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I. Overview  

 
Common bean (Phaseolus vulgaris L.) is among the most important crops in Latin 
America and Southern Africa. In these regions, common bean has nutritional, ecological 
and economic values. Therefore, increased bean production has a direct impact on a) 
population’s nutritional status, b) soil nutrient management, and c) welfare of rural farm 
households. Phosphorus-efficient common bean and soybean are extremely useful in the 
low fertility soils of Mozambique, since they can perform better compared to ordinary 
varieties. 
 
To bring the technologies developed during the previous phase to farm households and 
their communities, the current phase of the project is focus on the following activities: 1) 
continued research in plant breeding and plant physiology (root traits) leading to further 
development and identification of new P-efficient common bean and soybean materials 
preferred by farm and local nonfarm households; 2) development of seed systems to 
ensure the availability of seeds of P-efficient materials in major bean production regions 
of Mozambique; 3) continued socio-economic assessment of farm household preferences 
as well as  adoption/diffusion of the new technologies; and 4) degree and non-degree 
training for capacity building of IIAM researchers and technicians. 
 
The project has put a significant effort in testing technologies developed during the 
previous phase to farm households and their communities, through a) seed increase of P-
efficient materials, and b) seed promotion of production technologies (such as 
intercropping), involving local seed companies and other IIAM projects.  
 
The ultimate goal of the project’s efforts is to empower farmers and their households to 
be self-sufficient in seeds of P-efficient cultivars, with P-efficient seeds being readily 
available within communities through the existence of seed production and seed 
distribution channels available locally. The long run goal is to enable rural households to 
have the means to participate in local markets - i.e., earn enough income to purchase 
seed. For households unable to participate in markets, the goal is to provide P-efficient 
seeds through NGOs or through alternative distribution systems that empower the poorest 
farm households to take those steps needed to benefit from bean production. 
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II. Narrative  
 

Project objectives 
 
The overall goal of the project is to improve food security and agro-ecosystems 
sustainability among bean-producing farmers in Mozambique through increased 
production and productivity of common bean and soybean in low-P soils.  
 
The specific objectives are: 

a. Research: conduct applied research in a) plant breeding, b) root physiology, c) 
agro-ecology and d) socio-economics to identify, select and develop P-efficient 
bean materials of various market classes according to farm household preferences; 
develop agro-ecologically sustainable farming systems; conduct socio-economic 
research to assess new seed acceptability by local farm households and 
consumers; develop approaches to seed dissemination that have the potential to 
rapidly and effectively result in widespread adoption and diffusion of new seed 
within local communities; and build bean and soybean supply chain access across 
rural communities. 

 
b. Seed system and technology transfer: Seeds of identified and well-adapted P-

efficient bean genotypes will be multiplied, promoted and made available to farm 
households across the spectrum of income classes within rural communities. 

 
c. Training: Degree training at Penn State with a possible matching commitment 

from university funds in order to train two students from IIAM. In addition, short-
term training of IIAM staff/technicians in Honduras, possible English training 
prior to Penn State degree training, as well as field days and training sessions 
involving the broad spectrum of rural households that could benefit from bean and 
soybean production will occur. 

 
Personnel receiving training on seed production and dissemination and participatory 
plant breeding approaches will be involved in related activities to be conducted in 
Mozambique. 
 
A. Activities  

 
A.1. research on plant breeding, plant physiology/nutrition and agro-ecology, with 
direct impact on communities. 
During the current project, we continue to explore the potential utility root traits 
associated to P-uptake efficiency. These traits include basal root whorl number, basal root 
growth angle, and presence of long root hairs for phosphorus acquisition in low-P soils. 
These root traits have great potential value for resource-poor farmers, but their impacts 
on productivity and sustainability of bean production systems need to be assessed. 
Currently, we have identified a number of root traits present in P-efficient genotypes 
responsible for the P-acquisition efficiency in those genotypes. ‘Better performance’ is 
assessed as increased total shoot dry weight, low root:shoot: allometric coefficient, 
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increased P-uptake, etc. However, we need to better understand how these advantages 
translate into total grain yield on farmers’ fields, which is critically important for impact 
on households and communities. Therefore, experiments conducted to understand the 
functional value of specific root traits conferring P-efficiency (see Appendix A-Research 
Reports, physiology sub-component).  
 
A.2. Research on the adaptability and acceptability of small seeded Mesoamerican P-
efficient bean materials in Mozambique. 
In the current phase of the project, in addition to traditional large-seeded Andean types, 
we continued the testing of new P-efficient and drought tolerant materials from Central 
America (e.g., small-seeded red and black beans), through establishment of on-station 
and on-farm evaluation plots to assess a) adaptability to agro-ecological conditions, and 
production systems in the region, and b) degree of acceptability among farm households 
and local consumers.  
As we noted in the previous reporting period, Mozambican farmers traditionally prefer 
large-seeded beans from the Andean gene pool rather than small-seeded beans from the 
Mesoamerican gene pool. In this activity we introduced small-seeded Mesoamerican 
seeds from Honduras that in general have significantly higher grain yield under 
phosphorus stress compared to most Andean beans. The socio- economic benchmark 
survey conducted in phase 1 identified these beans of potential interest to some local 
farmers, if markets are assured. The small-seeded black beans have recently gained 
popularity and acceptability in urban markets in the region. 
 
A.3. Conduct socio-economic research 
 
Baseline (ex-ante) socio-economic surveys from the previous phase provided data to 
compare to phase 2 surveys (ex- post surveys) conducted after introduction of low-P 
bean; comparisons helped us to quantify impact. During the reporting period, bean seed 
selected by local villagers through PVS were provided to farmers across the villages. 
Then we performed the following activities: 1) assessed the extent of adoption and 
constraints to adoption by farm households receiving seed, 2) documented impacts of 
new low-P beans on households, differentiating among men, women and children (with 
particular reference to infants and young children), 3) tested alternative approaches to 
bean seed dissemination, and 4) explored approaches for building bean supply chain 
access. 
The baseline survey provided detailed household-level data on bean preferences, 
production of beans, bean consumption, and income from bean sales. In addition, we 
resurveyed the same individuals within households, after new low-P beans are introduced 
to them. The comparison of ex-ante and ex-post data allowed us to determine changes in 
bean production levels, bean income and importantly, bean consumption within 
households and who benefits. Some of new lines are expected to be preferred for market, 
and others for home consumption; understanding this balance is critical to understanding 
the over all impact on nutritional status. The issue of how the beans are used (sold for 
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market income or fed to infants, children or other family members, including sick family 
members) is of significant interest, but we did not make  a significant progress on this 
regard. However, we collected detailed data on who within households makes decisions 
regarding new farm technologies, what to feed children, and other similar decisions, 
which provide background for understanding the outcomes that we will observe as the 
new seeds are introduced. 
In addition, the baseline survey included collection of social and economic network data 
at the village level, providing the foundation for designing a successful seed 
dissemination strategy. Access to seed systems in Mozambique is extremely limited, with 
broad segments of the population unable to access improved seeds. Seed sharing occurs 
but not as broadly across the communities as expected. Therefore, our understanding on 
adoption dynamics will help to design an adequate strategy for rapid seed adoption and 
access to it. 
 
 
A.4. Research and dissemination of P-efficient soybean varieties developed by SCAU. 
A smaller effort will be devoted to soybean testing and diffusion of new P-efficient 
soybeans developed by South China Agricultural University (SCAU) during the previous 
phases of the project. In addition to evaluation and characterization of P-efficient soybean 
materials, outstanding genotypes were available to farm households for further evaluation 
on agronomic performance and willingness to adopt. Depending on field performances, 
more seeds are being multiplied and made available to local communities. This effort is 
being carried out in collaboration with AGRA project at Beira Corridor.  
In the previous phase of the project, we evaluated almost 20 soybean genotypes for P-
efficiency and adaptability to the different agro-ecological conditions. This work has 
been conducted in collaboration with a two-month soy promotion project funded by 
USAID/Mozambique, but conducted by IIAM and based in Sussundenga (final project 
report available upon request). Agronomic data of these evaluations show that in addition 
to increased yields, the materials being evaluated vary in terms of grain size, oil content 
and milk quality, as well as fertility management quality such as amount of residues 
(vegetative mass) produced. These characteristics may or may not be consistent with 
farmers’ preferences. Therefore, we continue conducting further evaluations to determine 
these secondary characteristics, with an assessment of how farmers view these 
characteristics.  
 
 
A. Results. Below we present results that are in accordance with the outcomes expected 

from the 2013 Workplan. Continuation of seed increase, farmer selection for small 
pack approach are among the main activities carried out during the reporting period of 
the project. Below are some of the milestones achived during the reporting period: 

 
 

• Continued seed increase of selected genotypes and Bean germplasm 
maintained. 
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• Continued evaluation of outstanding lines after selection for root traits 

in Chokwe. 
 

 
• The breeding component developed F7 and F8 lines of common bean with 

good root traits associated with P-acquisition efficiency. 
 

 
• Genotypes with root traits for better performance under low P soils and 

drought tolerances evaluated in Sussundenga research station.  
 

• Continued evaluation of outstanding materials received from Honduras 
and CIAT-Colombia in Angonia and Sussundenga after seed increase. 

 
 
 

• Tested the effect of mulching in farming systems involving P-efficient 
materials. 

 
• Acquisition of over 60 items of lab supply. These items include 

chemicals (reagents), glassware and lab equipment for P analysis in plant 
tissue.  

 
 

 
B. Challenges.  

 
• One of the biggest challenges we had during the previous reporting periods was 

how to adequately store our bean germplasm. Now, this problem has been solved 
as a 5 MT capacity cooling room has been installed at Sussundenga research 
station. 
 

• The outstanding challenge is the constant disability of the irrigation system at 
Sussundenga research station, that some time compromises the irrigation 
treatments of our trials. Effort are being made for rehabilitation of the irrigation 
system. 
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C. Insights and lessons learnt.  
 
Insights: By the end of the current phase (second), we have made many 
accomplishments: We have identified, evaluate and validate in the field a number 
of root traits conferring P-uptake efficiency in bean.  These traits include root 
hairs, basal root whorls, basal root growth angle, number of basal roots. We have 
conducted socioeconomic research that helped to understand adoption dynamics 
of the farmers using P-efficient varieties. In terms of infrastructure improvement 
we have installed a direct Internet access at Sussundenga research station, 
installed a plant tissue laboratory with basic equipment and supplies to carry out 
P content analysis in plant tissue. In terms of capacity building, IIAM has 
beneficed in an increase in the number of its researchers with two PhD level and 
two MS level researchers. 
 
In the next phase of the project, we would like to take these technologies, these 
seeds, so much needed by farmers to their villages, so that they can plant and 
improve their yields under same farming systems that they used to, without 
substantial application of the costly inorganic fertilizers. Therefore, at the end of 
the next phase we will be talking about the number of farmers that a using these 
new bean varieties and how they changed the lives of the farmers in terms of 
household welfare, putting in account the number of woman and children that 
directly benefited from the use of the new P-efficient varieties. 
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III. Budget. The Budget spreadsheet is presented separately. 
 

IV. Appendices.  
 

A. Appendix A: Research Report(s) 
 
1. Physiology and Technology Transfer Component 
 
People involved: 
Magalh‹es Miguel. IIAM, Mozambique 
Jonathan Lynch. PSU, USA 
 
 
Common bean varieties with better relative yields under low P are extremely useful in  

Mozambique. Common bean  (Phaseolus vulgaris L.) is among the most important crops 

in Latin America and Southern Africa, including Mozambique. In these regions, common 

bean has nutritional, ecological and economic values. Common bean is a principal source 

of protein and micronutrients, since the majority of the rural population cannot afford to 

get protein from animal sources; beans also provide a key protein source in food 

supplements given to populations weakened by disease. Common bean also plays an 

important role in many agronomic systems, helping to improve soil fertility mainly 

through incorporation of nitrogen from the atmosphere in the biological nitrogen fixation 

process, larger leaf area index (% of soil surface covered by vegetation in cultivated 

fields) enabling soil conservation by reduced erosion, in fields planted by phosphorus 

efficient genotypes (Henry et al., 2008). Common bean has economic value because in 

most production systems of small-scale farmers in southern Africa, it can serve as a cash 

crop with better market values compared to cereals (i.e. maize, sorghum) and cassava. 

Farm households usually reserve part of their bean production to sell in local markets and 

can use the income to pay for such basic needs as education of children, health care 

including medicine, and household consumption goods. Soybeans also have market 

value, being increasingly used to feed chickens. Therefore, increased bean production has 

a direct impact on a) population’s nutritional status, b) soil nutrient management, and c) 

household welfare of rural farm households.  

Seed Increase 
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In order to supply seeds needed for various studies, including socio economic program of 

small packs approach, we continued seed increase of the promising materials of Common 

bean in Sussundenga, during the reporting period. A total of 4 MT of seed from 150 

promising genotypes has been obtained and stores at Sussundenga research station. These 

materials include promising materials from LPA collection, outstanding lines from 

Celestina’s breeding program and outstanding materials from Honduras, which are small 

reds, small whites and small blacks. 

 

The materials are being used for on-station and on-farm field evaluation, as well as for 

the small packs seed distribution program for socio-economic studies.  

 

Germplasm Maintenance 

 

We continue maintaining all the existing materials in Sussundenga, with replicas in 

Chokwe and Angonia. In Angonia, we keep the materials mainly in the field (through 

repeated plantings) while in Sussundenga and Chokwe, materials are kept in the storage 

facilities. Sussundenga research station has now an appropriate storage facilities with 

controlled temperature and moisture. We also acquired an additional household 

refrigerator to keep seeds that are in small quantities, before and after planting.  

 

 

Phenotypic evaluations of bean materials for root traits and P analysis at Sussundenga 

Laboratory. 

 

 

We have completed the process of acquiring reagents, Glassware and small equipment 

for P analysis of plant tissue samples. In addition, we completed the construction of plant 

sample dryer in order to try plant samples from de field before taking plant dry weight 

data. In addition we have acquires RO water filter, muffle furnace and ashing oven that 

will enable us to ash the tissue samples before analysis for phosphorus content . 
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Materials testing under field conditions 

 

During the reporting period we have conducted several experiments to evaluate 

promising materials for P-efficiency and drought tolerance. These experiments were part 

of PhD thesis of Jimmy Burridge a US student with Dr. Lynch, and MS thesis of Samuel 

Camilo, from IIAM Chokwe.  

 

 

Jimmy work was to determine the dimorphism effect among P-efficient and drought 

tolerant lines, while Samuel Camilo work was focusing on the importance of tap root 

branching for drought tolerance in common bean. 

These material were evaluated in low P (7 ppm P) and high P (35 ppm P) fields in 

Sussundenga with irrigated and non irrigated treatments. Other collected data include 

days before flowering, shoot dry weight, incidence of pests and diseases, and yield. 

 
 
 

 
 
Figure 1. WinRhizo scan images of tap roots of common bean genotypes. Dense tap root 
lateral branching (left), and sparse tap root lateral branching (right). 
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Results of the dimorphism experiment showed variation of shoot biomass per plant 

grown under combined water & phosphorus treatment at Sussundenga research station, 

Mozambique. Significant P effect, but Intermittent rainfall avoided strong drought 

 
 

 
Figure 2. Shoot biomass of contrasting common bean genotypes under low and high P 
availability at Sussundenga research station. 
 
 
Preliminary results of these evaluations involving contrasting common bean genotypes 

contrasting for tap root branching indicate various among treatments and among soil 

depth. Overall, genotypes tend to have higher branching density when plants are grown 

under high phosphorus availability than under low P availability.  In addition, the results 

showed that more tap root branching reduces with soil depth. 
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Figure 3. Tap root lateral branching among common bean genotypes at four different soil 
depths.  
 
 

 
Figure 4. Tap root branching with depth.  
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Figure 5. Total plant P content among contrasting bean genotypes grown under low and 
high phosphorus availability and under well watered (WW) and water stress (WS) 
treatments. P content did not differ between phenotype groups under the same 
phosphorus level at Sussundenga research station. 
 

 
 
Figure 6. Training of the Extension workers about P-efficient varieties. 
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Figure 7. Plant sampling of bean materials at Sussundenga research station for evaluation 
for root traits related to P-efficiency. 
 
 

 
Figure 8. Samuel Camilo IIAM MSc student with Dr. Jonathan Lynch, scorring root 
samples of bean experiment at Sussundenga Research Station. 
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Figure 9. USDA researchers scoring root samples from experiment established in 
Sussundenga under collaboration between IIAM (McKnight project) and USDA and 
University of Puerto Rico. Around 80 bean lines from ADP (Andean Diversity Panel) 
was evaluated in Sussundenga, during the reporting period. 

 
 

 

2. Breeding component: Evaluation of the adaptability and yield performance of 

Andean bean lines 

People involved 

Dr. Celestina Jochua, IIAM/CZS-Chokwe, Mozambique 
Dr. Jonathan Lynch, (Professor, plant nutritionist), Penn State University, USA 
Dr. Steve Beebe, CIAT, Colombia 
Dr. Mathew Blair, CIAT, Colombia 
Dr. Roland Chirwa, CIAT, SABN, Malawi 
 

Statement of the problem and systemic context and Review of relevant literature. 

Common bean (Phaseolus vulgaris L.) is among the most important crops in Latin 

America and Africa. It is the main source of protein and minerals in these regions. Beans 

provide protein for people weakened by diseases. Low soil fertility, particularly low 

phosphorus (P) and drought are primary constraint to common bean production in many 

developing countries of Africa and Latin American. Bean genotypes efficient in acquiring 
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P under low P stress would be useful for Mozambique, where most bean production areas 

have poor soils and most smallholder farmers do not use fertilizer. To improve bean yield 

in low input agrosystems without the addition of fertilizers, breeders need to identify and 

develop bean genotypes with root system suitable to the target region. Root architectural 

traits influence P and water acquisition from the soil. Common bean genotypes with 

shallow roots, many basal root whorls, adventitious roots and basal roots have advantages 

in acquiring P from low P soils, while genotypes with deeper basal roots and longer 

primary roots will acquire water from deeper soil horizons. The objectives of the present 

studies were to evaluate the adaptability and yield performance of different Andean 

common bean genotypes in different bean production systems and under low P stress. 

 

Research design and method. 

Three trials using F7 lines were planted in 2013 in Sussundenga, Gurue and Chokwe, 

Mozambique (Figure 10 and 11). The experimental design was RCBD with 3 replications 

and 27 lines from AFR 298 x PVA 773 cross. AFR 298 has long and dense root hairs, 

while PVA 733 has short and sparse root hairs and it is an Andean variety adapted to 

Mozambique. The trial was installed under low P stress (8 ppm of P) in Sussundenga, and 

Gurue, and in Chokwe it was planted in a field with about 38 ppm of P. Nitrogen (N) 

fertilizer was applied 20-30 days after emergence in a rate equivalent to 30 kg of N/ha. 

The data collected included, number of pods, days to maturity and yield. These trial were 

also conducted in 2012 under low P stress in Sussundenga, and in Chokwe without P 

stress. Other six on-farm trials of a subset of 10 lines from AFR 298 x PVA 773 cross 

were planted in Milange, Lioma, Ile in Zambezia Province, Malema, and Nintulo in 

Nampula Province, and Chokwe in Gaza Province. Unfortunately the on farm trials in 

Zambezia and Nampula were lost (most seedling did not emerge or the plant density after 

emergence was very low) due to low soil moisture since the selected farmers only used 

rainfed irrigations. All the trials were analyzed using Minitab 16 and Statistix 8 software. 

 

Findings 

Significant differences among lines in yield was detected in Chokwe (P-value < 0.0001) 

(Table 1), and the yield varied from 601.5 (AP 89) to 4122.1 kg/ha (AP 56) (Table 2). 

The yield differences in Sussundenga, 2013 varied from 794.3 (AP 23) to 2785.5 kg/ha 
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(AP 7) and it was not statically significant at p-value ! 0.001. As expected, the yields of 

AFR 298 x PVA 773 lines in Chokwe were relatively high than the yields under low P 

stress in Sussundenga. In Gurue, the results were based on data from two replications 

planted in 2013 (one replication was lost due to low seed germination). Significant 

differences in yield among AFR 298 x PVA 773 lines were detected (p-value ! 0.01) 

(Table 3), and the yield in Gurue varied from 152.0 (AP 60) to 2245.1 kg/ha (AP 89). In 

this site, most of the lines had very low yields because the seed did not germinate and 

most plots had very low plant density, due to drought stress during germination period. 

However, some genotypes that performed well in Chokwe and Sussundenga also had 

yields above 1000 kg/ha in Gurue under low P stress. Based on comparison of these 

results with data from 2012 and other traits of these lines and selection by farmers we 

selected 10 promising lines from cross AFR 298 x PVA 773 for advanced trials for yield 

confirmation and additional evaluations with National Seed Services for variety release. 

The list of selected lines are presented in Table 5. 

 

 

2. Evaluation of yield performance of Low Phosphorus Andean (LPA) lines 

 

Research design and method 

A different set of 68 low Phosphorus Andean (LPA) lines developed by CIAT were 

evaluated in 2012 and 2013 in Chokwe and Sussundenga. In 2013, the experiment was 

planted in Chokwe and the design was a RCBD with 3 replications and 68 lines. Seeds of 

each line were sown in 2 rows of 4 m with planting space of 0.15 X 0.7 m. The P level in 

the field was about 38 ppm and Nitrogen (N) fertilizer was applied 20-30 days after 

emergence in a rate equivalent to 30 kg of N/ha. Weed and pest management, and 

irrigation were applied as needed. The data collected included, number of pods, days to 

flowering and maturity and yield. The data was analyzed using Minitab 16 and Statistix 8 

software. 

 

Findings 

High variation in yield performance was also detected among these 68 LPA lines 

evaluated in Chokwe. The differences were significant at p Ðvalue ! 0.0001 (Table 4). 
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The highest yield was from line LPA 76 (2786.7 kg/ha), followed by LPA 91 (2676.3 

kg/ha) and the lowest was from LPA 29 (580.7 kg/ha). We were able to select 19 

promising LPA lines after comparison with yield data from previous year. From these 

results 19 LPA lines were selected for advanced yield trials (Table 5). 

 

 

3. Evaluation of adaptability and yield performance of Middleamerican common bean 

lines 

 

Statement of the problem and systemic context and Review of relevant literature.  

Low soil fertility, particularly low phosphorus (P) and drought are primary constraint to 

common bean production in many developing countries of Africa and Latin American 

(Lynch 2007). The objective of the study was  to evaluate the adaptability and yield 

performance of Middleamerican common bean genotypes in different bean production 

systems in Mozambique and under low P stress. 

 

Research design and method 

The trials were planted in 2013 in Sussundenga and Chokwe, Mozambique. The 

experimental design was RCBD with 3 replications and 22 lines from a cross of VAX 1 x 

SXB 418. VAX 1 has long and dense root hairs, while SXB 418 has short and sparse root 

hairs. The trial was installed under low P stress (8 ppm of P) in Sussundenga, and in 

Chokwe it was planted in a field with about 38 ppm of P. Nitrogen (N) fertilizer was 

applied 20-30 days after emergence in a rate equivalent to 30 kg of N/ha. The second 

experiment of t37 Middleamerican lines from SEA 5 x SXB 418 cross was planted in 

Sussundenga and Chokwe. Seeds of each line were sown in 3 rows of 4 m with planting 

space of 0.15 X 0.6 m in Sussundenga, and 2 rows of 5 m with planting spacing of 0.15 X 

07 in Chokwe. Weed and pest management and irrigation were applied as needed. The 

data collected included, number of pods, days to maturity and yield. The data were 

analyzed using Minitab 16 or Statistix 8 software. 

 

Findings  
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No significant differences were detected among lines from cross between VAX 1 x SXB 

418. The yield of the 22 lines under low P stress in Sususndenga varied from 1777.8 to 

563.0 kg/ha. Significant differences in terms of yield among genotypes was detected in 

Chokwe (p-value < 0.001), and the yield varied from 1588.5 to 3256.8 kg/ha. Our results 

indicate that the yield of the lines from cross between VAX 1 x SXB 418 was relatively 

higher in Chokwe than in Sussunndenga. The yield of SEA 5 x SXB 418 lines under low 

P varied from 667.3 to 1746.4 kg/ha. The yield in Sussundenga were relatively lower 

than the yields in Chokwe. These results were expected because the trials in Sussundenga 

were conducted under low P stress while P levels in Chokwe were not limiting factors. 

   

Implications of the research findings.   

From these studies we were able to select advanced lines with superior yields under low 

P stress and other lines that also performed better than local varieties with and without P 

stress. Some varieties performed well in different growing conditions. With the selected 

lines from crosses from Andean lines AFR 298 x PVA 773 and LPA lines we plan to 

conduct advanced yield trials with more evaluations with farmerÕs participation (PVS) for 

identification of lines that are potential to be released as variety. Lines from Andean 

crosses had relatively better yields than lines from Middleamerican origin, that is, crosses 

SEA5 x SXB 418 and VAX 1 x SXB 418. The selected promising Andean lines were 

already planted this season of 2014 in different sites. We also plan to installs trials of 

potential lines to be released as varieties adapted to low P conditions of Mozambique and 

others for irrigated conditions in lowland regions in the south of Mozambique. We expect 

to release 4 to 6 P efficient common bean varieties in the next 1-2 years. By having P 

efficient varieties adapted to Mozambique means that we will produce more beans in 

marginal soils and as a whole the bean productions will increase. Smallholder farmer will 

have more beans to eat and sell and as result the food insecurity will reduce. Small 

farmers will sell the extra production and increase their income that will have impact in 

the poverty reduction that is currently the priority agenda of Mozambique Government. 

 

4. Seed multiplication 

The objective of this activity is to increase seed of selected lines and germplasm that may 

be need in the next season. In addition, small plots are used to plant local and introduced 
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lines for germplasm maintenance. Seed of several introduced lines, local germpalsm and 

local varieties were multiplied in small plots in Chokwe. The produced seeds is then used 

in different trials in other sites in Mozambique.     

!

A. Appendix G  
 
 
 
Table 1: Analysis of variance of yield of 28 AP lines (AFR 298 x PVA 773) evaluated in 
Chokwe in 2013. *** - significant at p-value ! 0.0001 
 
-------------------------------------------------------- 
Source of    DF        SS        MS      F        P 
variation 
-------------------------------------------------------- 
Rep        2     1229089    614545 
Line      27   8.262E+07   3060012   5.94***   0.0000 
Error     54   2.784E+07    515510 
Total     83   1.116E+08 
-------------------------------------------------------- 
 
 
Table 2: Average yield in kg/ha of 28 AP lines (AFR 298 x PVA 773) evaluated in 
Chokwe 2013 and their separation mean. 
Tukey HSD All-Pairwise Comparisons Test of yield for AP Line 
 
-------------------------------- 
Line    Mean  Homogeneous Groups 
--------------------------------  
 89  4122.1  A 
   2  4072.1  A 
  66  3956.6  A 
  60  3704.9  AB 
   7  3385.3  ABC 
  20  3371.9  ABC 
  72  3044.4  ABCD 
  64  2920.6  ABCD 
  95  2861.7  ABCDE 
  42  2837.5  ABCDE 
  34  2661.8  ABCDE 
  26  2609.5  ABCDE 
  82  2468.2  ABCDE 
  65  2303.5  ABCDE 
  83  2291.0  ABCDE 
  94  2124.7  ABCDE 
   9  2027.7  ABCDE 
 500  1995.6  ABCDE 
   3  1912.6  ABCDE 
  40  1901.7  ABCDE 
  92  1544.0   BCDE 
 600  1516.2   BCDE 
  77  1395.8    CDE 
  61  1207.5    CDE 
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  62  1102.3    CDE 
  23   841.2     DE 
  76   837.6     DE 
  56   601.5      E 
-------------------------------- 
Alpha 0.05 Standard Error for Comparison 586.24; Critical Q Value 
5.533; Critical Value for Comparison 2293.4; Error term used: Rep*Line, 
54 DF; 
There are 5 groups (A, B, etc.)in which the means are not significantly 
different from one another. 
 
 

Table 3. Analysis of variance of yield of 25 AP lines (AFR 298 x PVA 773) evaluated in 
Gurue, Zambezia Province in 2013. *** - significant differences at p-value ! 0.01. 
 
-------------------------------------------------------------- 
Source of     DF          SS       MS      F        P 
variation 
-------------------------------------------------------------- 
Rep         1      238486   238486 
line       24   1.683E+07   701382   2.86***   0.0063 
Error      24     5878969   244957 
Total      49   2.295E+07 
-------------------------------------------------------------- 
 
 
 

Table 4: Analysis of variance of yield performance of 68 low P Andean common bean 
line (LPA lines) evaluated in Chokwe in 2013. *** - significant differences at p-value ! 
0.0001. 
 
----------------------------------------------------------- 
Source of     DF       SS        MS      F        P 
variation 
----------------------------------------------------------- 
Rep          2      193614    96807 
Line        67    3.908E+07   583242   2.58   0.0000 
Error      134   3.028E+07   225947 
Total      203   6.955E+07 
----------------------------------------------------------- 
 

 
 
 
 
 
 
 
 
 
 
Table 5. List of promising common bean lines selected from in 2011 to 2013: Nineteen 
low Phosphorus Andean lines (LPA) and ten from cross of AFR 298 x PVA 773. The 
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lines are being tested to confirm the yield results in this 2014 bean growing season in 
Mozambique. 
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Figure 10: Trials of P efficient lines of common bean under evaluation in Sussundenga, 
Manica (left) and Chokwe, Gaza (right). 
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Figure 11. Different stages of on- farm trial in farmerÕs association Josina Machel in 
Chokwe, Gaza. 
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Basal root whorl number: a modulator of phosphorus acquisition 

in common bean (Phaseolus vulgaris) 
 

M. A. Miguel1, A.Widrig1, R. F. Vieira 1,2, K. M. Brown1 and J. P. Lynch1,*  
1Department of Plant Science, The Pennsylvania State University, University Park, PA 16802, USA and 

2Empresa de Pesquisa 
Agropecuaria de Minas Gerais, Caixa Postal 216, CEP 36571-000 Vi• osa, MG, Brazil 

• For correspondence. E-mail: JPL4@psu.edu 
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 Background and Aims Root architectural phenes enhancing topsoil foraging are 
important for phosphorus acquisition. 
In this study, the utility of a novel phene is described, basal root whorl number (BRWN), 
that has significant effects on topsoil foraging in common bean (Phaseolus vulgaris). 
 
  Methods: Whorls are defined as distinct tiers of basal roots that emerge in a tetrarch 
fashion along the base of the hypocotyl. Wild and domesticated bean taxa as well as two 
recombinant inbred line (RIL) populations were screened for BRWN and basal root 
number (BRN). A set of six RILs contrasting for BRWN was evaluated for performance 
under low phosphorus availability in the greenhouse and in the field. In the greenhouse, 
plants were grown in a sandÐ soil media with low or high phosphorus availability. In the 
field, plants were grown in an Oxisol in Mozambique under low and moderate 
phosphorus availability. 
 
  Key  Results: Wild bean accessions tended to have a BRWN of one or two, whereas 
cultivated accessions had BRWN reaching four and sometimes five.BRWN and BRN did 
not vary with phosphorus availability, i.e. BRWNwas not a plastic trait in these 
genotypes. Greater BRWN was beneficial for phosphorus acquisition in low phosphorus 
soil. Genotypes with three whorls had almost twice the shoot biomass, greater root length 
and greater leaf area than related genotypes with two whorls. In low phosphorus soil, 
shoot phosphorus content was strongly correlated with BRWN (R2 . 0.64 in the 
greenhouse and R2 . 0.88 in the field). Genotypes with three whorls had shallower root 
systems with a greater range of basal root growth angles (from 10 to 45 8 from 
horizontal) than genotypes with two whorls (angles ranged from 60 to 85 8 from 
horizontal). 
 
 Conclusions: The results indicate that BRWN is associated with increased phosphorus 
acquisition and that this trait 
may have value for selection of genotypes with better performance in low phosphorus 
soils. 

Key words: Basal root whorls, phosphorus acquisition, common bean, Phaseolus 
vulgaris, root architecture. 
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3. Agro-ecology 
 
Report of Agroecology Component  
 
People involved: 
Soares Xerinda, IIAM, Mozambique 
Jonathan, Lynch, PSU, USA 
 
Agroecology research continued to be carried out in Chokwe and Gurue sites during the 

growing season of 2013-2014. We established trials on mulch effects on Common bean 

productivity of shallow-rooted vs deep rooted bean under draught conditions and P/NP 

application rates. These experiments were also established during the previous growing 

season. During the reporting period we continued the establishment of one trial at 

Chókwe Research Station and two trials we established on-station in Gurue, Zambezia 

province. 

 

BEGROUND 

Plant adaptations to increase nutrient acquisition under low fertility soils (e.g. shallow 

basal roots, high and long root hairs), especially low P, have been reported as increasing 

growth of root and shoot biomass in several studies (Lynch and Brown, 2001). Common 

bean with shallow roots has superior acquisition of P when it is more concentrated in the 

topsoil compared to deep rooted bean. However, the shallow rooted been is more 

susceptible to drought than the deeper rooted bean. Additional agronomic measures like 

mulching may be necessary to reduce water stress when growing shallow rooted bean 

under low P rainfed conditions. The impacts of water stress and mulch effects are being 

evaluated in a trial replicated in two years conducted in Chókwe, Sussundenga and Gurue 

in 2012 and 2013. 

 

MATERIAL AND METHODS 

Experiments were established in 2013 at Chókwe  Research Station and in Gurue to 

evaluate mulching effect on productivity of P-efficient (shallow rooted) and P-inefficient 

(deeper rooted) common bean genotypes. This is the second season that the same 

experiments were established to compare the results obtained in 2012 growing season. 

The Table 1, shows the characteristics of the six (6) genotypes used for the study. The 
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treatments included mulching with two levels (mulch applied, and no mulch applied) as 

the main plot, the 6 genotypes, [shallow rooted (Lic04-3-1, Lic04-2-1, and Lic04-7-2), 

and deep rooted (Seq1003, TioCanela, and BAT477)] were planted as sub-plots, and 2 

fertilization treatments (Treatment 1: N=15 Kg ha-1, and Treatment 2: N=15 kg ha-1 + 

P=30 Kg ha-1) were applied to each sub-plot.  Irrigation was always applied as signs of 

wilting showed up in mulched plots, using deep rooted genotypes for controlling the need 

for irrigation. Basal root whorl number (BRWN), Basal root growth angle (BRGA), and 

grain yield are the main components measured. 

 

RESULTS AND DISCUSSION 

 

The results of the experiments from the two seasons, show the importance of mulching in 

the shallow rooted genotypes. Since shallow rooted genotypes are more phosphorus 

efficient but also more susceptible to drought, mulching treatment have a positive effect 

on conserving water needed by the plant.  

 

Root architecture evaluations through shovelomics show that shallow rooted genotypes 

had between 3 and 4 whorls, while de deeper rooted genotypes had 2 whorls, and very 

rarely 3 whorls. The growth angles of the shallow rooted genotypes were almost half of 

the growth angles of the deeper rooted genotypes (Table 6). This confirmed our selection 

of P-efficient and P-inefficient genotypes for this study. Therefore, in the analysis of 

grain yield we also grouped the treatments in 2 categories, the deep and shallow 

genotypes.   

 

The results show that under bare soil (no mulch applied) the grain yield was similar 

regardless of application of more P, but deeper rooted genotypes had about 28% higher 

yield than the shallow rooted genotypes due to better water use efficiency. The addition 

of P on mulched shallow rooted genotypes increased grain yield by 22%, while the yield 

increase on mulched deep rooted genotypes was only 1.8%. This result shows that the P-

efficient genotypes use better the added P, and the mulch effect is higher when P is 
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applied. These results are almost consistent with the results obtained from the repeated 

evaluations in the following year. 

 

 

CONCLUSIONS 

 

Results from the two growing seasons confirms that mulching is a necessary agronomic 

complement to take advantage of the greater productivity of shallow rooted bean 

compared to deeper rooted bean growing in low P soils in drought-prone environments. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



! *" !

TABLES AND FIGURES  
 

 
 

Figure 12. Gain yield of common bean genotypes differing in root shallowness growing 
under medium P conditions in Chokwe. 

 
 
 

Table 6: Trait characteristics of the bean genotypes used in the 
experiments established in 2011/12 and 2012/13 growing seasons in 
Chokwe Research Station  and Gurue research field 

Genotype Shallowness BRWN BRGA 

Lic04-3-1 Shallow 3 26 
Lic04-2-1    Shallow 4 27 
Lic04-7-2   Shallow 3 26 
Seq1003     Deep 2.2 57 
Tio Canela   Deep 2 62 
BAT477      Deep 2 67 

 
 
 
 
 
!
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Figure 13: Field trial testing the effect of mulching on growth and yield of P-
efficient and P-inefficient common bean (Phaseolus vulgaris). Experiment is being 
repeated in 2013 growing season in Chokwe. 
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4. Socio-economic Research to Support P-Efficient Common Bean/Soybean Research 
and Technology Diffusion Goals  

Personnel:  
Jill L. Findeis (Agricultural and Applied Economics, University of Missouri-Columbia)  
Luis Sevilla (Agricultural, Environmental & Regional Economics & Demography, PSU)  
Maria da Luz Quinhentos (Socioeconomic Research Unit, IIAM – Mozambique, Rural 
Sociology, PSU) 
 
Progress: 
 
In the 2012-13 reporting period, the IIAM survey team (representing the study sites) was 

trained in protocol for conducting social science surveys, use of mapping for network 

analyses, and also use of the current protocols and instruments for Mozambique social 

science field work.  

 

In February 2014, small seed packets of different beans varieties were distributed to 

about 160 farmers in Mozambique in order to try the new beans varieties.  
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The seed distribution was carried out in 4 villages out of the 8 McKnight project sites.  

The villages are located in Manica, Niassa, Tete, and Zambezia provinces in the central 

and northern regions of Mozambique.   

 

In each province, households from one village were given out small seed packets; in total 

the small seed packets were distributed across 4 villages (with the other 4 villages as 

controls). The seed was given out to the households that were surveyed during the ex-

ante baseline socioeconomic survey conducted in 2009, where households from 8 villages 

of Mozambique were interviewed. The selection of the villages was made according to 

their distance and influence from an IIAM research station. Two of the four villages that 

received the seed were classified as IIAM influenced, while the other two villages were 

considered non-IIAM. Table 7 presents the name of the beneficiary villages and their 

location in relation to IIAM. 

 
Table 7: The 4 villages which that received improved bean seed in small packets this year 
(2 IIAM and 2 non-IIAM  influenced) 
 

Province Village Location in relation to 
IIAM 

Niassa Lucucho Non-IIAM  

Zambezia Somba-B Non-IIAM  

Tete Nhamane IIAM influenced 

Manica Rotanda IIAM influenced 

 
 

Methodology 
 
The work was divided in 2 stages: the first consisted of packing the seed of different 

beans genotypes. The seed was packed into small packets of 250 grams each.  Then 

the small seed packets were given out to a total of 40 households in each village. The 

main beneficiaries of the seed consisted of the households randomly surveyed in the 

baseline survey in 2009. 
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While in the villages, the surveyed households were identified with the help of the list 

of names and the maps produced during and for the baseline survey to assure that 

most of the household can be found and receive the seed. The seed distribution was 

conducted between February 17 and February 28. The identification of the surveyed 

and listed households was possible with the help of the community leaders and local 

guides, who also helped to identify widows and replacing households to ensure that 

40 households will receive small packets in each village.   

 

The surveyed and listed households were identified and given out the seed. Listed 

households not present in the village (moved out the village) were replaced by the 

neighbor (nearest household). Because less than 40 households were surveyed in each 

village in 2009, about 5 to 8 households who had not surveyed were identified and 

also given out the small seed packets. These numbers consisted mostly of female 

widows also identified with the help of community leaders and local guides. 

 

 

Results 

One hundred sixty households were identified and given out small seed packets of 

different beans genotypes. Each packet contained an equivalent to 250 grams of beans 

seede and each household received 6 different varieties.  

In Angonia, farmers suggest not to plant now, they will plant the new beans seed 

during the next season. They fear the cold weather that will affect their harvest and 

the yield.  

Farmers are happy to try the new varieties and asked different questions regarding the 

new seed. One question that was asked by most of the farmers was the use of 

fertilizers. The technicians and the farmers conducted a demonstration plot in each 

village to show how to plant the beans.   The farmers are showed their willingness to 

try the new beans and are hoping to obtain a higher yield and find a good market for 

their produce.  

The activity is a precursor of future studies on adoption and diffusion of the new 

beans varieties. The results may be used to understand and design new strategies for 

seed dissemination and adoption in Mozambique.  
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B. Appendix B. Publications Summary & Training and Outreach Summary 
 

• No manuscript was submitted during the reporting period.  
 

Appendix C Ð Theory of Change (ToC) Ð review your ToC and ensure it is consistent 
with your workplan. 

 

Our theory of change is consistent with the workplan: The physiology component 

identifies, evaluates and validates root traits associated to P-efficiency in bean, the 

breeding component incorporates these traits to bean materials with other characteristics 

preferred by farmers, the socioeconomic component identifies the effective strategies for 

promotion and dissemination of these new varieties, evaluating adoption dynamics using 

small packs approach, with objective of reaching an increased number of farmers. 

Farmers growing these varieties will improve their yields without substantial application 

of inorganic fertilizers. Farmers getting higher yields by using P-efficient varieties will 

increase bean production, which will have a positive impact on food and nutritional 

security, income and household welfare.  
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D. Appendix D Ð Monitoring and Evaluation Plan – update with results that are 
emerging from your current plan, progress against indicators, and activities related to 
measuring each evaluation question and indicator. Some evaluation questions may 
be more ambitious and addressed in Appendix A more thoroughly. 
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Figure D1. Implementation of the Monitoring and Evaluation Plan (IMEP) for the P-
efficient project 
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Figure D2. Key for the figure D1 above. 
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E. Appendix E Ð Research Questions and Protocols  

 
Several protocols have been developed for different experiments established in the 5 
research sites, namely, Sussundenga, Chokwe, Gurue, Angonia and Lichinga. 

 
 

F. Appendix F Ð Data and Document Store (digital data management to ensure safety 
and integrity of project data) and Data Sharing plans. 

 
All project data are stored in the Project’s External drive. In addition we have adopted 
store of the data through alternative means such Dropbox. Therefore, the integrity of the 
project data is kept safe.  
 



Annual Training Report 2014 
 
Anica Massas has completed her intensive English program in residence at Penn State and in the 
Fall semester of 2012 began taking science courses and began her dissertation research. Her 
dissertation research will consist of 1) phenotypic profiling of root  traits in Phaseolus 
germplasm, 2) introgression of root hair traits and other useful traits into elite bean germplasm, 
and 3) genome-wide association analysis of the genetic control of root hairs in common bean.  
 
Status:  
 
Coursework: Anica has completed coursework in Statistics and Plant Nutrition, is now taking 
coursework in Plant Breeding, and in the Fall 2014 semester will take another course in 
Statistics, completing her course requirements.  
 
Research: Anica’s first chapter will focus on phenotypic profiling of root traits in the genus 
Phaseolus, including wild taxa. This is completed. She identified substantial phenotypic 
variation among Phaseolus taxa for important root traits including basal root whorl number and 
root hair length and density. Her second objective focuses on introgression of root traits into elite 
germplasm. Anica spent the Fall of 2013 with Dr. Juan Carlos Rosas of Zamorano University in 
Honduras to begin these introgressions. Dr. Rosas has been working with root traits for some 
years and is the most successful bean breeder in Central America. Anica is now planning her 
third objective, which is Genome-Wide Association analysis of root traits in bean.  
 
 
 


	09-1086 ANNUAL P-EFFICIENT PROJECT REPORT 2014a
	09-1126 PSU-McKnight Year 4 Financial Final
	Financial Report - Year 4
	No-cost extension (as needed)

	09-1086 REQUIRED Financial Report
	09-1126 McKnight Year 4 Statements of Grantee
	09-1126 Microsoft Word - McKnight2014TrainingReport.docx

