceptability was found to be of
7.67. Studies are ongoing to validate this protocol for all the other varieties covered by
the project and to correlate reduction in anttritional factor content to iron
bioavailability.

While the bean flour can be consumed solely as a sauce to accompany staple dishes, it
has also been incorporated into a composite flour that can be consumed either as porridge
or sauce. The composite flour was developed with 40% bean, Bfifoagmaranth, and

30% rice flours. Grain amaranth was oven roasted at 220°C¥onm8inutes followed by

fine milling, while the rice flour is just fine milled. The combination was adopted after
several combinations were tested consumer acceptabilitypdieatial contribution of
beanbased products to nutrient intake for children will be determined based on serving
size and the nutrient requirements for that specific age group. Similar estimations will be
made for other vulnerable groups that are atfaskutritional deficiencies.

Studies on development of extruded flour as well as an extruded snack were scheduled to
be carried out at ISU. However, this depended on the ability to multiply seed material in
guantities necessary for product developmepieements at the pilot plant. The harvest
from the Summer 2009 multiplication trials did not produce enough material, so a larger
area was planted in Summer of 2010. The latter harvest has generated sufficient raw
material for use in developing extrudemgucts, and the trials are scheduled for late Fall
2010.

Once the extruded snack and flour have been developed, their nutritional and sensory
characteristics will be evaluated. Plans to assess the effect of bean consumption on
nutritional status in humanwere eliminated due to logistical constraints and cost.
Implementation would have required performing the activity in Uganda where the
population is already consuming beans and is the target of new developed products, but
the equipment and facilities neiged to collect primary data are not availableauntry.

Develop Processing Techniques with Improved Eifflacy, Feasibility and Consumer
Acceptance of BeaiBased Food Products

In Rwanda, beans were soaked in water (ratio 1:1) for 16 hours at anelom@rature.

The beans doubled their weight upon soaking and were subjected to germinatigh for 4
days at ambient temperature. They weréndied and dried at 105°C for 5 hours. The
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de-hulled beans were milled and made into flour. The flour was madeligh (1:0.4

flour to water ratio) and fermented for 8 hours at ambient room temperature. It was dried
in a mechanical drier at 105°C for 3 hours and then milled to obtain uniform flour. This
treatment can be applied in the development of processed wéandtsgfor children.

The effect of thermal processing methods on the functional properties of bean flour was
also studied. The thermal processing treatments were boiling, roasting and autoclaving.
In theboiling method, Xg of dry common beans were k@il in a closed pan for 2 hours,

until soft to touch when pressing between the fingers. The samples were oven dried
overnight at 70°C followed by sun drying. In treasting method, kg of dry beans was
mixed with clean fine sand and stirred frequentlptevent burning of the seed coat and

to ensure uniform distribution of heat. The materials were roasted for 30 minutes. The
sand was thereafter separated from the seeds (sorting) and allowed to cool. In the
autoclaving method2 kg of bean seeds were autoed at 121°C for 30 minutes and

then sun dried. All the processed samples and the raw seeds were mechanically milled.

Bulk density (net weight of the flour divided by the volume of the container), water
absorption capacity (Beuchat 1977), oil absorptiapacity (Beuchat 1977), emulsion
capacity (Beuchat 1977), foam capacity and stability (Coffman & Gracia 1991) of raw,
boiled, roasted, and autoclaved common bean flours were determined. The results
showed that there was no change in bulk density of thears. The bulk density values
reported are slightly higher than the value (0.29 g/ml) observed by Glami et al. (1992) for
full fat winged bean flour but lower than 0.93 g/ml reported (Bello & Okesie 1982) for
winged bean protein isolated. The value 0gf%l obtained for common beans compares
favorably with 0.55 g/ml reported for African bread fruit kernel flour but lower than
0.7g/ml reported for wheat flour (Akubor & Badifu 2004). For a reduction of paste
thickness, a high bulk density is desirablestim an important factor in convalescence
and child feeding.

Water absorption was higher in roasted common bean flour and no difference was
observed between raw, boiled and autoclaved bean flours. Water absorption represents
the ability to process beansder conditions where water is limiting, e.g., dough and
pastes. Proteins are capable of binding large quantities of water due to their ability to
form hydrogen bonds between water molecules and polar groups on the polypeptide
chains. These properties efebakers to add more water to dough and, as such, improve
on the handling qualities and maintain freshness in the bread. The higher water uptake by
the processed seed flours compared with their raw form could be due to the more exposed
active surface arem the latter. The increased absorption capacity of heat processed
flours is due to heahduced dissociationdénaturation of proteins, gelatinization of
carbohydrate in the flours, and swelling of crude fiber.

The results obtained suggest that comrbean flour can be an important functional
ingredient in bakery products. Oil absorption was high in autoclaved bean flour and low
in raw bean flour. The oil absorption capacity determines whether the protein material of
the flour will perform well as meaéxtenders or analogs. Fats improve flavor and
increase the mouth feel of foods. Fat absorption is therefore a significant factor in food
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formulations (Eke & Akobundu 1993). In this research, fat absorption capacities were
higher in processed common beamsples than in the raw one. The increase in oll
absorption of processed samples over the raw one could be due to both the heat
dissociation of the proteins and denaturation. The oil absorption capacity of protein is
required in ground meat formulations, abereplacers and extenders, doughnuts,
pancakes, baked foods and soups. Less oil absorption components are lower flavor
retainers (Narayania & Narasing 1982). The lower oil absorption capacity might be due
to low hydrophobicity proteins which show supetbamding of lipids (Kinsella 1976).

Wettability among the samples varied according to the dispersability. It is important in
food formulations. Wettability of protein is affected by surface polarity, texture, and area
and microstructure of the protein peles. In this research, the flours were very stable
and there was no quick movement of water through bean flours; the most stable flour was
from boiled common beans.

Emulsion capacity was high in raw bean flour and low in boiled bean flour. The
emulsion capacity of the raw common bean flour is higher than that of processed bean
flours. Protein modification associated with heat was responsible for the reduction in the
value obtained from the processed common bean samples. The reduction in values is
attributed to protein denaturation and similar to the results of steeped, malted, and roasted
African yam bean flours (Eke & Akobundo 1993). From our research results, it is evident
that boiling as a processing method is less effective when compared to aadaomtal/
roasted beans for which emulsion capacity of the flour is required for spread formulation.

Differences between foaming capacity of flour from unprocessed beans and those from
beans processed before blending were identified: foam of raw bean flour after whipping =
49 ml, boiled bean flour = 12 ml, autoclaved bean flour = 4 ml, and roasted beas fl

7ml. These differences in functional properties showed that there was denaturation of
proteins which affect the reactivity, attraction and binding capacity of common bean
flours with other food compounds. From the study, it is recommendedaiiatl and

roasted bean flours can be used as thickeners and in child feeding because they are
denser. It is also recommended that raw bean flour be used as aerating agents in food
systems such as whipped toppings and ice cream mixes which require the proafuction
high stable foam volumes when whipped.

In Uganda, the optimized protocol for producing bean flour, using variety K131 as the
model, has been wgraled to semtommercial level. Clean dry beans are soaked for 24
hours in large plastic bins, malted #8 hours between moist sisal mats, roasted at 200
220°C for 4060 minutes with constant stirring, and then milled into a fine flour.
Roasting was selected because of its practicality compared to steaming under pressure.
The optimization was done in collatation with Nutreal Limited, a private company
partnering with the business incubation program of the Department of Food Science &
Technology (DFST) at Makerere University. DFST is providing technical support for
production, product branding, acceptabilismd sheHlife studies, all of which are
currently underway.
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In Rwanda, formulation of composite flour of bean and maize was carried out after
appropriate préreatments. They were blended in different combination and the cold
extruded snack was procedsand subjected to organoleptic evaluation (Kamala 2009;
Ramasamy Suseelama 2005). The combinations indicated in Table 4 were acceptable.
These combinations were subjected to proximate analysis in the laboratory.
Simultaneously, storage stability studies were conducted, and results indicated that the
product was shelftable for a period of four months.

Table 4: Organoleptically Acceptable Combinations of Bean Composite Flour

Bean Variety Composite Flour
Colta 100% Bean flour
Decelaya 70% Bean, 30% Maize
RWR 2245 100% Bean flour
White beans 60% Bean, 40% Maize

In Rwanda, anetallic hand operated extruder was used to cold press the dough before
frying in oil. The extruder consists of a die, dough holder and dough presser. The dies
used were of different shapes: star, round, rectangle, etc. The selected diecedspd
screwed in the die holder of the dough
holder. The dough made out of the blend
flour was placed in the dough holder. T
dough presser was placed on the dough
squeezed by pressing the handles of b
the dough holder and the dough press
This resulted in the extrusion of the snag
The extruded product was directly place
into hot cooking oil and deep fried. Th
cooked snack food was then cooled, si
the cooling process improves the crispng
of the product. Finally, the product wg
vacuun packed and placed in a plas
container.

Objective 3 To Identify Solutions for Constraints to Increased Marketing &
Consumption.

Approaches and Methods:
Obj. 3a. Identify Solutins to Production and Marketing Constraints Faced by Bean
Producers

7 Identify strategies to address barriers and challenges in market access faced by
farmers/ producer s. Thi s wor k buil ds on
Households in Kamul.i Bean Production and
follow up householdwvey will be conducted in FeidMar. 2010.

1 Identify strategies and approaches to strengthen value chain and returns to producers
through valuea d d e d mar keting efforts. This worKk
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Tradingd questionnai r ewillibacotitc@®in FeMarf ol | ow L
2010. Case studies of successful marketing efforts will be developed.

1 Help farmers and farm groups to more successfully market beans by developing chain
partnerships. This involves improving market information systemg buh g f ar mer s 0
entrepreneurial and negotiation skills, and training them to participate effectively in
decision making.

Benchmarks

Oct. 2009 Mar. 2010

1 Value chain and marketing analyses completed

1 Successful producer marketing strategies identified
Apr. 20107 Sept. 2010

1 Market information system improved
1 Farmers and farmer organizations trained in improved bean marketing

Obj. 3b. Characterize Consumer Demand &neferences for Beans and Agro
Processed Products

1 Determine market values of bean varietsd products. Collect market price
information on bean varieties sold in market and at different stages in the value chain.
This analysis will be used to identify opportunities for improved marketing, as well as
confirm values attached to different beamigties by consumers and by processors.

1 Develop and evaluate marketing information and marketing plans that incorporating
market values and production traits in marketing plan.

Benchmarks

Oct. 2009 Mar. 2010
1 Identify value of various bean varietiedaralueadded products in the market.

Apr. 20101 Sept. 2010

1 Train farmers in developing marketing plans by incorporating market and production
information.

Obj. 3c. Increase Awareness of Benefits of Consuming Beans andAdalee Products
and theirAccess to New Products

1 Investigate the role of nutritional awareness in consumer choice and valuation of
beans and bean products. This follows up nutrition education efforts.

9 Develop and evaluate marketing stcedtegi es
nutritional awareness.

1 Assess emerging opportunities for processors and others in the bean value chain
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Benchmarks

Oct. 2009 Mar. 2010

1 Identification of successful marketing approaches to consumers and for value added
products

1 Training of produces on effective bean marketing

Apr. 20101 Sept. 2010

9 Training of producers on successful marketing methods for beans and new products
1 Training of processors and others in value chain on successful marketing methods for
beans and new products

Results,Achievements and Outputs of Research:

Identify Solutions to Production ad Marketing Constraints Faced by Bean Producers
Research by MSc. agricultural economics student Simon Okiror found that although there
has been an increase in bean market particpdti2%) among households compared to
2005 when only 20% of the surveyed households in rural Kamuli had sold some beans,
bean production has tended to be for domestic consumption rather than for commercial
purposes. The average falmusehold markets a atively small quantity of beans (33

kg). Price is positively associated with the probability of selling beans. Barriers to market
participation by smallholder farmers include the transaction costs of marketing,
especially market distance and searching meoarket information. The marketing
information system for VEDCO assisted farmers has been improving throughout Kamuli
district. Market price boards in all VEDCO operation areas publicly display market prices
for crops that are updated on a weekly basisaddition, farmers are being informed
about market prices for crops through cell phone messages.

VEDCO has recently invested in a new tbaised information technology system that

will enable messages to be sent and received in both English and Lugandg. tbe

first phase, VEDCO can send text messages to the mobile phones of registered farmers or

ot her units. Messages can contain current m
targeting specific crops and/or regions. During the second stage, VEED@® receive

guestions, comments, etc. from farmers. The system could be used to systematically

coll ect guestions about farmersd concerns a
could also be used to collect trend data to inform field activitiesth@&writ is possible

that farmersoé remar ks could be posted adj ace
(this could be done on a telssed system by simply labeling the origin of the message).

This system takes advantage of existing technology avaitabthe small farmers and

conveys market information rapidly and at times when farmers are making critical
production and marketing decisions.

Costs associated with the process by which farmers obtain and submit information needs
to be changed before thinitiative moves ahead. Currently, farmers must pay when they
send a text message to obtain or submit information. They do not pay to receive
messages. Given scarce resources, farmers might initiate a text message only when
having net positive value goerhaps only when necessary. Similarly, it would cost
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VEDCO $1,000 per message if 10,000 farmers signed up and current billing rates ($0.10
per message) continue to apply to send a text message to all of them.

To enhance its capacity to monitor the nevioimation system users and design
appropriate messages for them, VEDCO is currently planning to hire a communication
manager who would work with field staff to assess needed messages, and then help
design messages for delivery via the new system (as svelhar appropriate channels).

It is expected that this new person will start working by March 2011 or earlier.

There is recognized value in encouraging and strengthening associations for collective
marketing among farmers. In addition, proper manageraeiiie crop will result in

higher quality grain, thereby stimulating participation in the market. The improved
management through collective marketing efforts effectively increases the quantity
harvested and enables farmers to obtain higher prices farhgghlity produce. Schools,
hospitals and central markets are some of the channels that farmers have identified for
marketing their beans. They also identified establishment of storage facilities as
important to enable them to earn more by controllingtimeng of sales, and further
stimulate production increases.

VEDCO organized the first value chain stakeholder workshop in Kamuli on September
22, 2010, and is committed to playing a facilitative role to achieve success in value chain
development. The fus of the collective efforts of the 25 participants from 15
organizations (farmer marketing groups and associations, government agencies, non
governmental organizations, private sector traders, transporters, distributors, and
processors) is development the maize and bean value chains. Participants committed
themselves to coordinate efforts to accomplish these intermediate and long terms goals:
1 Establish a forum for stakeholders to meet regularly and share information regarding
production and marketingg@ctices and strategies
1 Strengthen the role of business principles and profit orientation in producer
organizations
Facilitate the development of farmeader associations and build strong networks
Increase the expertise and capacity of all stakeholdehgivalue chain
Develop an accessible and effective market information system
Invest in the value chain (attract private sector businesses to invest in finance,
extension and related services, storage facilities, transportation infrastructure, product
development)
1 Advocate for governance along the value chain -fsgjtilation, price stabilization,
etc.)
1 Advocate for a food reserve agency

= =4 =4 -4
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Characterize Consumer Demand and Preferesdor Beans and Agr&rocessed

Products

The MSc. agricultural extensi@tudent George Jjagwe carried out a rapid market survey
to establish the extent to which nutrient enhanced foods are present in different types of
market channels in Kampala. He surveyed a range of outlets, including small retail
outlets, medium and largeipermarkets. The survey focused on flours used for preparing
nutrientdense porridges, e.g., weaning foods and supplementary feeding for children,
readyto-eat foods, and snacks such as bread, made with nutrient enhanced flours. A very
limited range of sch nutrientenhanced products was observed, implying that there is
great potential to increase the range. A more detailed survey to establish the consumer
levels of nutrition knowledge as well as their criteria for buying nutrient enhanced foods
(influencing factors) among others is needed.

Flour for porridge is in 2 kg packages that sell for U.S.-31depending on th&ize and

locality of the retail outlet. In a planned consumer survey, the consumers' values
regarding product frequency usage as well msceived nutritional and health
benefitsawareness will be determined. The survey tool for assessing consumer
knowledge and preferences has been developed and is under review. Both qualitative and
guantitative consumer considerations will be determiiiéd. market channels identified
during the rapid market assessment include processors who also function as wholesalers
and transporters of products, delivering them directly to retail outlets wbheseimers
access them.

Increase Awareness of Benefits Gonsuming Beas and ValueAdded Products and
their Access to New Products

On September 22 3, 2010, i n Nyagatar e i n Rwandao s
community extension was carried out by Dr. Hilda Vasanthakaalam foan® 4" year
undergraduate stedts from KIST (3 male and

1 female). The demonstrated the cold extrusion
method to rural community members in 2
villages with 15 farmer participants in each
village. Ingredients used for processing the cold
extruded snack foodcomposite flour (1509),
rice flour - for binding (15g), black pepper
powder (2.59g), oil (5g), turmeric (a pinch), salt
(to taste), Asofoetida powdermsed to decrease
flatulence (a pinch), water, and oil for frying.
The farmers were excited to see this
demonstration and learn abotitis process.
Farmers also indicated their interest to mobilize
100 farmers the following month so that many
more could benefit. One farmer expressed
interest in becoming a bean flour processing
entrepreneur.
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In September, 2010, recipeeveloped by NaCRRI were used for training 68 CRSP
farmers in six groups in Ugandads Kamul i di
recipes. An experienced NaCRRI trainer, Hellen Ayedu, was facilitated by Makerere
University while VEDCO organizednd oversaw the training. Recipes included cakes,

cooki es, shortcakes, bean fingei snackshal f C &
traditionally made with wheat flour and eggs, and then fried. Some of these recipes were
identified by participants as poteaty very useful for generating household income. A

video recording, to be used in future community training, was also made.

A 6bean cook dayé was | ater organized in N
which the farmer group members in the CRSPjgato participated in a cooking

competition using beans. A quicloking bean flour, developed at Makerere
Universityés DFST, was available for far mer
farmers/farmer groups were evaluated on knowledge of theiowdli benefits of beans,

ways of combining beans to have a balanced diet, importance of hygiene in food
preparation and appropriate of different bean dishes for different age groups and
individuals. Members of the community, from different backgrounds aged groups,

tasted and evaluated the prepared food their overall acceptance as well as attributes like

taste, flavor and appearanéallowing the bean cook competition, winning recipes will

be promoted in the community.

The Technology Businesdncubation Centre in the
Department of Food Science & Technology at Makerere
University is currently working with a private sector
company (Nutreal Limited) to refine, brand and market
beanbased composite flour, suitable for use both in
porridge and sause The product was based on the
composite flour developed by Catherine Ndagire as part of
her MSc. work for the project. Packaging has been
designed; nutrient composition of the products determined
and sheHife studies are underway. The product has
appeaed in several exhibitions, including the Uganda
Manufacturersbo Association Ann
received promising feedback.
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Objective 4 To Increase the Capacity, Eftereness and Sustainability of
Agriculture Research Institutions that Sethe Ban Sector in Uganda and
Rwanda

The training programs of two M.Sc. Ugandan students at Makerere, Simon Okiror in
Agricultural Economics & Agribusiness, and Aisha Nakitto in Food Science &
Technol ogy, are essenti al | yeviewandmaimanusergt. Si
is in preparation. Aisha is conducting her final experiments and writing her thesis.
Training of the student from KIST, Cyrille Sinayobye, was terminated when he withdrew
from the university.

Two new MSc. students at Makerere Umsigy are making contributions to the project.
Catherine Ndagire in the Department of Food Science & Technology is pursuing a
specialization in human nutrition. George Jjagwe in the Department of Agricultural
Extension / Education officially registeredMay 2010.

Another student from KIST, Ms. Rose Kambabazi, wrote an initial research proposal and
helped with KIST B.S. students in their research. The?Cat Makerere submitted and
foll owed up Roseds application deoforament s
intervi ew. However, Makerere Universityos
university that she attended in Algeria is chartered / certified; such evidence has not been
received to date.

In Rwanda, the four undergraduate student prejapt in progress. They are continuing
analysis and write up; their reports are expected to be ready by early December 2010.
Their findings will inform ongoing research and commutifsed dissemination
activities in the coming year.

Gerald Sebuwufu is aking good progress in courses required for his Ph.D. in Crop
Production and Physiology, with a minor in Sustainable Agriculture. Recent courses
covered plant growth and development, protein techniques, plant transformation organic
agriculture, foundationsof sustainable agriculture, and program development and
evaluation. In 2011, Geraldlill finish with courses irsustainable agriculture and seed
science.His dissertation research focus is on understanding the physiological basis for
accretion of iron ath zinc in the common bean seed and assessing the effect of genotype
and soil fertility interactions on seed yield and seed composition. Experiments at ISU
aimed at understanding the basis for partitioning of Fe and Zn to the seed are ongoing and
collabordion has been initiated with CIAT Colombia for provision of germplasm
needed for the studin Ugandathe focus is on understanding the physiology of
genotype x soil fertility effects on the yield of common beans. Three seasons have been
planted and merexperiments on soil fertility and interopping are planned for 2011.

Martin Mutambuka is making good progress in courses required for his Ph.D. in Food
Science and beginning to write up his dissertation on the effects of processing
technologies on phytate/polyphenol content and iron bioavailability and development of
nutritional and consumer acceptable bean products. Content of the first three chapters
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have been discussed and approved by his advisors. Research is ongoing to address the
two principal research questions. Partial results are available but not yet conclusive for
publication of manuscripts.

Project collaborators in VEDCO, Makerere, and NaCRRI communicate regularly -and co

organize events and activities in Kamuli. Most prominent during the past year have been

the farmerso field day thbdanmracipesjandithe beamicoakx per i r
day completion. Occasionally, Ugandan collaborators visit the Rwandese collaborator

and vice versa. Four ISU collaborators visited and participated in project activities in

Uganda. In addition, ISU specialists in develgmincommunication and agricultural and

biosystems engineering traveled to Uganda to contribute to CSRL program and CRSP

project activities. Similarly, CG®ls from VEDCO, Makerere (along with the M.Sc.

student in Food Science & Technology), and KIST, uikit8U to work and plan

activities with the Lead Pl and €ls based at ISU.

Catherine Ndagire, MSc. in Food Science and Technology, disseminated her research
findings on bean storage to the farmers in Kamuli District as did Simon Okiror, MSc in
Agricultural Economics / Agribusiness, regarding his findings about marketing.

During the far mer sd -R Doathy Nakimpugwe i(Makecere d a y , C
University) and research technicians from NaCRRI staff made presentations on issues

related to research fimys to date. Proceedings of the day were video recorded and will

be used in developing or refining training materials.

KIST Co-PI Hilda Vasanthakaalam has worked with the Centre for Communication and
Extension of the Ministry of Agriculture. Several pessing and value addition methods

for selected bean varieties in Rwanda have completed in the Food Science & Technology
lab at KIST. The results are being assembled in book form for publication. In addition,
reports for three of the seven research projeatded out this year at KIST are being
prepared for publication.

Degree Training:

Trainee #1

First and Other Given NamesGerald

Last Name: Sebuwufu

Citizenship: Ugandan

Gender: Male

Degree: Ph.D.

Discipline: Agronomy

Host Countryinstitution to Benefit:National Crops Resources Research Institute, Uganda
Training Location: lowa State University

Supervising CRSP Pl:Mark Westgate

Start Date of Degree ProgranmAugust 2008

Program Completion DateAugust 2012

Training Statusluring Fiscal Year 2010: futime student
Type of CRSP Support (full, partial or indirectPartial
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Trainee #2

First and Other Given Namedviartin

Last Name: Mutambuka

Citizenship: Ugandan

Gender: Male

Degree training: Ph.D.

Discipline: Food Science and Human Nutrition
Host Country Institution to BenefitMakerere University, Uganda
Training Location: lowa State University
Supervising CRSP PI:Patricia Murphy

Start Date: January 2009

Projected Completion Date:May 2012

Type of CRSP Support (full, partial or indirect)Partial

Trainee #3

First and given namesCatherine Tamale

Last name: Ndagire

Citizenship: Ugandan

Gender: Female

Degree: M.Sc.

Discipline: Food Science & Technology

Host Country Institution to befit: Makerere University, Uganda
Training Location: Makerere University and lowa State University
Supervising CRSP PI: Dorothy Nakimbugwe

Start date: August 2009

Project completion dateMay 2011

Type of CRSP Support (full, partial or indirecfartial

Trainee #4

First and given namesGeorge

Last name: Jjagwe

Citizenship: Ugandan

Gender: Male

Degree: M.Sc.

Discipline: Agricultural Extension & Education

Host Country Institution to benefitMakerere University, Uganda
TrainingLocation: Makerere University

Supervising CRSP PI: Dorothy Nakimbugwe {EbPaul Kibwika)
Start date:August 2010

Project completion date August 2012

Type of CRSP Support (full, partial or indirecfartial
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ShortTerm Training:
Type of Training Mentored refinement and implementation of lab experiments
Description of Training Activity: Development of nutritious, qumioking composite
flour
Status of this Activity as of September 30, 2010: Completed
When did the Short Term Training Actiyioccur? May 18 August 18, 2010
Location of Short Term Training: lowa State University
If Training was not completed as planned, provide a rationale: N/A
Who benefitted from this Short Term Training Activity? Makerere University
Number of Benefiiaries by GenderMale - 0

Female- 1

Total- 1

Explanation for Changes

Plans to assess the effect of bean consumption on human metabolism were eliminated
due to logistical constraints and cost. Implementation would have required performing
the activities in Uganda and Rwanda where the population is already consuming beans
and is the target of new developed products, but the equipment and facilities required to
collect primary data are not availabledountry.

Networking and Linkages with Stakeholders

1 NaCRRI recently received over 200 nthigan lines (lines high in iron, zinc and
protein) from the University of Nairobi through CIAT for multiplication.

1 Collaboration has been initiated and a Material Transfer Agreement (MTA) signed
betweenCIAT-Colombia and lowa State University. With this agreement, ISU will
receive germplasm from breeders that reflects variation in drought and seed nutritive
composition. Recombinant Inbred Lines and their parents will be very useful in
understanding the gkiology of seed nutrient composition.

1 NaCRRI researchers Michael Otim (entomologist) Badhella Paparu (pathologist)
are developing research activities that will involve advantraéhing of farmers to
identify insect pestgbean aphids, thrips, bean retenaggot and flower beetles) and
diseasegbean root rot, web blight, and bean juahd participatory evaluation of
biological and cultural control for key pests and diseasesduce crop losses and
diseases.

1 VEDCO organized the first value chain sth&kler workshop in Kamuli in
September, 2010, and is committed to playing a facilitative role to achieve success in
value chain development for beans and maize. The initial workshop involved 25
participants from 15 organizations (farmer marketing groupd associations,
government agencies, ngovernmental organizations, private sector traders,
transporters, distributors, and processors).

1 Visits to ISU by CePlIs from Makerere University (Uganda) and KIST (Rwanda)
resulted in useful learning about parabeld complementary research interests, and
discussions regarding bases for long term collaboration
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1 ISU faculty members visited Uganda bringing expertise in agricultural and
biosystems engineering, agronomy, development communications, human nutrition,
ard sociology.

1 VEDCO holds biannual community review meetings in its areas of operation; CRSP
project partners and farmers participate in these review and planning meetings.

Leveraged Funds

Name of Pl receiving leveraged funds: Mark Westgate

Descriptionof leveraged Project:  Partial support for Ph.D. student from Uganda in
Agronomy

Dollar Amount: $46,089

Funding Source: ISU

Name of PI receiving leveraged funds: Robert Mazur

Description of leveraged Project: Partial support for Ph.D. stddentUganda in Food
Science & Human Nutrition

Dollar Amount: $46,089

Funding Source: ISU

List of Scholarly Activities and Accomplishments

Bi kori mana, Al exi s. 20009. AEffect of ger mi
c o mp o s iFihal project @aeport for B.S. degree. Department of Food Science &
Technology. Kigali, Rwanda: Kigali Institute of Science and Technology.

Habanabakize, Telesphor2010. 'Processing and product development of orange flesh
sweet potato and dry beans blendeddlr s f or  w dmal projegt repastdod s . 6
B.S. degree. Department of Food Science & Technology. Kigali, Rwanda: Kigali
Institute of Science and Technology.

Habiyaremye, Idrissa. 2010. "Potential utilization of improved dry bean in the processing
of cereallegume weaning flour". Fingbroject report for B.S. degree. Department of
Food Science & Technology. Kigali, Rwanda: Kigali Institute of Science and
Technology.

Karuhanga, William2010. "Processing of extruded snack food products using algaal

and colta vari et iFea projettrepod tBomB.Shdagee.dDepattneentr . 0
of Food Science & Technology. Kigali, Rwanda: Kigali Institute of Science and
Technology.

Kasabiiti, Deévelapreent of nibdifedatmosphere to create an environment

l et hal for the sur vi vAnhl projdct raportsfor B.S.gegrieen st or e
Department of Food Science & Technology. Kigali, Rwanda: Kigali Institute of Science

and Technology.

Mug a b o, Emmanuel . 20009. AREffect of combi ne
composi t i oFnalprojecthepatrios B.S degree. Department of Food Science
& Technology. Kigali, Rwanda: Kigali Institute of Science and Technology.
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Mulinda, Noel Valenth. 2010. 'Effects of thermal processing techniques on the
functional propert i es Fimalffprojdct neportformBi8odegreb.e an f |
Department of Food Science & Technology. Kigali, Rwanda: Kigali Institute of Science

and Technology.

Musaazi Ai sha Nakitto. 20ddki ndevedopihgumr. qukF
M.S. degree. Department of Food Science & Technology. Kampala, Uganda: Makerere
University.

Mut ambuka Martin, Mur phy PA, Hendrich S, Re
assay protocol for screening high iron bioavailabilRfraseolus vulgarisvarietieso

Poster presented at thgghth Annual Norman Borlaug Lectureship Poster Competition.

Ames, lowa: lowa State University. Oct. 11, 2010.

Nkundabombi Marie Grac010."Processing of cold extruded deep fat fried snack food

frombean (RWR22 5 and white vari et y) prdjeatsepadtfoc o mposi tf
B.S. degree. Department of Food Science & Technology. Kigali, Rwanda: Kigali

Institute of Science and Technology

Nyirabunani, Felecite. 20009. Al nfluence of
fermentation and puffing) on the bioavail abi
Final project report for B.S. degree. Department of Food Science & Teghnélgali,

Rwanda: Kigali Institute of Science and Technology.

Okiror, Simon. 2010. "Analysis of Factors affecting market participation of smallholder
bean farmers in Kamul.i di strict, Uganda. o
Agricultural Economic& Agribusiness. Kampala, Uganda: Makerere University.

Contribution of Project to Target USAID Performance Indicators

Our project has a strong record of achieving performance indicators/targets:

We have been mentoring 12 students for degree trainingyhoin 5 are women.
Exceeding our original estimate is due to the efforts ofPCdlakimbugwe and Gl
Vasanthakaalam who actively involve B.S. students in the CRSP project while they
undertake research for theif"4year projects at Makerere University darkIST,
respectively.

With regard to short term training, 58 women and 9 men have participated in a series of
shortterm training for farmers in Kamuli. Other members of their six farmer groups
(which average 2@5 members each) have also participatedsame of the training
sessions, according to their respective interests.

As planned, we have progressed well in terms of the number of technologies and
management practices that are under research (7), and under field testing (4), and ready to
be made avé&ble for transfer (3).

The number of farmers receiving training an
trial experiments is 67, as planned. However, management practices and technologies are
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already being informally disseminated within the farms 6 communi t i es. Th
and community recipe extension demonstrations are benefitting an additional 200
househol ds. Since CSRLG6s Kamul i program i s

households, we plan to utilize this opportunity in FY11 tgibe&isseminating applicable
management practices and technologies to more farmers, monitoring and evaluating the
process and impacts to identify any barriers and most effective strategies. In FY12, we

expect to be able to reach even more farmers. Morepve VEDCOGO6s net wor k of
farm households in eleven other di stricts
network will greatly facilitate even wider dissemination as project work continues and

lessons are learned. Two farmers marketing associatiordiractly benefitting from

project activities. We are providing technical assistance directly to six community based
organizations (CBOs) and indirectly to an additional eight, as planned. Women constitute

the majority of members in these CBOs. There frer host country partner
organizations benefitting, as planned.

The number of additional hectares under improved technologies or management practices
(15) corresponds to what was originally anticipated.

The publieprivate sector partnership between Make University and Nutreal Limited
is being established as a result of this USAliDded project. Others may emerge as the
bean value chain stakeholder forum in Kamuli continues and effectively realizes its goals.

Contribution to Gender Equity Goal
Amongthe team of research scientists and professional practitioners, there are 7 women
and 5 men.

During the recently completed year, there are 2 female and 4 male students receiving
graduate level training and mentorship in research at Makerere and 13¥.hBke been
4 female and 4 male undergraduate students involved in project research at KIST.

Of the 30 farmers participating directly in the field experiments, 24 are women; similarly,

the majority (58 of 67) of farmers participating in project trainsegsions are women.
Approximately twethirds of the 150 participants in the farmer field day are women, as

were the majority of those involved in the r

Progress Report on Activities Funded Through Supplemental Fursl

Supplemental funds were provided to cover travel and research expenses at lowa State
University for Catherine Ndagire, MSc student in Food Science & Technology at
Makerere University, whose work focuses on development of a nutritious;cpo&ikng
compaite bearbased flour. During her period of research at ISU (May Bigust 18,

2010), Catherine received training and mentoring from IStPBaregarding refinement

and implementation of a series of lab experiments and sensory evaluation. All planned
research activities were completed on schedule. She also made a presentation of her
research question, methodology, and results in early August before returning to Uganda.
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Supplemental funds provided to KIST for the purchase of a single screw extruder and
supplies have helped strengthen the research capacity in food extrusion methods in the
Department of Food Science & Technology.

Literature Cited

Akubor PI & GIO Badifu (2004) Chemical compositionnttional properties and baking
potential of Africarbreadfruit kernel and wheat flour b Int. J. Food Sci. Tech. 39:
223 229.

Bello AA & BO Okezie (1982) Effect of extraction catidns on the extractability of
winged bean proteins. Paper presented at the fourth Biennial Research Syngidsaim
1890Land Grant College and State Universes, Oct. 272838

Beuchat LR (1977) Functional and electrophoretic chariatics of succinylated peanut
flour. J. Agric Food Chem 25: 258261

Coffman CW & VV Gracia (1977) Functional Properties antino acidcontent of
protein isolate from mung bean flour. J. Food Tec., 12: 483

Eke OS & NT Akobundu (1993) Functional propertieg\tifcan yam bean seed flour as
affected by processing. Food chemistry 48:-330.

Glami SY, Bekebain DA & NJT Emelike (19PProximate composition and functional
properties of common bean flour. Nig.J. Nutr. Sci. 13.

KamalaK (2009) www.cookatease.com/mixtuecelourfukindiansnack
Kinsella JE (1976). Functional properties of protein foods. Crit. Rev. Sci.
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of Food Science Vol 70 (8)5317

VEDCO (2010) Annual Report 2009. Kampdliganda: Volunteer Efforts for
Development Concerns.
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Dry Grain Pulses CRSP
Report on the Achievement of "Semi-Annual Indicators of Progress”

(For the Period: April 1, 2010 -- September 30, 2010)

This form should be completed by the U.S. Lead Pl and submitted to the MO by October 1, 2010

Project Title:

Enhancing Nutritional Value and Marketability of Beans through Research

and S(ren thening Key Value Chain Stakeholders in Uganda and Rwand
i : . .- ‘Abbreviated name of institutions

lowa Slate |

‘Mékerere | NaCCRI

EDCO

RisT

Target

Achieved

Achieved | Target [

Achieved

Target] Achieved | Target]

Achieved

[Benchmarks by Objectives:: "' /"

2e 9/30110

Y

Target
| N* Jo/30/10[ Y

[ N* [9/30/10] Y

[ N

9/30/10( Y

N* |9/30/10] Y | N*

(Ti

ick mark:the Yes or No column for identified b

i

by institution):

1a.

Objective 1

Improve Bean Quality and Yields

Meta-analysis report on effect of water & temp. stress on yields

0

1

o

. Completed experiments on sensitivity of varieties to water stress

1

©

. Documented impact of stress on seed nutrient composition

1a.

Increased quantities of seed for processing & nutritional studies

1a.

Manuscripts on physiological studies & meta-analysis completed

1a.

Collaborative studies initiated, selected stress tolerant varieties

1

o

. Collected and analyzed 2008 yield data

1

o

. Analyzed 2009 seed composition from field trials

1b.

Document. impacts on quality from improved harvest & storage

1b.

Conducted 2010 trials using improved production practices

1

o

Confirmed yield and nutritional profile of priority varieties

1b.

Provided seed from field trials for analyses in Objective 2

1b.

Identified agro-ecological regions for using stress tolerance char.

|||~

1ic.

Developed materials for post-harvest training

1c.

Completed farmers' training in pre- and post harvest handling

1c.

Evaluated influence of innovations on post-harvest losses

1d.

Farmers/group members trained in research methods

. Open field days conducted at selected trial sites

1d.

Farmer knowledge put into practice for field trial

1d.

Trainee follow-up conducted

1d.

Recommended research results incorporated into training

1d.
1d.

Field days conducted

XX x| x|olo|Xx|Xx|o|X|X|X|X|o|o|o|X|X|o|o|o |

Results applied to other bean producing districts

oclolo|lojlo|lo|le|x|ojo|X XX |X|[o|lo|o|X |X|o|o|o

olojlo|lo|jo|jo|lo|ojlo|o|o|o|o|oc|o|o|o oo @@ |C

X

XIxIX[x|X|ojlo|x|x |[oc|lo|o|o|X|oo|o|o|o|e|o |0 e

oclojlojlojlojo|o|o|lo|o|e|o|e(o|o|o|o|o|o|o oo |

2a.

IObiective 2

Enhance the

Nutritional Value and Appeal of Beans

Nutritional analysis of effects of agronomy on harvested beans

X

J

X

0

2a.

Analysis of effects of processing on nutrition quality

J

2b.

Processing protocol for an extruded bean snack developed

2b.

Nutritional and sensory characteristics of bean snack optimized

X
0
0

oo |x

0
0
0

olo|o|o

o|o|o|o
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2b. Effects of processing on nutritional quality determined

2b. Bean flour for soups & porridges produced from extruded flour
2b. Effect of bean consumption on human metabolism d
2c. Protocol for producing bean flour up scaled and refined

2c. Recipes using bean flour developed & evaluated in competition
c. Winning recipes promoted in communities

c. Protocol for bean flour-based product developed and optimized J
2c. Contribution of bean-based products to nutrient intake assessed X J
Objective 3 Increase Marketing an
3a. Value chain and marketing analyses completed 0
3a. Consumer requir. & market channels for bean flour identified
3a. Successful producer marketing strategies identified

3a. Market information system improved

3a. Farmers/farmer orgs. trained in improved bean marketing

3b. Consumer req. & market channels for bean products identified
3b. Value of bean vars. and value-added prod. in markets identified
3b. Consumer req. for the bean flour-based food determined

3b. Farmers & farmer orgs. trained in developing marketing plans
3c. Identification of successful marketing approaches

3c. Producers trained on effective bean marketing

3c. Producers trained on marketing for new beans products J
3c. Processors/value chain trained to market beans, new products X J X X
Obijective 4 Incr. Capacity, Effectiveness & Sustainability of Ag. Research Institut.
Training 2 new M.S. (FST and AgEcon) at MAK initiated 0 0 0 0
Training M.S. student in FST from Rwanda on-going

Training 3 M.S. students at Makerere University completed

Training 2 Ph.D. at lowa State University ongoing

Inter-organizational learning fostered

Preliminary results disseminated (conferences, publications, websites)

n

X|o|lo|lo(X|x|o
olojlo|o|o|o|o

N

XXX |o|lo|o|o|o

0
Consumption of Beans and Bean Pr

Lolo|lo|lojo|o|o|e

Xlolo|x[x|[olo|x|[x|o|lo|lo|x]x|X|X |o|o|o|o|e
o

Xojlo|Xx|X|o|lo|xX |X|o|o
Xojo|Xx|X|o|lo|X |X|o|o

X|x|olo|x|x|o|lo|x|x|o|o|o
olo|lo|o|o|o|o|je|o|eo|o|o |

-~

X |%|%X|o|o
<

X% |o|x |

XX |o|lo|o

X |xX |o|lo|o

X% |o|X ||

Name of the Pl reporting on |
benchmarks by institution R. Mazur D. Nakimbigwe M. Ugen H.K. Musoke H. Vasanthakaalam

Name of the U.S. Lead Pl submitting this Report to the MO | Robert E. Mazur

09/30/10
Date

Signatu
* Please provide an explanation for not achieving the benchmark indicators on a separate sheet.
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Achievement of "Semi-An
the Perlod: April 1, 2010 -
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itors of Pro
ber 30, 2010)

This form should be completed by the U.S. Lead Pl and submitted to the MO

Project Title:

Enhancing

Nutritional Value and Marketability of Beans through Researc!

Rwandz

p—
KIST

T

Achieved | T: A
f9r30/10] Y

Target| Achieved |Ta

t

Achieved

N* J9/30/10[ Y N*

Improve Bean Quality and Yields

9/30/110 Y

N* [9/30/110] Y N*

Target| Achieved
9/3010 Y N*

1a_Meta-analysis report on effect of water & temp. stress on yields

1a. Completed experiments on sensitivity of varieties to water stress

1a. Documented impact of stress on seed ition

1a. Increased quantities of seed for processing & nutritional studies

1a. M; on physiological studies & meta ysi leted

1a. Collaborative studies initiated, selected stress tolerant varieties

1b. Coll and analyzed 2009 yield data

1b. Analyzed 2009 seed position from field trials

1b. Document. imp on quality from improved harvest & storage

1b. Conducted 2010 trials using improved prod p

1b. Confirmed yield and nutritional profile of priority varieties

1b. Provided seed from field trials for analyses in Objective 2

char.

1b. Identified agro-ecological regions for using stress tol

1c. Developed materials for post-harvest training

1c. Completed farmers' training in pre- and post harvest handling

1c. Eval d influence of innovations on post-harvest losses

1d. F lgroup trained in research hod:

1d. Open field days conducted at selected trial sites

1d. Farmer knowledge put into practice for field trial

1d. Trainee follow-up conducted

1d. R research results incorp

d into training

1d. Field days conducted

1d. Results applied to other bean producing districts

Clojoojojojoix e|lox |x |x |x |o|lojoix |x jo|lo|o|o

oolpoojojojoiojlojojojolo|o|o|ejlejojo|o|o |

X Ix Ix I I OlO% | X |O|x %X x| X |OjlOo|jO|x | |O|0|0|O

X% |%x|xx clo|x|x|olojojo|x|o|jlojoo|o|o|o|o|O

oclojlo|lojojejejo|ojo|o|lo|ojojojloojoje|o|o|o |0

Enhance the Nutritional

-

Value and Apg

of Beans

g.

ng protocol for an extruded bean snack developed

ol|lo|o|o

2b_ Nutritional and sensory characteristics of bean snack optimized

Qoo |

o|o|o|o
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0 0 0 0 0
2b. Bnnﬂourior ps&porﬂdgou,_ duced from extruded flour X o 0 0 0
2b. Effect of bean consumption on human metabolism assessed X 0 0 0 0
2¢. Protocol for producing bean flour up scaled and refined 0 0 0 0 0
2¢. Recipes g o 0 0 0 0 0
0 x Y 0 0 X
x x Y 0 0 X
X X Y 0 0 X
bje Increase Marketing and Consumption of Beans and Bean Products

3a_Value chain and marketing analyses completed 0 0 0 0 0
3a. Consumer requir. & market channels for bean flour identified 0 0 0 0 0
3a. S ful producer marketing strategies identified 0 0 0 0 0
3a_Market information x x Y x X 0
3a. Farmers/farmer trained in bean m; X x Y x X 0
3b. Consumer req. & market ch for bean products identified 0 0 0 ] 0
3b. Value of bean vars. and value-added prod. in markets identified 0 0 0 0 0
3b. Consumer regq. for the bean flour-based food determined X x Y X X 0
!&.me&hmﬁ.hhwm@mmmglgm X x Y x x 0
3c. Identification of successful marketing approaches 0 0 0 0 0
3c. Producers trained on effective bean marketing 0 0 0 0 0
3c. Producers trained on marketing for new beans ucts X X ¥ x x 0
Processors/value chain trained to market beans, new products X X Y X | [ 0

R incr. Capacity, Effectivoness & Sustainability of Ag. Research Institut.
Training 2 new M.S. (FST and AgEcon) at MAK initiated 0 0 Y. 0 0 0
Training M.S. student in FST from R on-going 0 0 0 0 0
Training 3 M.S. students at Makerere University completed 0 x Y 0 0 x
Training 2 Ph.D. at lowa State University ongoing X 0 0 0 0
Inter-organizational learning fostered x X Y X X x
Preliminary results disseminated (conferences, publications, websites) x X Y x X x

liame of the Pl reporting on I I l I
benchmarks by institution R. Mazur D. Nakimbugwe M. Ugen H.K. Musoke H. Vasanthakaalam

Name of the U.S. Lead Pl submitting this Report to the MO

';KOJLL opl. B0t

Date |

* Please p an 1 fon for not achi g the b i
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Dry Grain Pulses CRSP
Report on the Achievement of "Semi-Annual Indicators of Progress"
(For the Period: April 1, 2010 -- September 30, 2010)
This form should be completed by the U.S. Lead Pl and submitted to the MO by October 1, 2010
Project Title: Enhancing Nutritional Value and Marketability of Beans through Research
and Strengthening Key Value Chain Stakeholders in Uganda and Rwanda
Abbreviated name of institutions
lowa State | Makerere | NaCCRI | VEDCO | KIST
Target| Achieved |Target] Achieved |Target] Achieved |Target] Achieved |Target] Achieved

B by Objecti 9/30/10] Y | N* l§/30/1o Y [ N |§/30/1o| Y [ N [9/30/10] Y [ N* |9/30/10 Y [ N*

(Tick mark the Yes or No column for identified benchmarks by institution)
Obijective 1 Improve Bean Quality and Yields
1a. Meta-analysis report on effect of water & temp. stress on yields 0 0 0 0 0
1a. Completed experiments on sensitivity of varieties to water stress 0 0 0 0 0
1a. Documented impact of stress on seed nutrient composition 0 0 0 0 0
1a. Increased quantities of seed for processing & nutritional studies 0 0 0 0 0
1a. Manuscripts on physiological studies & meta-analysis completed X 0 X Y 0 0
1a. Collaborative studies initiated, selected stress tolerant varieties X 0 X Y 0 0
1b. Collected and analyzed 2009 yield data 0 0 0 0 0
1b. Analyzed 2009 seed composition from field trials 0 0 0 0 0
1b. Document. impacts on quality from improved harvest & storage 0 0 0 0 0
1b. Conducted 2010 trials using improved production practices X 0 X Y X 0
1b. Confirmed yield and nutritional profile of priority varieties X 0 X Y 0 0
1b. Provided seed from field trials for analyses in Objective 2 X 0 X Y 0 0
1b. Identified agro-ecological regions for using stress tolerance char. X 0 X ¥: 0 0
1c. Developed materials for post-harvest training 0 0 0 0 0
1c. Completed farmers’ training in pre- and post harvest handling 0 0 X Y. X 0
1c. Eval d influence of innovations on post-harvest losses X 0 X Y X 0
1d. Farmers/group members trained in research methods 0 0 0 0 0
1d. Open field days conducted at selected trial sites 0 0 0 0 0
1d. Farmer knowledge put into practice for field trial 0 0 X Y X 0
1d. Trainee follow-up conducted 0 0 X Y X 0
1d. Recommended research results incorporated into training 0 0 X Y. X 0
1d. Field days conducted 0 0 X Y X 0
1d. Results applied to other bean producing districts 0 0 X Y. X 0
Obijective 2 Enhance the Nutritional Value and Appeal of Beans
2a. Nutritional analysis of effects of agronomy on harvested beans 2.3 X 0 0 0
2a. Analysis of effects of processing on nutrition quality X 2.3 0 0 0
2b. Processing protocol for an extruded bean snack developed 0 0 0 0 0
2b. Nutritional and sensory characteristics of bean snack optimized 0 0 0 0 0
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2b

Effects of processing on nutritional quality determined

2b.

Bean flour for soups & porridges produced from extruded flour

2b

Effect of bean consumption on human metabolism i

N

C

Protocol for producing bean flour up scaled and refined

N

C.

Recipes using bean flour developed & evaluated in competition

2c

Winning recipes promoted in communities

2c

Protocol for bean flour-based product developed and optimized

x |o|lo|o|x |x |o

olo|jo|jo|o|o |

2c

Contribution of bean-based products to nutrient intake assessed

X

0

x|x |x |lolo|lo|o|o

3

o

. Value chain and marketing analyses completed

Objective 3

Increase Marketing

0

of

ans and

Bean Products

o

0

3a.

Consumer requir. & market channels for bean flour identified

3

@

. Successful producer marketing strategies identified

3

o

. Market information system improved

3a.

Farmers/farmer orgs. trained in improved bean marketing

3b.

Consumer req. & market channels for bean products identified

3b.

Value of bean vars. and value-added prod. in markets identified

3b.

Consumer req. for the bean flour-based food determined

3b.

Farmers & farmer orgs. trained in developing marketing plans

3

2]

Identification of successful marketing approaches

3

o

Producers trained on effective bean marketing

3

o

Producers trained on marketing for new beans products

Xolo|x X [O|O|X |[x |Oolo|oQ|%|x |Xx |[Oo|o|o|o|o

Y

3c.

Processors/value chain trained to market beans, new products

X|x |olo|x [x |©o|Oo|x X |Oo|o

X

XXOOXXOO%XOOO%OQOOOOOO

Y

olo|lojo|jojlo|jo|o|jo|o|o oo

IObien:tive 4

Inci

5

Capacity, Effe

ctiveness & S

sustainability

of Ag.

Research Institut.

Training 2 new M.S. (FST and AgEcon) at MAK initiated

0

0

Training M.S. student in FST from Rwanda on-going

Training 3 M.S. students at Makerere University completed

Training 2 Ph.D. at lowa State University ongoing

Inter-organizational learning fostered

Preliminary results disseminated (conferences, publications, websites)

x |x% % |[o|o|o

x |% |o|x o

x % [Oo|o|o

=<

x |x |o|o|o|o]|T|x|x |o|o|x |x |o|o|x |x |o|e

x % [©o|x |o|o

Name of the Pl reporting on
benchmarks by institution

R. Mazur

D. Nakimbigwe I

MaUgen

| H.K. Musoke

H. Vasanthakaalam

Name of the U.S. Lead Pl submitting this Report to the MO

1
=5 (P

Signature
* Please provide an explanation for not achieving the benchmark indicators on a separate sheet.
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Dry Grain Pulses CRSP

Report on the Achievement of "Semi-Annual Indicators of Progress"
(For the Period: April 1, 2010 - September 30, 2010)

This form should be completed by the U.S. Lead Pl and i to the MO by October 1, 2010

Project Title: |Enhancing Nutritional Value and Marketability of Beans through Research
and Strengthening Key Value Chain Stakeholders in Uganda and Rwanda

Abbreviated name of institutions

lowa State Makerere NaCCRI VEDCO | KIST

Target| Achieved |Target] Achieved |Targef] Achieved | Target| Achieved |Target| Achieved

[ by Objectives 9/30/10] Y | N°_|9/30[i0] Y | N* |9/30/[10] Y | N* |9/30[i0] Y | N- |9/30/10 Y | N*

(Tick mark the Yes or No column for identified benchmarks by institution)

Objective 1 Improve Bean Quality and Yields

1a. Meta-analysis report on effect of water & temp. stress on yields 0

1a. Completed experiments on sensitivity of varieties to water stress

1a. Documented impact of stress on seed nutrient composition

1a. Increased guantities of seed for processing & nutritional studies

1a. Manuscripts on physiological studies & meta-analysis completed

1a. Collaborative studies initiated, selected stress tolerant varieties

1b. Collected and ana!E' ed 2008 yield data

1b. Analyzed 2009 seell compoasition from field trials

1b. Document. impacts.on quality from improved harvest & storage

1b. Conducted 2010 trials using improved production practices

§
3

1b. Confirmed yield and nutritional profile of priority varieti

1b. Provided seed from field trials for analy in Obji 2

1b. Identified agro-ecological regions for using stress tolerance char

1c. Developed materials for post-harvest training

1c. Completed farmers' training in pre- and post harvest handling

1c. Evall influence of innovations on post-harvest losses

1d. Farmers/group s trained in research methods

1d. Open field days conducted at selected trial sites

1d. Farmer knowledge put into practice for field trial

1d. Trainee follow-up conducted

1d. Recommended research results incorporated into training

oclolojojo|leo(x |o|lo|x [x |x (% |o|lo|o|x |x |o|o|o

1d. Field days conducted

o
olo|lo|lojo|lo|lo|o|lo|o|o|o|o|o|o|o|o|o|o|ole|o|e

X% |%[x|x |ojlo|x|x|[c|lo|lojeo|x |ofo|o|o|e|o|o|o|a

olo|lo|o|ole|e|o|ale|aleleld

1d. Results applied to other bean producing districts

Objective 2 Enhance the Nutritional Value and Appeal of Beans

2a. Nutritional analysis of effects of agronomy on harvested beans X

2a. Analysis of effects of processing on nutrition quality

olo(ofjeo|=|x|x|x|x[x|lo|lo|x |x |[o|x |x |[x [x |o|o|o|x |x [o|o|e |

o|o|e|e
ol|o|o|o

x
2b. Processing protocol for an extruded bean snack developed 0
2b. Nutritional and sensory ch istics of bean snack op 0

o|o|x
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2b, Effects of processing on nutritional quality determined 0 0 0 0 0
2b. Bean flour for soups & porridges produced from extruded flour X 0 0 0 0
2b. Effect of bean consumption on human r i X 0 0 0 0
2c¢. Protocol for producing bean flour up scaled and refined 0 0 0 0 0
2c. Recipes using bean flour developed & evaluated in competition 0 0 0 0 0
2c¢. Winning recipes promoted in communities 0 X 0 0 X
2c. Protocol for bean flour-based product developed and ¢ d X X 0 0 X
2¢. Contribution of bean-based products to nutrient intake assessed X X 0 0 X
Objective 3 Increase Marketing and C ion of Beans and Bean Products
3a. Value chain and marketing analyses completed 0 0 0 0
3a. Consumer requir. & market channels for bean flour identified 0 0 0 0
3a. Successful producer marketing strategies identified 0 0 0 0
3a. Market information system improved x X x 0
3a. Farmers/f: orgs. trained in impi d bean marketing x x X 0
_|sb. Consumer-feq. & market channels for bean products identified 0 % 0 0 0
3b. Value of bean vars. and value-added prod. in markets identified Eafe-0 ’ 0 0 =0
3b. C req. for the bean flour-based food ined X X X 0
3b. Farmers & farmer orgs. trainied in ping ing plans % X X X 0
3c. Identification of ful m ing app =0 0 0 ~0
= |3c_Producers-trained on effective bean marketing - 0 0 0 0 s
8o. Produicers trained on marketing fof new beans products x x x 0 i
. Processors/value chain trained to market beans, new products X = X X 0
Objective 4 Incr. Capacity, Effecti & inability of Ag. Research Institut.
Training 2 new M.S. (FST and AgEcon) at MAK initiated 0 0 0 0 0
Training M.S. student in FST from Rwanda on-going 0 0 0 0 0
Training 3 M.S_students at University completed 0 X 0 0 X
Training 2 Ph.D. at lowa State University ongoing X 0 0 0 0
Inter-organizational learning fostered x x x x v x
Preliminary results di inated (confe ) X X, X X v X

Name of the Pl reporting on
benchmarks by institution L R. Mazur D. Nakimbigwe I M. Ugen H.K. Musoke . H. Vasanthakaalam
%u
L

Name of the U.S. Lead Pl submitting this Report to the MO

Yy /v, 77

N / 207D
Signature Date

* Please provide an explanation for not achieving the benchmark indicators on a separate sheet.
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This form should be

Dry Grain Pulses CRSP

Report on the Achievement of "Semi-Annual Indicators of Progress”

(For the Period: April 1, 2010 - September 30, 2010)

by the U.S. Lead Pl and submitted to the MO by October 1,2010

Project Title:

nchmarks by Object IS WS WS e 1T

Enhancing Nutritional Value and Marketability of Beans through Research
and Strengthening Key Value Cham S!akeholders in Uganda and Rwanda

f instituti

lowa Stale Maketere NaCCRI

titutions
VEDCO

KIST

Target| Achieved
9/30/110| Y N*

Target| Achieved | Target| Achieved | Target

9/30/10| Y N* [9/30/10| Y N* |9/30/10
—(Tick mark the Yes or No co = - —

IObIective 1

{Improve Bean Qualitf and Yields

Achieved | Target
Y N* |9/30/1

Achieved
Y N*

. Meta-analysis report on effect of water & temp. stress on yields

. Completed experiments on sensitivity of to water stress

.D d impact of stress on seed nutrient composition

K Increased quantities of seed for processing & nutritional studies

. M on physiological studies & meta-analysis completed

. Oollaboratlve studies initiated, selected stress tolerant varieties

. Collected and analyzed 2009 yield data

. Analyzed 2009 seed composition from field trials

. D t. impacts on quality from improved harvest & storage

. Conducted 2010 trials using improved production practices

. Confirmed yield and nutritional profile of priority varieties

. Provided seed from field trials for analyses in Objective 2

. Identified agro-ecols

ical regions for using stress tolerance char.

. Developed materials for post-harvest training

. C d farmers' training in pre- and post harvest handling

1c. Evaluated infl of innovations on post-harvest losses

. Farmers/group members trained in research methods

. Open field days conducted at selected trial sites

. Farmer knowledge put into practice for field trial

. Trainee follow-up conducted

. Recommended research results incorporated into training

1d. Field days conducted

1d. Results applied to other bean producing districts

olo|lole|o|o|o|o|lo|o|o|e|ole|o|ele|e|e|e|o|e |
x|x|x|x[x|olox|x|lo|lo|lo|e|x |o|leo|o|e|e|e|e|o|e

olo|lo|le|o|ole|x |lole|x |x [x |x [o|leo|e|x |x [e|o|o|e

olo|lojo|o|o|e|o|o|e|o|e|e|oleo|ole|e|o|e|o|e|e

Ox|x |x [x |x |eo|jeo|x|x|[o|x|x|x|x|[o|leo|e|x |x oo ||

=

|Enhance the Nutriti Beans

3
)
2

Value and Appeal

2a. Nutritional analysis of effects of agronomy on harvested beans

2a. Analysis of effects of processing on nutrition quality

2b. Processing protocol for an extruded bean snack developed

ole|o|e
olo|o|e

o|o|x
oo |x [x

2b. Nutritional and sensory characteristics of bean snack op

ole|e|e
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2b. Effects of processing on itional quality determined

2b. Bean flour for soups & porridges produced from extruded flour
2b. Effect of bean consumption on human bolism d
2c. Protocol for producing bean flour up scaled and refined

2c. Recipes using bean flour developed & evaluated in competition

2c. Winning recipes promoted in communities

2c. Protocol for bean flour-based product developed and optimized
2¢. Contribution of bean-based products to nutrient intake assessed

Objective 3 Increase Marketing an.

3a. Value chain and marketing analyses completed
3a. Consumer requir. & market channels for bean flour identified

3a. Successful producer marketing strategies identified

3a. Market information system improved

3a. Fan orgs. trained in improved bean marketing

3b. Consumer req. & market for bean products identified
3b. Value of bean vars. and value-added prod. in identified
3b. Consumer req. for the bean flour-based food determined

3b. Farmers & farmer orgs. trained in developing marketing plans
3c. Identification of successful ing approaches

3c. Producers trained on effective bean marketing

3c. Producers trained on marketing for new beans products

3c. Processors/value chain trained to market beans, new products
Obiecﬂve 4

Training 2 new M.S. (FST and AgEcon) at MAK initiated

Training M.S. student in FST from Rwanda on-going

Training 3 M.S. students at Makerere Uni ity completed
Training 2 Ph.D. at lowa State University ongoing
Inter-organizational g fostered

Preliminary results disseminated (conferences.,

olo|lo|e|e|o|e

x|x |o|e|e|x |x (o
olo|lo|je|e|e|o|e

0
C ption of Beans and Bean Prodi

%% % |o|o|e|e|e

8
@

o

x |lolo|x |x |olo(x |x |o|e|e

x[xlole|x[x|o|le|x |x ool |R]x|x [x |o|e|e|e|e

x|x |[o|lo|x |x |o|e|x [x |o|e
olololo|o|e|le|e|e|e|e|e|e

X
Capacity, Effe & bility of Ag. Research Institut.
0 0

S
x |x[x |elo|e|Q]x|x |o|le|x |x |o|e|x |x |||

x |% |o|x |o|o

x |% |o|o|e

x |% oo |o

% |% [o|x |o|e
;

[Name of the Pl reporting on I

| ks by i

R. Mazur I D. Nakimbigwe | M. Ugen | H.K. Musoke | H. Vasanthakaalam |

Name of the U.S. Lead Pl submitting this Report to the MO

=
a#llw 36f 09 /0

* Please provide an exp ion for not achieving the k indi on a sep sheet.
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Dry Grain Pulses CRSP
Research, Training and Outreach Workplans
(Dctober 1, 2009 — September 30, 2010)

PERFORMANCE INDICATORS
for Foreign Assistance Framework and the Initiative to End Hunger in Africa (IEHA)

Project Title:
3 5 1= (- aluye 3in Stake z n Llganida w3 |3
Lead U.5. Pl and University: Eobert E. Marur, Iowa State University
Host Country(s): Uganda. Bwanda
2010 Target | 2010 Actual

Owipurt Indicators [(October 1 2009-Sept 30, 2010)
|Degree Training: Mumber of individuals enrolled in degree training

Mumiber of women 1 2

Mumber of men 4 4
Short-term TrEiirg: Mumber of individuals who received short-term Iruﬂ

Mumier of women 3] ]

Mumber of men 11 11
Tach'nh?'E and Policies

Number of technologies and management practices under

research 7 T
Number of technologies and management practices under
field testing 4 4
Number of technologies and management practices made

available for transfer 3 3
Number of policy studies undertaken 1] [i]
Beneficianes:

Mumber of rural households benefiting directty iTd a7
Mumber of agricultural fimms/enterprises benefiting 2 2
Number of producer andfor community-based
|organizations receiving technical assistance 14 14
Number of women omganizations receiving technical

assistance 14 14
MNumber of HC partner organizations/institufions bemefiting 4 4
Developmental outcomes:

Number of additional hectares under improved
technologies or management practices 15 15
Public-Frivate Secor Partnerships

Number of public-private sector partnerships formed as a

result of USAID assistance USAID added 0808 0

82



Dry Grain Pulses CRSP Technical Reports
FY2010

Combining Conventional, Molecular and Farmer Participatory
Breeding Approaches to Improve Andean Beans for Resistance to Biotic
and Abiotic stresses

Principle Investigators
James D. Kelly, Michigan State UniversitySA Augostine Musoni, ISAR, Rwanda
Eduardo Peralta, INIAP, Ecuador

Collaboratoring Scientists
George Abawi, Cornell UniversityySA Sieglinde Snapp, MSU, USA

Abstract of Research Achievement and Impacts

The bean breeding program at MSU recently released a new black bean variety Zorro.
The variety was the highest yielding black bean grown across six locations in statewide
trials in Michigan in 2010. Zorro proded an average yield of 3tons per hectare and top
yields exceeded 3.7 tons at two locations. 2010 was the first major production year for
Zorro and it would appear to have exceeded expectations of growers in terms of yield,
suitability for direct harvestral excellent uniform dry down when mature. In trials
conducted by Dr. Abawi at Geneva NY, Zorro had the highest level of resistance to the
root rot complex at that location. In 2010, the first vine cranberry bean variety Bellagio
was released by MSU. Theariety has improved plant structure, uniform maturity,
excellent seed quality for canning and resistance to anthracnose and bean common
mosaic virus. In statewide trials in 2010 it outperformed the commercial variety Chianti.
The program continues to euate black, navy, red, pink, pinto, great northern and
kidney lines for resistance to common bacterial blight, rust, white mold, virus and
anthracnose; and drought tolerance. In NY, root rot screening of new germplasm from
MSU and Puerto Rico was conduciaedhe field and selections were made and returned

to the research programs for use in breeding; greenhouse screening of lines from Ecuador
against Rhizoctoniawas also conducted. In Ecuadtwo new bean varieties were
released to farmers in the Choto Mgl INIAP 481 Rojo del Valle is a largeeeded red
mottled type and INIAP 482 AfroAndino is a small bles#eded variety released for
canning industry.The varieties were released through the process of evaluation and
participatory selection with memberd the CIALs in the provinces of Carchi and
Imbabura The program expanded grower participatory variety selection to seven new
CIALs in 2010 and continues to refine its roonventional seed production in the Mira

and Chota Valleys with specialized seedvgers. Over 17 tons of basic seed of seven
varieties was produced for distribution to growers in the region. The expansion of the
Portillo red mottled variety into a broad area of the Intag Valley supports the substantial
outreach component of the programd the interest and need for new bean varieties in
the region. In Rwanda, the breeding dramatically expanded crossing program and
successfully produced 24 ton of breeder seed that was distributed to NGO partners who
multiplied over 100 tons of bean se@at distribution to farmers in small quantities.
Seven climbing bean varietiefor mid to high altitude zones; three setchimbers and

four bush bean varietidser low to mid altitude zones and one snap bean variety were
officially released in 2010.
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Project Problem Statement and Justification

Common bean Rhaseolus vulgarid..) is the most important grain legume (pulse)
consumed in Ecuador, and the most important protein source in Rwandan diets. Around
120,000 hectares of beans are cultivated annualcuador, and common bean is the
most widely grown pulse in Rwanda on 300,000 hectares. Both bush and climbing beans
constitute an important economic income for farmers, and staple food for thousands of
Ecuadorian families, and the vast majority of smsa#lale farmers in Rwanda.
Improvement of bean genotypes for Ecuador environments has a potentially significant
spinoff in terms of the high potential for adaptation to Rwanda upland farming systems,
which is one of the most bea@wominated production areas the world. Smallholder
farmers, many of them widows supporting families, are keenly interested in rebuilding
their bean genetic stocks and expanding into new market opportunities as stability has
returned to their country. Building on international bganmplasm, but particularly on

the Ecuador experience and germplasm, a valuable opportunity is present to develop and
deploy improved bean varieties in Rwanda, using the latest molecular anebakened

plant improvement techniques. An improved underding of plant traits and genotypes
with resistance to multiple stresses from abiotic (e.g. drought) and biotic (root rot and
foliar pathogens) sources will provide unique materials for ssaalle farmers, while
providing insights into plant tolerance amanisms for enhanced plant breeding methods.
Results of this project should contribute to improved yield, farm profitability and human
resources in the host countries and indirect benefit to participating U.S. Institutions and
bean producers.

Planned Prgect Activities for April 1, 2009 - September 30, 2010

Obijective 1: Develop through traditional breeding and maséissisted selection (MAS) in

a range of largseeded Andean bean germplasm with differing combinations of
resistance to major foliar diseas® contrasting bean growth habits for distribution and
testing in the highlands of Ecuador, Rwanda and the Midwestern U.S.

Approaches and Methods:

1. Continue to select parental breeding materials for crossing in Ecuador, Rwanda and
U.S.

2. ldentify select goup of lines from Rwandan breeding for crossing with new
introduced differential lines from Ecuador and CIAT.

3. Cross advanced lines back to resistance sources of bean common mosaic virus
(BCMV) and angular leaf spot (ALS) to fix resistance which appeadiesctostability
in Rwanda.

4. Cross Rwandan sources of resistance for ALS, rust, anthracnose, Fusarium wilt and
Pythium and major foliar pathogens into large seeded lines with contrasting colors.
Confirm resistance of selected parental lines to target rodtogen(s) in a
screenhouse/greenhouse test, if needed in Rwanda or at Cornell.

5. Utilize markers in earhgeneration selection for major disease resistant traits in
Ecuador and conduct inheritance studies in the greenhouse for anthracnose in
Yunguilla and rusresistance in JE.MA.

6. Initiate markerassisted selection at one central lab (Ruhengeri) in Rwanda.
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7. Yield evaluation of advanced lines in range of seed types in Ecuador, Rwanda and
U.S. Exchange of most promising materials among the three brg@dgrgms

8. Continue seed increase of most promising lines in all three countries

9. Expand on farm trials with advanced lines in Rwanda and Ecuador

10.Release four climbing beans and four bush bean varieties in three commercial types
across agrecological zonesh Rwanda; and a bush bean variety with broad disease
resistance for production in Ecuador

Results, Achievements and Outputs of Research:

1 The MSU breeding program released a new vine cranberry bean variety, Bellagio.
The plant type is less decumbent than the current vine varieties, and its produces a
large (55g) round seed with excellent canning quality. Bellagio isséakon variety
with resistance to anthracnose and mosaic virus. The seed type would have
commercial appeal in both Ecuador and Rwanda.

1 The new black bean variety Zorro was the highest yielding bean grown across six
locations in statewide trials in Michigan in 2010. Zorroduweoed an average yield of
3tons per hectare with top yields exceeded 3.7 tons at two locations. 2010 was the
first major production year for Zorro and it would appear to have exceeded
expectations of growers in terms of yield, suitability for direct haraad excellent
uniform dry down when mature. Performance and acceptance of new Santa Fe pinto
and Fuji tebo bean in different production states in 2010 was encouraging.
Approximately 3000 vyield trial plots were harvested and 2600 single plant selections
were made as part of the MSU breeding program activities in 2010.

1 Research continues to develop a stable transformation system for common bean.
Progress has been slow and the research is no longer a student project and has been
fully assigned to the Plant@nsformation Center.

1 In Rwanda, 191 crosses multiple crosses were made to improve commercial and new
varieties, mostly of the Andean types in diverse seed color types such as G2331
(Yellow) CAB 19 (Navy), Ngwinurare (Red kidney), MAC 9, MAC 44, MAC 49
(Cdimas), RWR 1180, RWR 2245 (Red mottles), RWR 1668 (Dark red), CAB 2,
Decelaya, MAC 28, RWV 2357, RWV 2070, Gasirida, G2333, RWK 10, UBR 96
and RWV 3006 among others. The full set of differential materials for angular leaf
spot, anthracnose, bean rust @MYV that were received from Ecuador, USA and
Puerto Rico were maintained and were used in additional crosses to create new F
Andean recombinant populations during 2010 A. The harvestpdpgulations were
evaluated and about 100 individual plant selestivere made and were advanced for
further screening at Rubona site during 2010 B. A total of 30 crosses were
made during 2010B in the Rubona screenhouse to generatal 3tway crosses to
incorporate anthracnose in the newly released climbing asid \arieties.

1 Selection for micronutrient rich lines from advanced populations (F6 to F8) that were
introduced from CIAT continued in 2009A. The parents for the breeding populations
included: G14519 * SEL 1416; G 14519 * SEL 1457; G 14519 * CAB 19. All
together 282 advanced lines were selected in the three mid or high altitude stations of
Rubona (121 lines), Rwerere (107) and Musanze (54 lines). Of these 77 F8 or F9
homozygous lines were introduced into preliminary yield trials, whikvidual plant
selections will be made among the remaining segregating populat&gsl0B.
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l

In the past, the bean program has used the existing rich diversity of bean germplasm
and land races in Rwanda in breeding and selection of new varieties such as
Ngwinurare (climberand Urugezi (bush). More recently, Gasilida and Mwirasi are
among the landrace varieties that have been released by ISAR. As part of routine
collections, 289 local bean accessions were collected across the country during
2009/2010. They were classified gyowth habit, seed types as well as by region of
adaptation. They were also sent to Waite Analytical Services in Australia for
determination of micrenutrients (Fe and Zn) content. They are being further
evaluated for adaptive agronomic traits in différecologies in the country.

Under regional and international collaboration, more than 600 breeding or pure lines
were received from partner research institutions, notably CIAT Colombia, Ecuador,
Puerto Rico and MSU. They represented different market sldsagies, red kidney,

red mottles, large white, carioca, zebra) or sources of different constraints (diseases
and nutritional deficiencies). The lines were introduced in the breeding scheme under
adaptation and yield trials or as donor parents to impcowamercial cultivars (Table

1). CIAT also contributed more than 500 new lines, including NUA, NUV, MAC and
MAB lines as well advanced breeding populations that were bred for high
micronutrients content, BCMV or for adaptability to different agoological
regions. Evaluation and selection among the different nurseries is ongoing.

Two newly released bush bean varieties ofmmaattled and black seed types from the
bean breeding program in Ecuador were introduced in the advanced yield trial at
Nyagatare resech station. Approximately 33 advanced lines bred for drought
tolerance were received from CIAT for evaluation in drought environment sites at
Karama and in Nyagatare this season.

Following the traditional variety selection scheme, different promisingrazbd lines

were selected from previous trials in 2009B after evaluation in the preliminary,
intermediate, advanced and mddication trials. These include bush and climbing
beans in the low (10001400 masl: Nyagatare, Karama and Ngoma), mid (1400
1700 m: Rubona, Muhanga, Nyamagabe and Ntendezi) and high altitude {1700
2300 masl: Rwerere and Musanze) stations anfhion zones. Farmer participatory
approaches were used to select for high vyield, tolerance to diseases, general
adaptability as well as fdarmer and market preferences criteria among the advanced
lines for eventual release to farmers.

By building on the previous breeding work and selection and leveraged funding from
the Alliance for a Green Revolution in Africa (AGRA), advanced rHattéion yield

trials and farmer participatory selection were expanded on a wider scaléndhe
selection and characterization resulted in the release of 15 new bush, semi climbing,
climbing and snap bean varieties. The major achievement was the reldhseeof

new climbing and two senralimbing bean varieties that were earlier maturing and
heat tolerant and were adapted to the samdi conditions in Nyagatare and Bugesera
regions of eastern Rwanda. They were selected from 56 and 41 entries that were
introduced from CIAT, respectively. The new climbing varieties (MAC lines)
matured earlier relative to the traditional climbers and had meatataon yields of 3

to 4 tons per hectare and-tarm yields of 2.22.5 tons per hectare, ranging in yield
from 141198% over the local checks. The sechimbers had potential yields of
between 2.5 ton h&, about onendhalf tons more than the local checks.
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1 The names and characteristics of the 15 new varieties officially released in Rwanda in
2010 are shown on table These included seven climbing bean varieties for mid to
high altitude zones; three sealimbers and four bush bean varieties for low to mid
altitude zones and one snap bean variety. The climbing beans MAC 9, MAC 49,
MAC 44 are the first climbers dewged for midlow altitude zone and three semi
climbers SER16 and SER 30 are-ssskded, highly efficient early season lines with
high levels of drought tolerance; the determinate types have excellent seed
characteristics. The new varieties represent arsityeof seed color and with
exception of SER lines are mainly from the Andean gene pool.

1 In April 2010, the National Program in Ecuador initiated the release of two new bean
varieties: red mottled INIAP 481 Rojo del Valle and black seeded variety INSRP 4
Afroandino in the Chota ValleyThe varieties were released through the process of
evaluation and participatory selection with members of the CIALs in Tumbatu
(Carchi) and Juncal (Imbabura). The actual event coincided with the visit to Ecuador
of PULSECRSP scientists from the US, Africa and other LAC countries. A climbing
bean type with a cargamento seed type for green shell was also released for the region
of Pallatanga.

1 The newest red mottled bush bean variety with type Il growth habit originathe as
breeding line TP6 with the pedigree (SEL1308/*Red Hawk//JeMa/3/*Paragachi).
Crossing was initiated at MSU to introduce anthracnose resist@oe# gene) into
red kidney seed types. In Ecuador the resistant line was further crossed to local
varietiesJeMa and backcrossed to Paragachi and the TP6 line was identified in 2004.
From 200507 the line was evaluated at the Tumbaco research farm and was selected
for resistance to rust, root rots, yield and seed quality; from-R80the line was
evaluated usigp participatory research in CIALs in the valleys of Chota y Mira
(Imbabura y Carchi) where growers recognized its favorable plant vigor, yield and
seed quality traits; seed multiplication was initiated in 2008 and in 2010 it was
released as the improvedriey INIAP-481 known as Rojo del Valle for production
as a green shell or dry bean variety. The seed is red mottled with a longer kidney
shaped seed. It carries intermediate resistance to rust (3.5 vs. 6.0=S) and high levels
of resistance to root rot cad by F. oxysporum;l.8 vs 7.0=S) which is threatening
the expansion of the new stress tolerant Portillo variety into specific production
regions. The average yield of Rojo del Valle is 1.8 t/ha over 13 locations compared
to 1.2 t/ha for the widely growparental variety Paragachi.

1 The variety INIAP 482 Afroandino is a small seeded black bean that originates as
the CIAT line A55. The line was introduced to Ecuador in 1998 and from-@805
was evaluated in Tumbaco for resistance to different root seadesK. solaniand
F. oxysporum In 2008 the line was evaluated by growers in CIALs and chosen for
its adaptation, yield and seed quality. In 2010 it was released to growers as the first
black bean variety released by INIAP for direct consumption ouse in the local
canning industry. The variety is resistant to anthracnose, root rots (2.1 vs 6.1=S), and
yield averaged 1.6 t/ha over seven locations compared to 1.3 t/ha for the local check.

1 In Ecuador crosses were made using parents principaltu$granthracnose, angular
leaf spotALS, and Fusarium wilt caused blyusarium oxysporumSources of
resistance came from both gene pools that have been previously evaluated to confirm
resistance. These include most of the anthracnose resistance geneshdrom
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differential series, rust genes including-Ur and Uf13 and sources for resistance to

wilt in which the genes have not been characteritedhe second cycle these F1
were used to make\Bay crosses with commercial varieties like INIAP Concepcion,
INIAP Portilla, TRM1 y RMC 59. In the same cycle F1 from crosses for resistance to
Fusarium wilt were selfed and single plant selections were made in the F2. Resistance
sources included RMC 27, RMC 20 y TP6, and were combined with susceptible
commercial vaeties, Portilla, Concepcion and INIAP Paragachi Andino. In addition

19 new single crosses were made with resistance sources for rust, ALS and
anthracnose to genotypes with commercial seed types, red mottled solid reds, whites
and pink mottles known as e types. Crosses were also made to study the
inheritance of rust and anthracnose in local varieties Je.Ma, Portillo and Yunguilla.
The first materials with resistance to all three major diseases (rust, anthracnose and
angular leaf spot) have been ideetf.

Seed increases were initiated on the research farm at Tumbaco of promising lines
RMA 26, RMC 59, (Yunguilla x POA 163, ARME2 and Concepcion x (G916 x
Concepciom)l. Further increases were made in the Intag Valley of two lines
Concepcion*/G916. andARME?2 selected through participatory research program.
Future increases of these lines are planned in the Intag Valley with the intention that
they be released as new varieties in this production region. In June 2010 100 kg of
seed of Portilla, 45 kg of IAP Rocha and 20 kg of Paragachi Andino were planted
with CIAL in Pallatanga (Chimborazo) to increase seed of these new varieties in this
important production region.

In the first cycle of 20022010, field studies were planted in six new CIALs to test
new materials in different seed types, red mottled, White, yellow, red kidney and
blacks. Selected of the best adapted materials was made with members of the CIALs.
Selection parameters included plant vigor, yield and seed quality. Selection was
continued foithe same traits in the next growing cycle.

Objective 2 Develop inbred backcross lines in a range of commercial seed types for
testing under drought and root rot pressure in Ecuador, Rwanda and the U.S.

Approaches and Methods:

1.

2.

3.

Four inbred backcross line (IBL) populations will be evaluated in growers field under
conditions of drought in Ecuador

Evaluate specific populations at two sites for reaction to drought andtress in
Rwanda

Advance other IBL populations with specifirought and root rot resistance traits that
are under development.

Evaluate suiset of best drought tolerant lines from thesis study of Louis Butare at
two locations in Rwanda.

Complete characterization of 141 new local traditional lines (bush, cliinbers
collected from growers in Ecuador to determine level of drought tolerance under
rainfed conditions in highlands.

Preliminary characterization and seed multiplication of 90 accessions (bush, climbers)
collected in province of Bolivar, Ecuador.

. Trials will be conducted for root rot resistance sources in Ecuador each season and

88



Dry Grain Pulses CRSP Technical Reports
FY2010

8.

9.

Validation studies will be conducted of markers linked to sources of root rot
resistance and drought tolerance.

Identify field site for root rot evaluation (Pythium, Fusarium widnd
Macrophomina), and initiate screening of promising germplasm in Rwanda. Field
identification will be accomplished by surveys or bioassay of soil samples with beans
(known to be susceptible to target pathogens) in greenhouse/screenhouse tests.

10.Characteze germplasm for reaction to individual root pathogens at Cornell using

selected promising germplasm for Rwanda and Ecuador.

Results, Achievements and Outputs of Research:

T

During this year, 137 inter gene pool Recombinant Inbred Lines (RILs) from s cros
between SEA 5 (Middle American gene pool) and CAL 96 (Andean gene pool) were
sent to Rwanda for future field studies. The population was obtained from CIAT for
QTL study of drought resistance in Rwanda and will be part of the doctoral studies of
Gerardire Mukeshimana. This population will be evaluated under both irrigated and
no irrigated conditions in Rwanda starting in early 2011. Currently, genotyping of the
parental lines with SSR markers has been initiated. To date, 268 SSR primers were
run on the prents SEA5 and CAL 96 of which 103 (39%) showed polymorphisms
between the two parents.

Preliminary and offarm participatory trials evaluation and selection identified small
red seede®ER 12, SER 13, SER 14, SER 16, and SER 30 lines were among the new
bush types well adapated to the samd conditions of Umutara and Bugesera zones

of eastern Rwanda. Their potential yields range from 2.0 to 2.5 ton per ha. The small
red seed types are associated with good taste and red broth color, important in mixed
diets with tubers and cereals. The variety SER 16 was the most appreciated by both
the male and female participating farmers, traders and consumers. It was released as
ISAR-SCB-101, while SER 30 was released as ISBBB-102 (Table 1).

Greenhouse experimentg MSU were conducted by Gerardine Mukeshimana to
identify bean lines with higher levels of drought tolerance. Eight cultivars will
varying levels of drought tolerance were tested in the study. These included
Blackhawk, Jaguar, Phantom, Zorro, TABR05, 18863, and B98311, and
RAB651. Three experiments were conducted #nfsquare plastic pots in the
greenhouse where moisture is withheld. Since the root is constrained in this system,
we were able to investigate shoot mechanisms underlying drought resistamean
seedlings. Various variables including wilting, leaf abscission, maintenance of stem
greenness, recovery after resuming irrigation, pod number yield, and biomass were
recorded. For wilting, leaf abscission, and stem greenness traits, tharcildtguar
showed less wilting as well as less leaf senescence and stem greenness followed by
Phantom in all cases. Cultivar B98311 which has a deep tap root that sustains it
through intermittent droughts was the more susceptible in this study based on the
above variables. The capacity of seedlings to set pods after the recovery from the
drought was determined. Cultivars Jaguar, Phantom, and Blackhawk did not show
any difference in pod number under both stress and no stress while Jaguar and TARS
SRO5 did ot show a significant loss of biomass under both treatments. It is hoped to
better separate root and foliage responses to drought so that these can be combined
into a single cultivar to further enhance tolerance to drought.
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f An attempt to increase seed ofie mapping population (CONCEPCION *
2/RAB651) in Michigan was moderately successful in 2010, due to problems with
photoperiodism. The population will be evaluated under moisture stress in Rwanda
in 2011 to identify QTL for drought tolerance. Meanwhi@genotyping of the
parental lines with SSR markers continues.

1 Replicated field evaluation trials consisting of a total of 40 bean materials were
established in the experimental bean root rot field at the Vegetable Research Farm of
the NYSAES near Geneva, YN Twenty six of the entries came from MSU, whereas
the other 14 entries were selected from the 2009 bean evaluation trials conducted at
the same location with bean germplasm provided by Drs. Porch, USDA/P.R. and
Kelly, MSU; and the NY bean Breeding PrograRoot rot development was only
moderate due to the dry and warm weather conditions that prevailed during the early
part of the 2010 season. However, the tested materials differed considerably in their
reaction to root rot diseases that prevailed atlttwation, primarily those caused by
Fusarium solanif. sp. phaseolj Pythium ultimumand Rhizoctonia solaniRoot rot
severity rating ranged from 3.1 (Zorro) to 5.3 (Red Hawk) on a scale of 1 (no disease
symptoms observed, healthy) to 9 (most severe synmgptuith roots at a late stage of
decay). Among the other bean materials with root rot severity score <4.0 were MSU
breeding lines #P07863, R08516, S08419, B09175, and B09135. In addition, a severe
epidemic development of common bacterial blight occuregdrally at this location.

MSU line #B09135 exhibited an immune reaction (a rating of 1 on a 1 to 9 scale),
whereas B09197, P07863, R09508, K08222, and N09056 were among the most
tolerant (a rating score <3.0). In contrast, great northern breeding lirG8268&
G08256, G09320 were among the most susceptible (a rating > 7.0). Among the
materials selected from the 2009 trial, the bean line code 16 (P.R. #TARSI®)

had the lowest root rot rating (a score of 3.3) and exhibited an immune reaction to
CBB. nly a low incidence of Bean Yellow Mosaic Virus was observed in 2010, in
contrast to the severe infection of several viruses that occurred in 2009 at the same
location.

1 Other activities include greenhouse test to characterize selected bean lines/germplas
for reaction to Cucumber Mosaic Virus (CMV). The work conducted collaboratively
with Dr. Marc Fucks and a total of 15 lines were the most tolerant, as they exhibited
mild mosaic symptoms and/or yellowing in comparison to the susceptible checks
(CLRK and Hystyle). In addition, three greenhouse tests were conducted to
determine the most effective inoculum pressure for assessing the reaction of
promising bean germplasm against infectionsRiyzoctonia solan(Rs). Pinto
Zapata and dhaveexhibitédsthe Bighést tolerance to Rs in these
tests. This work is on going with large number of promising lines of various seed
types. Finally, we are currently testing a modification of a protocol for assessing the
reaction of bean lines to infection biye Fusariurwilt pathogen, Fusarium
oxysporumf. sp. phaseoli Two weeks after inoculation in an ongoing test, only
Montcalm and BAT 477 showed a susceptible reaction, whereas all other materials
included (Fanesquero Blanco, Paragachi, A 211, Blackel0&I-3092, Red Kanner,

Pink Panther, Concepcion, Je.Ma. and Caprice) have exhibited no disease symptoms.
This information will be provided to the program in Ecuador to assist them in their
screening efforts of resistance to Fusarium wilt.
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Other researcbrojects on beans being conducted by Dr. Abawi include the effect of
reduced tillage (zon#ll vs. plow-till) on dry bean yield and root rot severity;
prioritizing cover crops for improving root health and yield of vegetables using beans
as the bioassagrop. Average yield of beans was highest in the field with the highest
soil health parameters and the lowest root rot severity ratings. The cover crop
treatments also greatly affected root rot severity development and yield of beans, but
varied among theolr fields. However, yield of beans was lowest and root rot
severity ratings were highest in plots with buckwheat as the cover crop. Root rot
severity ratings were also high in plots planted to cover crops of red clover, forage
radish and rapeseed in aklfis. The cover crop treatments wereestablished in the
same plots in late Augustearly September 2010 for another cycle of evaluation in
2011.

In Ecuador drought tolerance from the best Middle American source$3 &8ack

and RAB651 red lines, wastrogressed into six inbred backcross IBL F8 lines from
this program. White, yellow (canario) and red mottled seed types were selected under
conditions of terminal drought at the research farm in Tumbaco. In the same cycle 44
RILs with potential resistamcto root rots were evaluated and 13 lines were selected
for drought tolerance, yield and seed quality in red mottled types. In the second cycle
(Jar2010) the same lines were evaluated under terminal drought and seven high
yielding lines were identified ith resistance to rust superior to Portillo and
Concepcion check varieties.

In the earlier cycle (Oct 208%an 2010), a group of 123 &nd F; blackseeded types

were planted as plant rows. At maturity 53 lines were selected for drought tolerance
and yield The lines were further evaluated with an addition 23 lines from Honduras
for yield and drought tolerance and a total of 16 lines were selected. In the-March
June 2010 cycle, 20 lines were evaluated for resistande txysporumat the
Tumbaco station. Seven lines were resistance and 14 were susceptible in pathogen
infested soil.

Eighteen cranberry lines developed at MSU were evaluated for resistahcsotani

in the greenhouse at the Santa Catalina station. The lines exazieged from inbred
backcross population where Negro San Luis black bean was the donor parent. Only
one line C03108 was resistant along with NSL parent and Negro Bola Pallatanga.
This represents a major advance as the resistance was effectively mowesiniad
seeded black bean to larger seeded cranberry bean.

Objective 3. Collect and characterize pathogenic and genetic variability of isolates of
root and foliar pathogens in Ecuador and Rwanda.

Approaches and Methods:

1.

In Rwanda conduct surveys to dmge major root diseases and collect isolates of
root pathogens for characterization. The survey will be expanded to western
production region. These surveys will be continued throughout 2009 and completed
in 2010.

In Ecuador complete characterizationrobt rot isolates collected previously in both
Northern and Southern production regions at Cornell and/or Ecuador, following
discussion among collaborators during a visit in 2009.
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3. Access potential for germplasm/root rot isolate interactions in greenhioGsenz||.

4. Phenotypic evaluation of Rwandan germplasm for resistance to root rot(s); and local
isolates of anthracnose, ALS and BCMV.

5. Continue the collection of isolates of anthracnose, and ALS in Rwanda and Ecuador
from diverse agrecological zones folace typing

6. Initiate genetic characterization/race typing of rust, ALS and anthracnose isolates and
maintain and increase seed of the differentials for anthracnose, ALS and rust in
Rwanda; and initiate characterization of ALS in Ecuador. In addition, race
characterization of Fusarium wilt pathogen and the aggressiveness of isolates of
Macrophomina, Rhizoctonia, and F. solani will be conducted on selected bean
germplasm.

7. In Rwanda, plan to document and summarize past studies on mapping and/or
variability of Fusarium wilt, Pythium, ALS, anthracnose by CIAT/ISAR and MS
theses since many of the studies are in French.

8. Continue to document and publish results of recent angborg breeding activities

in Rwanda.

Results, Achievements and Outputs of Research:

T

Anthracnose was a problem in Michigan in 2010. Isolates were collected from

growerso6 fields and all typed out as race

race are present in current cuundveaesd
susceptiblevarieties with having it verified to be disease free. The problem is most
obvious on white beans as the anthracnose lesions are quite noticeable but is less
obvious on black beans where the problem continues to persist.

Rust was collected again from beflds in Michigan, but it was more widespread

and severe in 2010. The strain is similar to that collected over the last three seasons.
The new strain characterized as race22@efeats many of the current resistance
genes deployed in MI. A similar rac®-3 was recently detected in North Dakota.
Resistance has been identified in elite MSU black and navy bean germplasm and
crossing has been initiated to transfer resistance. Given the persistence of this race an
extensive screening of all MSU germplasm asnlg conducted in the greenhouse this
winter.

The collection of new samples of leaves, roots infected with major pathogens
(angular leaf spot, bean rust and anthracnose) has been a continuous activity in
Rwanda since 2009. This activity has been ongoing mainly in the east and southern
Rwanda. Fresh @anmore extensive sample collection is expected in the current
season and their characterization by conventional and molecular means is planned in
collaboration with MSU and Cornell.

Fusarium wilt is becoming increasingly serious disease in many beancpood

areas of Ecuador. In addition some of the most recently released varieties have proven
to be susceptible to the disease in certain localities. The program initiated the
collection of isolates ofusarium oxysporunin the localities de Urcuqui, Pablo
Arenas and Intag. Some of these isolates did not prove to be pathogenic so additional
collections will be made in order to have a virulent isolate for greenhouse screening.
Dr. Abawi is assisting the local pathologist with the process of isolate idatitin

and screening methodologies, as field screening at Tumbaco is limited to specific
region of the farm where the pathogen currently is localized.
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Four new races of anthracnose (293, 261, 391 and 389) from five samples collected in
the localities ofCaldera, Pallatanga, Urcuqui and the research farm in Tumbaco.
Eleven monosporic isolates of ALS previously collected and stored back in 2004
were revived and lyophilized again for long term storage.

Efforts were made to develop and standardize inoculatiethods for screening for

ALS using detached trifoliate leaves in Petri dish. Symptoms develop in 15 days after
inoculation compared to delayed symptoms of 30 days on the intact plant. In order to
standardize the protocol advanced lines with known eggistwere inoculated to test

the protocol. Additional work is needed to satisfactorily standardize the method
which shows considerable promise for saving both time and resources.

Objective 4: Employ participatory plant breeding and agroecologmathods to assist
the breeding process in Ecuador and Rwanda to enhance productivity and market quality
of beans under development.

Approaches and Methods:

1.

Design and validate sustainable farming practices including integrated crop
management systems femallholder farmers in Rwanda. Prepare and distribute a
report by the end of 2009 on the cropping system survey and literature review outputs
from prior workplan, as a foundation for participatoryfanm bean cropping system
assessment.

Compare and contsa advanced line selection practiced by breeders and farmers in
mid-altitude and high agroecological regions in Rwanda

U Plan genotype by environment farmer participatory assessment of advanced
lines within intercrops and sole crops, start planning in Oct@0€9.

U0 Onfarm assessment at pilot basis start during main growing season of 2009
with baseline and set up of one set of station andaon trials for first
season in 2010, expandedfanm trials in September 2010

Evaluation of 12 tests with 10 ClAlesach growing cycle in Ecuador.

Strengthen nowonventional seed production in Ecuador and both conventional and
nonrconventional seed production in Rwanda.

Release one bush bean and one climbing bean in Ecuador using farmer participatory
approach.

Evaluate both in field and lab promising lines suited for canning (processing) in
Ecuador.

Organize a visit of scientists from Rwanda to Ecuador to interchange experiences on
population management, germplasm bank, evaluation of early generation materials at
different stations; interchange of experience on farmer participatory and seed
production for local use by small farmers and members of CIALs in Choto and Mira
valleys.

Initiate interchange of experience in Rwanda on participatory methods and seed
production for local community use with smallholder farmer members anticipated
date August 2010. Training of trainers (extension, research technicians, NGO staff,
expert farmers, seed company technicians) on seed and farming system production,
and work with progresve farmers. This activity will be coordinated with root health
workshop planned for late 2010.
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Results, Achievements and Outputs of Research

1 Several orfarm sites were planted to demonstrate the performance of improved
varieties versus the local onesRwanda. In particular, trials were conducted on the
effect of different combinations of fertilizers on yield of an improved variety, RWR
1668 and a local mixed variety (LM Local Mixture) at nine locations Cyabayaga;
Gakirage and Rukomo in theyagataredistrict where livestock farming is common.
Farmers toured the sites and rated the performance of the varieties under the different
treatments. Overall, combinations of organic (farm yard makR¥id) and inorganic
(NPK) amendments produced the best e$fed¢tnproved variety RWR 1668 had
better yield than the check local variety across sites and fertilizer treatments.

1 In each of the last two growing seasons at least 10 tons of breeder dradipreeed
of old, prereleased and released bush or climbinghbearieties were produced on
different research stations. In 2010B alone, 13.9 tons of seed was produced in seven
stations. Climbing beans were mainly multiplied in the north and south of the
country. While the bush beans dominated in numbers, there Whserdt effort to
promote the new heat tolerant climbing bean varieties in the East. Seed was sold and
di stributed to farmers and farmerds <coope
RWASECO, IMBARAGA, DERN, COAMV, RADA partners for secondary seed
multiplication and distribution to more farmers. Under this arrangemenite than
100 tons of basic and certified seed was produced by these partners and thousands of
households were expected to be reached under the strategy of small seed packages
(0.5 kg, 1.0 kg, 24, 5, 10, 50 kg) for distribution.

1 Evaluation and participatory selection of bush bean germplasm with local CIALs
continued in Ecuador. In the two growing cycles different colored breeding lines were
evaluated in six new CIALs in the Salinas and Choto valleys. During the same two
growing cycles at the end of 2009 and beginning of 2010, over 17 ton of seed of the
following bush bean varieties, Portilla, Rojo del Valle, Rocha, Canario de Choto,
Afroandino, Concepcion, and Paragachi Andino was multiplied by eight specialized
seed growers in Cls in the Choto and Mira Valleys.

1 Inanew CIAL in the Mira Valley, four red kidney beans and six black bean varieties
were planted with the intention of providing beans for industrial canning market. The
farmers selected BRB 195 and DRK 105 red kidn@gsyand three black bean lines
G21212, L8863 and Negro San Luis. These lines will continue to be tested to
confirm their suitability to this region and their potential for the canning industry.
This work is being conducted in the nutrition lab at Santal®a where preliminary
canning tests are being conducted on the suitability of five red kidney, five black and
two canario (yellow) lines for canning.

T I'n June 2010, 14 bean producers and member
arenas del Valle de Sas visited the research farm at Tumbaco to see the research
plots, and seed production lots of basic seed of new varieties.
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Objective 4: Degree Training

1 Gerardine Mukeshimana, Citizenship: Rwan@ldvajor Professoi Kelly; Program
started Augus2008; Research focus will be on the development and study of drought
tolerance in beans and part of the work will be conducted in Rwanda.(Research
progress reported hereiuring May 2010, Gerardine was invited to attend a
workshop at CIAT and she spendditional time at CIAT visiting scientists and
becoming familiar with research programs. In July she attended a workshop on
breeding for drought tolerance at Colorado State University. She is currently
preparing for her comprehensive examination in Dece@®®0. Upon the successful
completion of that examination she will go to Rwanda in January 2011 to initiate field
studies.

1 Krista Isaacs, U.S- Major Professori Snapp; Program started August 2008;
Research focus is on agrodiversification of bbagsed cropping systems and
nutrition, and part of the research work will be conducted in Rwanda. Krista Isaacs is
in similar stage in her studies as Gerardipeeparing for her comprehensive
examination. Since she secured a Fulbright Fellowship to work in Rwsmdhe has
been required to take a course and tutoring in Kinyarwanda language, which has been
time consuming. Upon the successful completion of that examination she will go to
Rwanda in January to initiate field studies based on findings from a psibriwi
Rwanda in 2009 as part of pdéssertation grant.

1 Louis Butare returned from PhD training and assumed new leadership of the project
in Rwanda. Augustine Musoni, the -tovestigator in Rwanda attended two short
course training workshops on Scientifiériting and Publications (July, 2010) and
Statistical Analysis using R software package (October, 2010) under ASARECA
support.

Engagement of USAID Field Missions

Kelly has visited the Agricultural Officer, Ryan Washburn in the USAID Mission in
Kigali ontwo occasions to discuss the role and work of the PULSE CRSP in Rwanda and
introduce HC partners Mr. Musoni and Ms. Mukeshimana. The Mission in Quito is aware
of CRSP activities in Ecuador and publications of project on variety releases and bean
production practices prepared by INIAP were provided to the Mission Director during
visit made by Pl in 2006 and again in 2010.

Networking and Linkages with Stakeholders

1 Networking was seen as critical in technology development and reaching out to the
intended teget of beneficiaries of the project. ISAR and the bean program
strengthened its collaboration with internal, regional and international partners in
order to carry out participatory research, demonstration and in the dissemination of
new innovations to farers and other end users. In the country, there was increased
support from government funding. Stronger linkages and collaboration were built
with more than thirty partners under the government extension services (Rwanda
Agriculture Development AuthorityR ADA), local and international NGOs such as
Rwanda Development OrganizatidRDO, DERN, CRS, AFRICARE, ADRA; seed
companies such Rwanda Seed Comp&WASECO, farmers cooperatives such as
One Acre Farm (TUBURA), COAMV, GFRWACO and many other cooperatives
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under umbrella federation URUGAGA IMBARAGA, spread across the country.

The project also forged closer collaboration with Kigali Institute of Science and
Technology (KIST). ISAR provided KIST with four additional newly released
varieties for post harvest dprocessing studies under CRSP MSU/ISU collaboration.

In the current October December quarter, ISAR is providing additional 10 new
varieties to assess the nutritional and culinary traits. This is intended to build synergy
between the KIST lead PULSES SR ISU and the current project in integrating
agronomic and market traits with the nutritional and quality attributes of new bean
varieties released and being developed by ISAR.

The program shared sets of elite bush and climbing bean lines including R¥R 2
BOA 57, RWK10, RWR 2340, RWR 2372, RWR 2091 and RWR3042 with the
national bean research program in Burundi (ISABUwo of these varieties:
RWR2091 and RWR2244 weselected by local farmers.

The project leaders in Rwanda (Louis Butare and Augudfiusoni) attended and
gained valuable contacts at the Pulses CRSP Global Meeting that was held in Quito,
Ecuador in April, 2010. In addition, Augustine Musoni attended the first AGRA
General Meeting that was held in Bamako, Mali in October, 2009.

Two seminars were organized in Bujumbura (April) and in Serena Hotel in Rwanda
(June) bringing together all actors in the research, training (University of Rwanda)
and seed chain (NGOs, seed companies, private) in Burundi and Rwanda, and in
Rwanda respectivelyMutual action plan for seed production and dissemination were
made and is currently being implemented by all the partners.

Five posters and more than 500 brochures, technical notes were made and were used
to disseminate information about varieties and integrated agronomic management
practices. A technical booklet was written in English and translated into the local
Kinyarwandalanguage for mass production and distribution to farmers. National,
regional and international press was used to disseminate information about new
varieties that were released in January, 2010. Radio, television broadcasts were also
used.

The program irdracts with the following NGOs in Ecuador; PRODECI, PRODER,
CRUZ ROJA, Agricultural Organizations; COPCAVIC, 10 CIALs, Grupo de
Evaluadores de Frijol de Bolivar, Assoc. de Productores de Frejol de INTAG.
Government Organizations; MAGAP, INIAP, Univ. Tecrdal Norte, and Univ.
Catolica de Ibarra.

The INIAP bean program hosted international PULSE CRSP meeting in Quito in
April 2010 where scientists from the US, LAC and Africa participated. The group
attended field day at El Bermejal in the Chota Valley padicipated in the release

of two new bean varieties, red mottled and black seeded types developed through the
CRSP project.

J. Kelly and G. Abawi participated in the PULSE CRSP meeting in Ecuador. Both
Kelly and Abawi returned to Ecuador in June 2@dWisit new CIALs and trials in

two new regions in the Salinas and Intag Valleys.

Leveraged Funds

T

In addition to the government, bean breeding research funds are principally leveraged
from AGRA, The Alliance for a Green Revolution in Africa. The BitidaMelinda
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Gates Foundation (B&MGF) through CIAT funds the Bean Biofortification Project.
Others are The Association for Strengthening Agriculture Research in East and
Central Africa (ASARECA) and The Pan African Bean Research Alliance (PABRA).
More prosgcts of funding research and dissemination are underway under AGRA,
ASARECA, B&MGF and COMESA under institutional and regional projects
arrangements.

f I'n Ecuador, the national government approyv
development of edlb grain legumes (bush and climbing bean, peas, broad beans and
l entils) to aid in the food security and s

research being conducted by INIAP for a four year period to increase and improve the
activities in ediltle grain legumes as part of the strategy of food security and safety.
The project started in 2008 but due to the global recession, funding has been
rescinded.

List of Publications
Kel l vy, J.D., G. V. Varner , and Bnto bdaw d.g . 2010
Plant Registrations 4:126.

Kel |l vy, J. D., G. V. Varner , and E. M. Wright .
bean. J. Plant Registrations 4: 1724.

Kwapata, K., R. Sabzikar, M. B. Sticklen, and J. D. Kelly. 2010. In vitro regeneiatd
morphogenesis studies in common be&tant Cell Tiss Organ Cult: J. Plant
Biotechnology. 100:97105.

Musoni, A., P. Kimani, R. D. Narla, R. Buruchara and J. K&ly10. Inheritance of
Fusarium wilts Fusarium oxysporunf. sp. phaseol) resistance in climbing beans.
African J. Agric. Res. 5(5):39904.

Heilig, J.A. 2010. Evaluation of dry bean genotypes for performance under organic
production systems; Evaluation of early nitrogen fixation in dry bean. M.S. thesis,
Michigan StatdJniversity, East Lansing MI. 139pp.

Musoni, A., L. Butare, D. M.nkubana, E. Gasigwa, F. Nsanzabera, M. Blair, and

R. Buruchara. 200€limbing beans for increased productivity: Participatory selection of
new varieties adapted in seamd regions in Rwaral In Proceedings of International
Conference on Program for African Seed Systems. Alliance for a Green Revolution in
Africa (AGRA). Bamaako, Mali. October, 2009.

Extension publications were published on new varieties in the US; in Spanish in Ecuador
andin Kinyarwanda in Rwanda.
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Professional Recognition, Awards and Accomplishments
Dr. Sieglinde Snapp was recognized as Fellow of the American Society of Agranomy
2010.

Target Outputs
1. The development and release of locally adapted, acceptabtbsaagde resistant bean

cultivars for the major production regions in Rwanda, Ecuador and Michigan.

2. Increased sustainable productivity and profitability of bean production due to
increased yield and reduced inputs.

3. Improved grower income and stability ofdme production will contribute to better
nutrition and health of farm families.

4. Increased awareness and knowledge of participatory breeding methods, root health
and soil health issues will further improve bean productivity, {@mmn land
management, envinmental risk, thus contributing to sustainability of bean
production and agricultural communities.

5. ldentification of germplasm sources that are of benefit in the improvement of selected
bean traits for the U.S. market.

6. Enhanced human resource developmgetder equity and improved infrastructure
capacity of participating institutions in Rwanda and Ecuador.
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Table 1. High yielding climbing and bush beans varieties released by ISAR bean program in January 2010.

Variety release| Research Maturity | Yield
name code Zone (masl) | (months) | (t/ha) Special characteristics
ISAR-CB-101 RWV 2070 | 1600-2010 | 3.0-4.0 4.5-5.0 | Resistant to Anthracnose and BCMV
ISAR-CB-102 | RWV 1129 | 1600- 1800 | 3.0-3.5 | 3.5 4.0 | Early, marketable seed type; BCM¥Root Rot resistant
Marketable large purple; early maturing climber with h
ISAR-CB-103 | Gasirida 1600-2200 | 3.0-3.2 |4.5-5.0 | yield and wide adaptation
Navy with canning quality and high urbanarket; Root
ISAR-CB-104 | CAB?2 1800- 2200 | 3.57 4.0 | 4.5-5.0 | Rot, Ascochyta & Anthracnose resistant
ISAR-CB-105 | MAC 49 1400- 1600 | 2.77 3.0 | 2.57 3.0 | Heat & drought tolerant; extra early; Rust & CBB resist;
ISAR-CB-106 | MAC 9 1400- 1600 | 2.7-3.0 | 3.0- 3.3 | Heat & drought tolerant; extra ear®l.S, RR resistant
ISAR-CB-107 | MAC 44 1400- 1600 | 2.8-3.0 | 3.0-3.5 | Heat & drought tolerant; extra early; BCMV, Rust resist
ISAR-SCB-101 | SER 30 1000- 1400 | 2.0-2.5 | 2.0- 2.2 | Drought tolerant
ISAR-SCB-102 | SER 16 800- 1400 | 2.0-2.5 | 2.0-2.5 | Drought resistant
ISAR-SCB-103 | RWR 2245| 1000- 1600 | 2.0- 2.5 1.5- 2.0 | Highly marketable rednottled grain type
ISAR-BB-101 | RWR 1180 | 10007 1400 | 2.0- 2.3 1.2- 1.5 | Highly marketable rednottled grain type
ISAR-BB-102 | RWR 2154 | 1400- 1700 | 2.5- 2.6 1.5- 2.0 | ALS tolerant; sugar grain type with export potential
ISAR-BB-103 | RWR 3042 | 1500- 1800 | 2.5-3.0 | 2.0-2.5 | Multiple tolerance to diseases; fkiiney for high market
ISAR-BB-104 | RWR 2076 | 1200- 2000 | 2.5- 2.7 1.5- 2.0 | Plastic adaptabilitynarketable redkidney
ISAR-SB-101 Pyramide | 1500-1700 | 1.5-1.6 |5.0-7.0 | Snap bean variety for export

CB = Climbing; SCB = Semiclimbing; BB = Bush; SB = Snap bean varieties
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Dry Grain Pulses CRSP
Report on the Achievement of "Semi-Annual Indicators of Progress”
(For the Period:September 1, 2009 -- September 30, 2010)

This form should be completed by the U.S. Lead Pl and submitted to the MO by October 1, 2010

Project Title: Combining Conventional, Molecular and Farmer Participatory Breeding Approaches to Improve Andean Beans

Abbreviated name of institutions

MSU Cornell Ecuador Rwanda
Target Achieved Target Achieved Target Achieved Target Achieved
[Eenchmarks by Objectives 10/1/10 Y | N* 10/1/10 | Y | N* 10/1/10 Y | N* | 10/1/10 Y | N*
(Tick mark the Yes or No column for identified benchmarks by institution)

Objective 1

Review breeding program

Andean bean nursery-Increase

Plant Andean nursery

Selection parental lines

Selection elite lines X X

Nursery evaluation X X X X
crossing X X X X X X
Marker assisted selection X X X X X X
Advanced yield trials X X X X X X%

On farm trials X X X X X X
Variety Release X X X X X X
Objective 2

Advanced Population development X X X X

Test Populations in Rwanda X X

Other population development X X X X X
Characterize CIAT resistance sources X X X X
Increase, characterize local germplasm X X X
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Characterize germplasm to root pathogens X X X X X X X X
Objective 3
Survey root pathogens in Rwanda X X X X
Characterize root rot isolates X X X X
Root Pathogen x germplasm interaction X X X X X
Collect foliar pathogens in Rwanda X X X X
Race characterization X X X X X X X X
Objective 4
Visit of Rwandan scientists to Ecuador X X X X
Workshop Participatory in Rwanda
Evaluation of elite lines in CIALs X X X X
Variety releases in Ecuador X X
Farmer vs. Breeder Selection X X
Sustainable practices, nutrient mgt X X
Name of the Pl reporting on
benchmarks by institution James D. Kelly George Abawi Eduardo Peralta Louis Butare
Name of the U.S. Lead Pl submitting this -
-4 A
Report to the MO {//:;2:4,//&(;): ,@,/é, James D. Kelly
10/1/2010
Signature Date

* Please provide an explanation for not achieving the benchmark indicators on a separate sheet.

MSU:Trip to Rwanda was delayed to later in 2010, so no pathogen collections were made prior to 9/10.

Cornell: The trip to Rwanda was delayed, but the survey of root pathogens and the work on race characterization will be include on the agenda of the up-
coming trip.

Ecuador: Due to changes in technical staff, work on markers assisted selection was not pursued. Less activity on root pathogens, new screening methods are
being tested

Rwanda: ISAR is acquiring equipment to conduct marker assisted selection, work is expected to be initiated in 2011,
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Dry Grain Pulses CRSP
Research, Training and Outreach Workplans
(April 1, 2008 — September 30, 2012)

PERFORMAMNCE INDICATORSITARGETS
for Foreign Assistance Framework and the Initiative to End Hunger in Africa (IEHA)

Combining Conventional, Molecular and Farmer
Participatory Breeding Approaches to Improve
Andean Bean: for Resistance to Biotic and Abioiic

Project Title: Streszes

Lead U.5. Pl and University: MSU

Host Country{s): Erw_adnr and Rwanda

| 2010 Target | 2010 Actual | |

Output Indicators uﬂm 1 2009-Sept 30, 21:}10!

|Degree Training: Mumber of individuals who have received degree fraining
MNumber of women 2 2
Number of men 1 1]
Short-term Training: Mumber of individuals who have received shori-term training
MNumber of women 2 [1]
Mumber of men 2 2

Technologies and Policies

Number of technologies and management practices

under research 19 17
Number of technologies and management practices

under field testing 10 11
Number of technologies and management practices

made available for transfer 11 B
Number of policy studies undertaken

Beneficianes

Mumber of rural households benefiting directly BOOO 10500
Number of agricultural firms/enterprises benefiting 20 12
Number of producer andfor community-based

organizations receiving technical assistance T8 a1
Number of women organizations receiving technical

assistance 13 21
Number of HC partner crganizationsfinstiutions benefitig 38 30
Developmental outcomes:

Number of additional hectares under improved

technologies or management practices 16000 18200

"Mumber ufEUh-Iicﬂ' ate sector Ertne-rshiE formed as a result of USAID assistance.”
BEwanda: More than 200 T of seed of improved vaneties has pone to farmers through ISAF. and main parmers (FADA

MWGDs, CBOs and Farmers)

Emuador: Over 250 T of seed of improved varieties has gone to farmers through INLAP

MSU & Comell: Established actively collsboration with USDA-ARS Mayagner to evaloate root rot germplasm st Geneva
HY
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Expanding Pulse Supply and Demand in Africa and Latin America:
Identifying Constraints and New Strategies

Principle Investigator
Richard H. Bernsten, Michigan State Universlt\S5A

Collaboratoring Scientist

Duncan Boughton, Michigan State UniversitigA

Cynthia Donovan, Michigan State University, USA

David Kiala, Universidade Agostinho Neto, Angola

Feliciano Mazuze, Instituto de Investigacdo Agraria Mogambique, Mozambique
Juan Carlos Rosas, Escuela Agricola Panamerganmerano, Honduras

Abstract of Research Achievements and Impacts

AngolaMS student Chavesd visits to Luandads ma
2011. Chavesd U. Vicosa advisor recommended
a thesis proposal. World Vision will provideige data for beans in the Planalto. A

national parastatal marketing chain has been identified as a buyer of local beans with
expansion potential. Two UAN students, who conducted surveys in 2 zones of Huambo
Province to better understand smallholder prtidnfmarketing systems, completed their
thesis-based on interviews with traders/farmers. The baseline document from the small

holder survey with World Vision ProRenda project was finalized and results were
presented to stakeholders & USAID. About 60% otiteholds produce bearsmost

none cultivate cowpeas. Beans are a major income source for farmers in the ProRenda
target zones. Donovan conducted a class on agricultural policies, focusing on price policy

for 35 UAN undergraduates/faculty.

MozambiqueTraders visited during the Windshield market information survey indicated
higher use of cell phones, less waiting time for transit & demand fdro@4 bank
machines. A preliminary bean/cowpea report was drafted, but will be revised to
incorporate maps bageon recent GIS training/price analysis. CRSP researchers were
unable to bring together the stakeholders Task Force, but this is a key objective for 2011.
The SABREN & PSU projects have been contacted about collaborating with MSU. The
MS st ud e n tiabadvisdis rdguested alelaying developing her research proposal
until she completes research methods/econometrics courses. The&0BBOZIA
(household) data are available. Combined with information from rapid appraisals & price
data collected through thearket information system (SIMA), the student will have
access to an excellent data set. SIMA data continue to be collected weekly for beans &
cowpeas.

HondurasThe project was refocused to produce third party certified fairtrade (FT) beans.
Whole Food Market prefers FT certification via IMO and agreed to buy 20 mt of beans
for delivery in late 2011Based on the results of ECOFRIJO trials (organic vs.
conventional beans), CIALs from Yojoa Lake implemented organic fertilizer production.
While the trialresults varied, organic practices are a good oftiginen increasing input
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costs & similar yields. Organic fertilizer was produced using compost and/or bokashi
techniques. Practices to control diseases/insects are being used by these farmers.
Previously,2 farmer groups expressed interest in organic bean production. Both groups
participated in training activities & the ECOFRIJOL trial, but during the current year we
continued to interact only with the Yojoa Lake ClAIZata were collected to estimate

the sipply-chain related costs for marketing beans. We determined that the farmer
association is able to process the beans and a broker has agreed to provideleigdbrt
services.

Capacity Buildingncluded MS training in South Africa and MS training ireBit. Short
term training was conducted in and in Mozambique.

Project Problem Statement and Justification

Markets are critical to farmer adoption of new technologies and management practices, as
they offer farmers an opportunity to specialize and takearstdge of comparative
advantage opportunities to capture gains from trade. Mariatted pulse production
depends on many factors in addition to technology, including the level of pulse prices and
price risk, quantity premia/discounts, and the costriofiging products to market. These
factors are influenced by the level of market infrastructure and public and private
institutions, including enforceable contracts (to reduce risk), formal grading systems, the
availability of price information, the abilitpf farmers to reduce transaction costs via
membership in an association, and the physical proximity of markets. Pulse markets in
Angola, Mozambique, and Honduras present a continuum in terms of the level of market
infrastructure. Angola is characterized daving minimal price information, low
yields/production, unpredictable market channels, and poor quality although improving
infrastructure. Mozambique is characterized by a relatively effective market information
system, low yields/production, and sonaenfier organizations, but minimal production

for markets (market participation) due to a lack of information on quantity/demand. In
contrast, Honduras is characterized by an effective market information system, strong
farmer organizations, widespread adoptof improved bean varieties, marketented
production, and a potential to produce for specialty/niche markets. The proposed action
research will help to better understand how different levels of market development affect
incentives for technology adoph--a ladder of learning. A key priority of the research is

to expand market opportunities and accelerate the transformation frorsidesistence

to commercial farming.

Minimal research has been conducted to identify constraints and opportunities to
expanding market participation in the three countries, which is the focus of this project.

Angola Improving smallholder productivity and marketed surplus is a key element of the
Government of Angol ads ( GOA) poverty reduct
production is key to the strategyb6s success
legumecrops (370,000 ha), are grown throughout the country, and have been identified

by the government as high potential crops. Currently, imports are required to meet
demand, as demand exceeds domestic production. Smallholders are in the process of
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shifting from subsistence to more maraiented production and the GOA is making
investments in developing markets. This project contributes to these efforts.

Mozambique Beans/cowpeas, the most important legume crops after peanuts, have
considerable productionpoe nt i al . The Ministry of Agricult
strategy recognizes the importance of strengthening value chains for +edrket
development. Bean/cowpea production flow into different marketsheds, each with

different consumer preferences, altbbuconsumer preferences of the different markets

are not well documented. To date, little work had been done to improve the market
performance and the sustainability of dry pulse value chains, which are the foci of this
proposal.

HondurasCommon beanghe second most important food crop (95,000 ha) after maize,

are an important source of cash income for smallholders. However, typically most
smallholders sell their surpluses to traders at the farmgate and receive low prices. With

the recent ratificationf CAFTA, bean imports are expected to increase, thereby reducing

bean prices and farmersd incomes. Smal | hol de
their crop. This project focuses on developing a new market opportunity for
smallholdersproducing andexporting organic fair trade beans (small reds) to the US

market.

Planned Project Activities for April 1, 2009 - September 30, 200

Objective 1: Angola - This project component has 3sobjectives: suibbjective 1.1:
summarize secondary data on bean/cowpea production and marketing, including the
identification of gaps to guide future research;-ebfective 1.2: identify production
areas, marketing charlege and marketing margins; and sobjective 1.3: Identify
constraints, opportunities, and potential pilot interventions to improve competitiveness

Approaches and Methods:

Objective 1.1 Summarize secondary data on bean/cowpea production and marketing,
including the identification of gaps to guide future research. Visit key informants to
identify information and data sources.

Objective 1.2 Identify production areas, marketing channels, and marketing
margins/value chain diagnosis and capacity buildimgrview key subsector participants

(e.g., agricultural scientists, traders, processors, importers/exporters, NGOs) to develop a
value chain diagnosis, plus information needed to improve performance and identify
constraints to subsector growth.

Objective 1.3 Identify constraints, opportunities, and potential pilot interventions to
improve competitiveness/Conduct smallholder survey.

Undertake a smallholder survey under the World Vision Smallholder Horticultural Value
Chain Development project. The sawincluded information on farmer characteristics
and practices, including marketing strategies, trade, and tradgbereby documenting
linkages between farmers and markets.
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Results, Achievements and Outputs of Research

Objective 1.1 Summarize secomdy data on bean/cowpea production and marketing,

including the identification of gaps to guide future research. Market visits in Luanda for

t he major consumption market are pending C
Vision will provide price data focommon beans in the Planalto, but there is no price

dataset for cowpeas in the country. The national parastatal marketing chain Nosso
Supermercado has been identified as a buyer of local beans with expansion potential.

Objective 1.2: Identify production areas, marketing channels, and marketing
margins/value chain diagnosis and capacity buildBased on interviews with farmers

and traders in two key markets areas of the Planalto, the two undergraduate students from

UAN have successfully completed thdiré s e s . Robertinho Txocaine
Al denti fica-«o de circuito de comercializa
mar keting channels for Londui mbale) and Adol
de comerci al i za- « oatioa of Biarketing ohdrnmels fof Bailumdo)l i f i
Txocaineds research identified constraints i
Londuimbale, resulting in low profitability of beans for farmers. Catuti found that

farmers could profit by transporginand selling their beans directly in the Huambo

market, but market uncertainty and transport scarcity constrains farmer access to the
Huambo market. Instead, the majority sell to traveling traders in the closest market. The
students are currently worlgron draft articles from their thesis work.

The MS thesis proposal of Chaves has yet to be developed for his program at the
University of Vicosa. His advisors recommended greater time be allowed for studies

before developing the thesis. While not idealwe r espect his professc
Brazil.

Objective 1.3:ldentify constraints, opportunities, and potential pilot interventions to
improve competitiveness/Conduct smallholder survey. The baseline document from the
small holder survey with Worl¥fision ProRenda project was finalized in early 2010 and

the data are available for student research. The results were presented to various
stakeholders, primarily World Vision staff members and UAN faculty member Kiala.
Donovan talked about the diagnastion farmer marketing, identifying potential
problems, which were then discussed by participants, related to World Vision extension
activities with farmers. The sales strategies used suggest dependence on itinerant farmers
in the region as well as on Idaaarkets, with basically no information systems in place,

a gap that World Vision is seeking to fill through extension agents.

About 60 percent of the households in the zones under study produce common beans, but
almost no households cultivate cowpeas;ording to the survey. Common beans are a
major income source for farmers in the ProRenda target zones. Women farmers tend to
get higher prices for the beans that they sell, resulting in higher total revenues, even
though they produced an average ofyofll2 kilograms, selling 75% of production
compared to 314 kilograms produced among males, and 86% is sold. The basic results of
the survey were also discussed with USAID colleagues when Donovan was in Luanda
with Kiala.
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Two students at UAN conducted litad household surveys in two zones of Huambo
Province, to understand smallholder production and marketing systems in depth, while
gaining greater experience in field survey data collection. Their research results are
briefly discussed above. The CRSP feddheir field research through funds to UAN.

As an additional training activity during July 2010 travel to Angola, Donovan conducted
a class on agricultural policies, focusing on price policy for 35 undergraduates and
faculty at UAN in Chianga.

Objective 2: Mozambique- This project component has 3 sobjectives: Sulbbjective

2.1: Analyze spatial and temporal patterns of bean/cowpea production and marketing,
using national survey data (TIA), disaggregated by gender;oBjotive 2.2: Map
marketshedsor bean/cowpea production areas, document market preferences and work
with breeders to test varieties with desirable market characteristics to improve
competitiveness and spur adoption of improved bean/cowpea varieties; aolj&etlve

2.3: Capacity buding with MS student undertaking econometric analysis of the
determinants of market participation by producing households, including sex of
household head as an explanatory variable.

Approaches and Methods:

Objective 2.1 Analyze spatial and temporal patterns of bean/cowpea production and
marketing, using national survey data (TIA), disaggregated by gender. Spatial and
temporal analysis of existing national agricultural survey databases will be carried out
and the produain and marketing data will be presented tables and in the form of maps
using GIS. The tables for the descriptive analysis will be specified jointly by PI from
MSU and IIAM/CESE with the participation of the staff from SIMA. The PI/IIAM will

be responsiblen carrying out the statistical analysis. The GIS mapping will be led by the
Pl from MSU with on the job training of CESE staff. Report wufewill be led by the

Pl from MSU with participation of Pl from IIAM. Production of the policy brief will be
unde the responsibility of the PI from 1AM

Institutional capacity building will take the form of gob training of two staff from
CESE and two from SIMA to gain skill in using statistical package STATA for
descriptive analysis of survey data and in the @iSGIS to present results in maps. The
ortjob training will be provided by MSU staff.

Objective 2.2 Map marketsheds for bean/cowpea production areas, document market
preferences and work with breeders to test varieties with desirable market chsiesteri

to improve competitiveness and spur adoption of improved bean/cowpea vafibises
objective will be met using the previously described multidisciplinary action research
approach with the task foreecluding focus group discussions with smallleskl and

field observations in the main agecologies, as well as a rapid appraisal of markets
during the major marketing season. Focus group discussions will also solicit detailed
information about bean/cowpea production and access to input and outgatsn@he

rapid appraisal will focus on marketing channels and margins. Through focus group
discussions with producers and traders, relevant constraints and opportunities will be
identified; and potential pilot interventions will be identified and pripeidi to improve
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competitiveness of beans and cowpeas in the principal productiorecagomies.
Existing marketing channels and marketing margins will be documented.

The focus group discussion will be facilitated by staff from [IAM/CESE with
backstoppindrom Pl from MSU. The rapid appraisal of markets will be led by staff from
SIMA with backstopping by the Pl from MSU.

Institutional capacity building will take the form of-gervice training on focus group
discussion methods and rapid appraisal and bahefit staff from CESE, SIMA and
IIAM Zonal Research Centers.

Objective 2.3 Capacity building with MS student undertaking econometric analysis of
the determinants of market participation by producing households, including sex of
household head as arpéanatory variableDuring the first 18 months of the project, it

was initially proposed that: a) a participant trainee (IIAM/CESE staff member) would be
enrolled at MSU to pursue MS degree program in Agricultural Economics at MSU.
During his/her degreerpgram s/he would acquire skills to undertake sophisticated
econometric analysis using appropriate and relevant statistical packages; and b) the
participant trainee would organize existing household survey data and, if needed, conduct
fieldwork to gather dditional data to perform the econometric analysis (MS thesis).

Results, Achievements and Outputs of Research
Objective 2.1:Analyze spatial and temporal patterns of bean/cowpea production and
marketing, using national survey data (TIA), disaggregbyegender.

Key market traders were visited again during the Windshield survey of the market
information system in 2010, but no special bean/cowpea section was added to the survey
this time. The Windshield survey indicated higher use of cell phoned traddrs, less
waiting time for transit, and continued demand forh®dir bank machines, compared to

the 2008 survey.

Use of the Ministry of Agriculture TIA data has enabled researchers to have a secondary
database across the years of survey whichpsesentative down to the Provincial level.

A preliminary bean/cowpea report has been drafted, but will be revised by SABREN
collaborator Alda Tomo, incorporating maps based on a recent GIS training and price
analysis. The SIMA price data analysis isliied in the report, as the data are already
compiled for the various markets. Both TIA and SIMA datasets are public access
datasets and are available to bean and cowpea researchers upon request.

Objective 2.2:Map marketsheds for bean/cowpea productweas, document market
preferences and work with breeders to test varieties with desirable market characteristics
to improve competitiveness and spur adoption of improved bean/cowpea varieties

As has been noted before, stakeholders in Mozambique am Ilikely to organize
around concrete substance, such as varietal release, market information, and policy
decisionmaking. In 2009/2010, the Pulse CRSP researchers were not able to bring the
stakeholders together. This objective, including the Task Fonglementation, remains
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a key one for all the parties involved, and with the increasing emphasis on value chains,
in part due to Pulse CRSP Value Chain training in 2009, the Bean/Cowpea Task Force
will be convened in early 2011. The SABREN and Penn $talge projects have both
been contacted about collaborating to move this forward, with the MSU project.

Objective 2.3:Capacity building with MS student undertaking econometric analysis of
the determinants of market participation by producing househoidkiding sex of
household head as an explanatory variable

The MS student was delayed in her studies at the University of Pretoria, and is only now
developing the analytical skills necessary to conduct the econometric analysis. As is the
case of Chavesn Brazil, her advisors have requested that the development of the
research proposal await her completion of the research methods and econometrics
courses in early 2011. Donovan met with one of her research advisors in September 2010
and confirmed thathey will be incorporating Mozambican bean/cowpeas research into
her plan. The 2002008 TIA (household) data are available and combined with
information from rapid appraisals and the price data collected through the market
information system, SIMA, sheillvhas an excellent set of data for her research. The
SIMA data continue to be collected on a weekly basis in several relevant markets for
common beans and cowpeas, and so the dataset evolves.

Objective 3 HondurasThis project component has 4 sobjectives for this period. The
subobjectives in the current workplan are to: 3.1) put in place arrangements for
exporting smalred beans from Honduras to US retailers, which are certified as organic
and produced usingustainable production practices: 3.2) validate via field trails existing
agronomic recommendations for growing organic sweadlbeans; 3.3) recruit interested
smallholders and train the farmers to produce organic sethlbeans that meet the
grades and tandards required by US retailers; 3.4) establish local market linkages
required for smalkcale smailled bean farmers to export organic/sustaingbbduced
beans to US markets.

Available evidence indicates that there is a demand for fair trade, oggaaicbeans in

t he US. A recent study (DeVill a, Lar a. 2008
Trade Beans of Central American Origin in tt
Department of Agricultural Economics, Michigan State Universityst Bansing, MI)

found that there was considerable interest among US retailers (who market
organic/ethical food product) in purchasing/selling fair trade organic sethlbeans.

Regarding the capacity of Honduran bdéarmers to supply the demand of thianket, at

meetings in 2008 and 2009, leaders and fammembers of the cooperative ARSAGRO

expressed strong interest in growing sknetl beans for export to the US, which met

USDA organic and Rainforest Alliance standards for sustainably produced/fder tra

beans. Currently, approximately 500 members of this cooperative plants over 1,000
hectares of beans in the Primera season. Supplying the initially projected export quantity

of 20 mt of smakred beans would require the participation of only320farmes.
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Approaches and Methods: Objective 3.1:Put in place arrangements for exporting
beans from Honduras to US retaile€®ntact US retailers to confirm their interest in
purchasing beans from Hondura®ssibly visiting selected forms to negotiate purchase
agreements

Objective 3.2:Validate via field trails organic bean production methods

Researchers at EAP will test methods that meet international standards for organic
production via orffarm trials in collaboration with farmers. Organic fertilizers and
amendments to enhance soil fertility and IPM practices will be included.

Objective 3.3:Recruit interested smallholders and train the farmers to produce organic
beans. EAP researchers will recruiind train farmer groups (CIALS) and collaborating
NGO interested in growing organic beans on organic bean production methods.

Objective 3.4:Establish local market linkages required for srsalille bean farmers to
export organic/sustainablyroduced bean® US marketsResearchers at EAP and MSU
will contact market chain participants to finalize their roles in the project.

Results, Achievements and Outputs of ResearchObjective 3.1 Put in place
arrangements for exporting smadld beans from Hondurae tJS retailers, which are
certified as organic and produced using sustainable production practices.

Due to the costs and difficulties in obtaining organic certification and insure that the
farmers comply with organic standards, the project was refocaggaduced third party
certified fair trade beans.

Initially, the project planned to obtain fair trade certification through the FairTrade

Labeling Organization (FLO), based in Germany. Several attempts were made to clarify

several points, including istandards existed for beans and if FLO has established a
fairtrade price for beans from Central Amer
Central America promised several time to visit the farmer association in Honduras, he

was unable to meet with tii@mers.

During discussions with the bulk commodity buyer at Whole Foods Market (our target
US retail market), we learned that Whole Food Markets preferred that we seek fairtrade
certification through the IMO, rather than FLO. Subsequently we contabtéd tb

obtain information on their certification process. IMO provided clear information on how
to obtain certification and provided an invoice detailing the costs of certification. Thus,
we will now obtain fair trade certification through IMO.

The bulk commodity buyer at Whol e Food Mar |
agreed to purchase 20 mt of fairtrade beans from the farmer association at the price that

the farmers requested. The agreed to date of delivery is August 2011. Whole Food

Market agreed to provide the farmers a formal purchase agreement by December
2010/January 2011. Typically, farmers plant their postrera bean crop in September and

harvest it in December/January. However, due to extremely heavy rains, by the end of
Septembefarmers had not yet begun to plant theastreracrop. The heavy rains are
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expected to continue into October. Thus, farmers may not plaostaerabean crop
because if they plant late in the season, it is likely thaptisérerarains will end before
the crop maturés resulting in significant yield losses. Consequently, we are now
planning to produce the beans for export to Whole Food Markets donimgra 2011
(May-August).

Objective 3.2validate via field trails existing agronomiecommendations for growing
organic smalred beans.

Based on the results of ECO Frijol field trials comparing organic vs. conventional bean
production conducted in 200D, several Local Farmer Research Committee (CIAL, in
Spanish) from the Yojoa Lakeate implemented organic fertilizer production in their
communities. The results of these trials varied depending on the level of fertilizers and
pesticides used as conventional practices by farmers. In those sites were farmers use very
low inputs, the orgaic practices gave better yield resulting on increase of bean
productivity. In those sites were farmers use some inputs (chemical fertilizers and
pesticides) yield was rather similar or less than conventional practices; however, organic
practices are cortéred as a good alternative because of the increasing costs of fertilizers
and pesticides and the similar productivity observed in organic plots. Farmers aware of
the effect of the use of chemical products on the environment, and express a serious
concernabout it, and are in favor of the organic alternatives.

Most organic fertilizer are produced in the farm using the compost and/or bokashi
techniques and including crop residues, chicken or cow manure, household garbage and
other organic waste materiala their preparation. Organic fertilizers are manually
applied in bands and incorporated before planting the seeds. Similar approaches are being
used by CIAL in other regions where Zamorano conduct other collaborative bean
research activities under the D@&RSP and other projects. Additional practices to
control diseases and insects that affect the bean crop are also being used by these farmers.
Some of these natural pesticides include the use of solutions prepared with extracts of hot
pepper, onions, gadj and the use of leaves or seeds extracts from neem, madreado
(Gliricidia sepiun), basil, mint, nettle, marigold and many other plants available and
household materials such soap or detergent, ash and lime. The use of insect trap plants
such as sunflowe eggplant and others, to facilitate the control of the bean pests that are
attracted to these plants is also recommended.

Several farmers from CIAL and NGO technical personnel that assist them were trained
under the project in practices for organic prctibn of beans in previous years. This
training has been offered in collaboration with the Organic Agriculture Unit from
Zamorano. The project has facilitated the construction of modest shaded spaces for
preparation of organic fertilizer and natural pades.

Objective 3.3 recruit interested smallholders and train the farmers to produce organic
smaltred beans that meet the grades and standards required by US retailers.

111



Dry Grain Pulses CRSP Technical Reports
FY2010

In previous years, two farmer groups were identified as potential candidatgst to
involved in the production and export of bean produced under project assistance.
Meetings were held with the leaders and farmer members of ARSAGROOf the
largest bean farmer association in Honduras, based in Danli, El Paraiso. The Pls outlined
thegoals of the project, including the requirements that the beans be grown in accordance
with organic and sustainable production practices. The association members noted that
Danli was a good place to grow beans and expressed interest in participatimg in th
project. In addition to the area being a good bgranving environment, the association
recently built a new processing/bagging facility. The association is a major player in
domestic bean marketing (previously making large sales to Horti Fruti/Walmart
Honduras) and has previous made export sales to traders. We have also met with CIALs
(farmer groups involved in participatory plant breeding activities) which have expressed
a good level of interest in getting involved in organic bean production.

Two contasting issues depending of the type of farmer group and its members were
encountered last year with the farmer groups. Small and poor farmers from the hillsides
of the Yojoa Lake and Yorito, with very small plots to cultivate or landless farmers that
haveto rent land season by season, are interested in using organic practices to improve
bean productivity with some practices being implemented by some farmers. In contrast,
farmers from the large organization ARSAGRO with better land and access to fertilizer
and pesticides, were less interested in getting involved in organic farming of beans unless
the process is facilitated by the project, which would require a larger investment of funds.
Both groups have participated in training activities offered by thgegr and in
conducting the organic bean ECOFRIJOL trial. During the current year, we have
continued to interact only with the CIALs from the Yojoa Lake.

Objective 3.41dentification of Private Sector Agents

Data were collected to estimate the supghigin related costs associated with marketing

the beans under several alternative arrangements (e.g., contracting various parties to
clean the beans, transporting a container to the village and then to Puerto Cortez,
fumigate the beans, clear the beansugh Honduran and US customs, and ship the bean

to a US portWe determined that the farmer association is able to process (clean, polish)
the beans themselves and have contacted a broker who has agreed to provide export
related services (e.g., transpogtia container to the village, transporting the packed
container to Puerto Cortez, fumigating the shipment, completing US customs paperwork,
making sea transport arrangements with a export/shipping company) and ship the beans
directly to Whole Food MarketsThus, lased on analysis of these alternatives, it was
decided to contract IMO to certify the beans as fairtrade, have the farmers clean/polish
the beans themselves, contract a Honduran broker to provide local services (i.e., transport
a container to theiNlage and then to Puerto Cortez, clear the shipment through customs).
The project will obtain permission from the Honduran government to export the beans
and make arrangements with a broker for shipping the beans to a US port for delivery to
Whole Food M&ets.
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Objective 4: Capacity Building
Angola Shortterm inservice training was conducted on data analysis using the
household survey dat&hianga, Huambo, Angola, November 2009.

Mozambique Follow up training on statistical analysis was conduadtedVaputo,
Mozambique, October 2009, and training of Simple GIS tools with survey data was
conducted in Maputo, Mozambique, November 2009.

Degree Training

Trainee #1
First and Other Given Names: Ana Lidia

Last Name: Gungulo

Citizenship: Mozambican

Gender: Female

Degree: M.S.

Discipline: Agricultural Economics

Host Country Institution to Benefit from Training: IAM
Training Location: University of Pretoria, South Africa
Supervising CRSP PI: Dovan, Cynthia

Start Date: 2/09

Project Completion Date: Dec 2011

Training Status: Active

Type of CRSP Support (full, partial or indirect): Full (Category 1)

Trainee #2
First and Other Given Names: Estevao

Last NameChaves

Citizenship: Angolan

Gender: Male

Degree: M.S.

Discipline: Agricultural Economics

Host Country Institution to Benefit from Training: UAN
Training Location: University Federal Vicosa, Brazil
Supervising CRSP PDonovan, Cynthia

Start Date: 2009

Project Completion Date: June 2011

Training Status: Active

Type of CRSP Support (full, partial or indirect): Full (Category 1)
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Short Term Training
Training #1
Type of Training: Basic survey analysising STATA

Description of training activity: The training will refresh participants' skills in t
the national household surveys for data analysis.
Status of this activity as of September 2010? Completed

When did the Short Term Trainirggcur?
Location of Short Term Training: Maputo, Mozambique

Who benefited from this Short Term Training Activity?: Analysts of the Nat
Agricultural Research Institute (IIAM) and the Directorate of Economics ¢
Ministry of Agriculture

Number of Beneficiaries: 10

Training #2
Type of Training: Basic GIS tools with survey data

Description of training activity: The training will introduce participants to
mapping skills in using the national household surveys

Status of Short Term Training Activity as of September 2010? Completed
Location: Maputo, Mozambique

When did the Short Term Training Activity occur?: April 2010

Who benefitted from this Short Term Training activity?: Analysts of the Nai
Agricultural Research Institute (IIAM) and the Directorate of Economics o
Ministry of Agriculture

Number of Beneficiaries: 7

Training #3
Type of Training: Statistical analysis

Description of Training Activity: The training will refresh participangkKills in
analyzing recent household surveys.
Status of Short Term Training Activity as of September 2010?

Location of Short Term Training: Huambo, Angola
When did this Training Activity occur?:

Who benefitted from this activity?: Students dacdulty members of the Agricultu
Sciences Faculty at the University of Agostinho Neto

Number of Beneficiaries: 8
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Training #4

Type of Training Activity: Short practical learning by doing training.
Description of training activity: Training on cdnsction of solar facilities for seed
drying using local materials.

Status of this activity as of Sept 30, 2010: completed

When did the activity occur?24-25 April, 2010

Location: Rural Development Program, Zacapa, Santa Béarbara, Honduras
Duration: 24 days

Who benefited from this activity?: Farmers and technicians collaborating in the
production of organic beans.

Number of Beneficiaries: 8

Males: 7 Females: 1

Training #5

Type of Training Activity: Short course offered by ECOP®cology aad Population,
A.C., México).

Description of training activity: Workshop on Sustainable agriculture on small scale: Bio
intensive cropping.

Status of this activity as of Sept 30, 2010: completed

When did the activity ccur?: 13-15 Septembe010

Location: Zamorano, Honduras

Duration: 3 days

Who will benefit from this activity?: Farmers and taians collaborating in the
production of organic beans

Number of Beneficiaries: 3

Males: 3 Females: 0

Explanation for Changes

Angola: UAN emphasized the need to have the MS student begin his studies in Brazil

and researchers worked hard to ensure those studies. The transaction costs were high,
however, and took time away from the research for Donovan, Kiala and Bernsten. There

have been continued problems ensuring the funding for the studies, due to coordination
problems in South Africa. Combined with thi
delayed and he has not been available to assist with field work-t8huartraining ér

UAN students has been delayed.

Note that Donovan and Kiala worked to coordinate travel with the UCR and UPR teams
in June. Unfortunately those teams canceled their trips due to visa problems, but
Donovan was able to travel and worked with Kiala amd students as well as giving a
seminar and discussing the research with USAID staff in Luanda and meeting with DSA
staff and FAO on market analysis and information system development. The potential
INCER investment in market information systems has deteloped. The research
component of this project has had delays, since Kiala had substantial administrative
burdens, Chaves remains in Brazil for graduate studies, and time allocation for travel for
Donovan is limited. Her presence in the region doestotve costs of her travel to
Angola.
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Mozambique:Getting the MS student in Pretoria and ensuring the availability of funds

for the program needed a strong continued effort on the part of the researchers and the
Pulse CRSP administration. For CESE,ttMS training is high priority and well
appreciated. The research component of her
presence fulltime in Mozambique as a resident advisor with the MSU project at IIAM has
beneficial, enabling the development of the drafbrking paper, which will be

augmented by CESE researcher Alda Tomo, recently designated as a key bean/cowpea
researcher in CESE, given the continued need for Gungulo to focus on her studies. The
Value Chain training continues to have an impact, evengtihtie research component

has been delayed.

HondurasDue to the heavy rains in Postrera 2010, the project has revised its target date
for producing fairtrade beans for the US retailer (Whole Food Markets) until Primera
(Mayd August) 2018 for delivery to Whole Food Markets in September 2011. Due to
difficulties in getting organic certification, the project will only obtain third party
fairtrade certification through IM® which is acceptable to Whole Food Markets.

Networking and Linkages with Stakeholders

Angola MSU and UAN have continued to collaboratgh World Vision on their Gates
Foundation Project on Horticultural Value Chains. The smallholder baseline survey and
the data from that survey are some of the only farm level data available in Angola.
Unfortunately, cowpeas were found among very fewn&s in the zone, limiting the
focus to common beans.

Donovan and Kiala have met with the Food Security Department (DSA) of the Ministry
of Agriculture in Angola who are developing a market information system. The system
is not functional and DSA hasquested UAN and Pulse CRSP assistance in developing a
training program for market information. Donovan will work with them in forthcoming
trips to Angola. The working relationship between IIA (Angolan Research Institute) and
UAN is strong and both are lekin Huambo, facilitating the linkages. There are two
other Pulse CRSP activities in Angola, both based with IIA. Continued discussions with
the breeding program with University of Puerto Rico will be particularly important as
work on the value chain preeds.

Among the private sector agents, only Nosso Super (supermarket chain) has been
contacted and further work with other stakeholders is needed, including Shoprite
(supermarket chain), Jumbo, Angolan Chamber of Commerce, and UNAC (farmers
association).

Mozambigue As noted earlier, this is the area of greatest weakness in the project and will
be a focus, as collaboration between SABREN and Pulse CRSP Pennsylvania State
University projects develops. The Joint meeting with 1AM breeders and other
stakelolders is scheduled for early 2011. Collaboration with the Pulse CRSP
Pennsylvania State University project will enable MSU project to complement the Penn
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