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angular leaf spot became severe at TARI – Selian centre farms. Three companies (BEULA, 
ALSSEM and ASA) also were affected by these pathogens. Through field survey, two fungal 
diseases were observed at these sites (anthracnose and angular leaf spot). The infection was higher 
on four varieties: Lyamungo 85, Lyamungo 90, Calima Uyole (red mottled) and Selian 13 (yellow 
and round).  

In this study, four samples collected from two distant locations (Ndorobo and bean trial). 
Using pathogen isolation, both samples were positive for both P. griseola and C. lindemuthianum 
(Figures 1&2). Using a microscope, various morphological features were observes including 
conidia (figure 1A), appressoria (Figure 1B), darkish mycelium at the upper surface (Figure 1C) 
and conidiophores (Figure 1D). Also, for P. griseola, the samples were consistent of angular spot 
leaf symptoms. Features like hyphae/conidiophores, cylindrical conidia with various septa and 
blackish mycelium were observed under the microscope (Figure 2). 

 

 
CONCLUSIONS: Integrative characterization of disease-causing pathogens by engaging 
commodity value chain actors is an effective approach and a way forward for developing resistant 
crop varieties with a better understanding of the actor’s needs. 
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INTRODUCTION 
Resistance to anthracnose, caused by Colletotrichum lindemuthianum (Sacc. & Magnus), is 
controlled by major race-specific genes (Co- genes) organized in clusters as the Co-2 cluster 
located at the end of chromosome Pv11. In this study, RNA-seq was used to investigate the 
differentially expressed genes (DEGs) in response to race 38 of C. lindemuthianum in an isogenic 
line (NIL) carrying a resistant locus in the Co-2 cluster. 
 
MATERIALS AND METHODS 
Plant Material. Two common bean genotypes were used in this study, A25 and A4804. Line A25 
is a selection in the market class fabada, a genotype susceptible to race 38. Line A4804 is a resistant 
genotype to race 38 which was obtained from the cross A2806 x X4562. These lines had an 
anthracnose resistance gene located in the Co-2 cluster, mapped in the physical position 46.65 – 
48.65 Mbp [1]. The resistance present in originally derived from Cornell 49242. 
 
Inoculation procedure and RNA isolation. Seedlings of both lines were inoculated with race 38 
(1.5 x10 6 conidia/mL) and maintained under controlled conditions (24ºC, 100 % RH, and 12 hours 
of photoperiod). The experimental design had three replicates corresponding to three resistance 
tests (1, 2, 3), two genotypes per replicate (A25 and A4804), and three treatments corresponding 
to three hours post-inoculation (hpi): 0 (just before inoculation), 24 and 48 hpi. The leaf tissues 
were harvested, flash-frozen in liquid nitrogen, and stored at -80ºC before RNA extraction. RNA 
isolation, sequencing and reads assembly were carried out by Macrogen Inc. (Seoul, Rep. of 
Korea) using the  G19833 v1.0 genome (https://www.ncbi.nlm.nih.gov/ [2]). 
 
Comparative Transcriptome Analysis. The NOISeq package (2.38.0) in R [3] and pheatmap 
1.0.12 package in R platform [4] were used to explore the quality of the samples and to detect 
DEGs in the following comparisons: genotypes at different hpi (0-24, 0-48, 24-48) and between 
genotypes at the same hpi. FPKM (Fragments Per Kilobase of transcript per Million Mapped reads) 
normalized data of the 18 samples were used in the evaluation through a principal component 
analysis (PCA) and a hierarchical clustering analysis (HCA) to detect the possible source of noise 
in the experiment. The DEGs were investigated in the nine comparisons considering q > 0.80 with 
the function noiseq(). DEGs found in the Co-2 region were used to build a clustered heatmap and 
functional annotation of these genes was investigated in the reference bean genome [2]. 
 
RESULTS AND DISCUSSION 
Seven days after inoculation with race 38, the susceptible genotype was dead while the resistant 
genotype did not exhibit symptoms. A quality analysis of the RNA-seq sequencing reads showed 
3 samples (S0.1, S24.1 and R24.1; where S0.1 is the susceptible genotype at 0 hpi in test 1) with 
low RIN values and with a separation from the other samples of their group in the PCA and HCA 
analysis. These samples were removed. In total, 2850 unique DEGs were identified in the different 
comparisons.  
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In the region containing the Co-2 cluster in A4804, there were 165 annotated genes, among them 
23 were differentially expressed in response to the pathogen. The representation of the FPKM 
values of these genes in a clustered heatmap revealed a separation between the resistant and 
susceptible genotypes (Figure 1). Also, the 23 DEGs were grouped in four main groups: i) 7 genes 
with higher expression in the susceptible genotypes, and no changes in the resistant genotypes; ii) 
5 genes which tend to decrease their expression after inoculation in both genotypes; iii) 8 genes 
with higher expression in the resistant genotypes, and no-changes in the susceptible genotype after 
inoculation, all them with Serin/threonine protein kinases or leucin rich repeat domains; iv) 3 genes 
which tend to increase expression after inoculation in both genotypes. These results provide a 
closer approximation to the genes conferring the resistance reaction to race 38 in the Co-2 cluster 
present in the bean genotype A4804. 
 

 
Figure 5. Clustered heatmap with the 23 DEGs in the Co-2 region (46.65-48.65 Mbp)  
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INTRODUCTION 
Genetic resistance to diseases is a relevant trait for adaptation to organic production in which the 
use of chemical pesticides is limited. Powdery mildew (PM, Erysiphe diffusa) and white mold 
(WM, Sclerotinia sclerotiorum), are two of the main diseases affecting European common bean 
(Phaseolus vulgaris L.) crops. In this work, the response to local isolates of these fungi was 
evaluated in the Snap Bean Panel (SBP) to identify the most promising materials for organic 
farming. 
MATERIALS AND METHODS 
Plant Material. SBP consists of 311 lines derived from European gene bank accessions, 
working collections, and seed companies (García-Fernández et al. 2022). 
Experimental design. Two resistance tests in controlled conditions using a randomized 
incomplete block design were carried out for each pathogen. A test contained two replicates 
(pots)/line, with 4 seedlings/pot. Common checks (lines Porrillo Sintetico, Xana, Cornell49242, 
and A195) were included in each test. Resistant lines were confirmed in a third evaluation. 
PM resistance test. A total of 301 SBP lines were evaluated for response to a local PM isolate 
according to Trabanco et al. (2012). Responses were recorded as infection type (IT) on a scale 
of 0 to 4, where IT0 was classified as resistant (R), IT1- IT3 as intermediate (I), and IT4 as 
susceptible (S). 
WM resistance test. A total of 295 lines were evaluated against a local WM isolate using the 
straw test (Petzoldt and Dickson 1996). Disease progression was evaluated based on the level of 
infection on the main stem on a 1–9 severity scale. Response 1-3 was classified as R, 4-6 as I, 
and 7-9 as S.  

RESULTS AND DISCUSSION 
Figure 1A shows the results of the PM evaluation. Most lines (227) were classified as S, with 
clear symptoms and conidia production, 67 lines were classified as I, and 7 lines as R. Figure 1B 
shows the results of the WM evaluation. Most lines (162) were classified as S; 123 lines as I, 
and 10 lines as R. The R lines to PM or WM are indicated in Table 1, as well as a morpho-
agronomic description based on basic traits such as growth habit, and pod and seed traits (data 
taken from García-Fernández et al. 2022). All resistance sources against PM showed determinate 
growth habits, green pods, and white small seeds. In contrast, the lines with high resistance to 
WM exhibited indeterminate growth habits, yellow or green pod colors, and different seed sizes 
and colors. Considering the reaction against both diseases, 5 lines showed an intermediate 
reaction. The most promising materials identified for organic farming were SBP240 and 
SBP160, with resistance to PM and with an intermediate response to WM. Both lines are 
morphologically similar, with determinate growth habits, green pods, and white small seeds. 

This work allowed the identification of two promising materials for organic farming, the 
identification of resistance sources against PM and WM, and also highlights the need for 
breeding in some snap bean market classes. 
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A 
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Figure 1. 
Histograms show 
the distribution for 
the reaction against 
a local isolate of 
powdery mildew 
(A) and white mold 
(B) in the SBP. R, 
resistant: I, 
intermediate; S, 
susceptible. 

 
Table 1. Morphological description of the main resistance sources identified against PM and/or 
WM. R, resistant: I, intermediate; S, susceptible. 

Line PM WM 
Growth  

habit 
Pod 

color (1) 
Pod 

length (1) 
Pod 

section (1) 
Seed 

color (2) 
Seed 

size (2) 
SBP005 R S determinate green short flat white small 
SBP145 R S determinate green medium rounded white very small 
SBP160 R S determinate green medium rounded white very small 
SBP273 R S determinate green long rounded white very small 
SBP301 R - determinate green medium rounded white small 
SBP302 R - determinate green medium rounded white small 
SBP037 S R indeterminate yellow medium flat brown small 
SBP038 S R indeterminate yellow short flat brown small 
SBP082 S R indeterminate green long flat red large 
SBP118 S R indeterminate yellow short flat mottle medium 
SBP303 S R indeterminate yellow short flat brown small 
SBP305 S R indeterminate yellow medium flat brown small 
SBP306 S R indeterminate green short flat brown small 
SBP312 S R indeterminate green short flat brown small 
SBP320 S R indeterminate green medium flat black small 
SBP334 S R indeterminate yellow medium flat black small 
SBP092 I I indeterminate yellow long flat brown medium 
SBP033 I I determinate yellow medium rounded white medium 
SBP093 I I indeterminate yellow short flat purple medium 
SBP091 I I determinate green medium rounded brown medium 
SBP123 I I indeterminate green long flat white medium 
SBP240 R I determinate green short pear white small 
SBP160 R I determinate green medium rounded white very small 

(1) Pod phenotypic variation in the Snap Bean Panel, https://zenodo.org/record/5557139#.YgTZBN9ByUk 
(2) Seed diversity catalog of the Snap Bean Panel, https://zenodo.org/record/5557174#.YgTYrt9ByUk 
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INTRODUCTION  
The Ur-11 gene present in the Guatemalan common bean landrace PI 181996 confers resistance 
to all but one of the 90 races of Uromyces appendiculatus maintained at the USDA-ARS-
Beltsville, Maryland. PI 181996 is only susceptible to race 22-52 (108) from Honduras. The 
recurrent production of new virulent strains by U. appendiculatus has resulted in major yield 
losses, principally on varieties with single rust resistance genes. Thus, development of cultivars 
combining two or more rust resistance genes is an effective strategy to manage the broadly virulent 
U. appendiculatus (Pastor-Corrales et al. 2003). The broad-spectrum resistance of Ur-11 is a 
critical component of gene pyramiding for durable resistance. Recently, the Ur-11 gene has been 
combined with other rust resistance genes, for the development of pinto, great northern, and other 
market classes of commercial dry bean cultivars in the United States, where, for example, the Ur-
11 and Ur-3 genes formed the basis of breeding efforts to pyramid major rust resistant genes 
(MacQueen et al. 2020; Urrea et al. 2021). The objective of this study was to describe the fine-
mapping of Ur-11 and the development and validation of a DNA marker tightly linked to Ur-11.  
 
MATERIALS AND METHODS 
The analysis of the inheritance of resistance of Ur-11 was performed by inoculating 124 F2 plants 
derived from the Pinto 114 (susceptible) and PI 181996 (resistant) cross with races 15-1 (41), 15-
3 (47), 31-1 (53) and 31-22 (67) of U. appendiculatus. Three susceptible bulks were prepared and 
genotyped with the BARCBEAN6K_3 BeadChip. The genomic region containing Ur-11 was 
targeted for development of specific SSR and KASP markers to be used to advance the mapping 
of Ur-11. The fine mapping was performed by inoculating 1,639 F3 plants, derived from 162 F2:3 
families, with race 31-1 (53) and genotyped with the SS10 and SS234 KASP markers flanking the 
Ur-11 gene. F3 plants showing recombination between the flanking markers were selected for fine 
mapping. The region between SS10 and SS234 was screened for the presence of new SNPs to 
develop KASPs markers. SNPs were selected based on the whole genome re-sequencing of 42 
common bean cultivars with and without Ur-11. The KASP markers were tested on the 
recombinant F3 plants. Then, SS322, one of the closest markers to Ur-11, was validated on a panel 
of 205 cultivars from different gene pools, market classes, and with different rust resistant genes. 
  
RESULTS AND DISCUSSION 
Using bulk segregant analysis and SNP genotyping, the single and dominant Ur-11 gene was first 
positioned in a 2.3 Mb genomic region on chromosome Pv11. Subsequent genetic mapping of Ur-
11, using a combination of KASP and SSR markers, positioned Ur-11 in a smaller 482 kb genomic 
region between KASP SS10 and SSR BARCPVSSR14086 markers (Fig. 1a). To advance the fine 
mapping of Ur-11, 1,639 F3 plants were phenotyped with race 31-1 (53) and genotyped with the 
SS10 and SS234 KASP markers flanking Ur-11. We identified 83 F3 recombinant plants. These 
results indicated that the Ur-11 gene was positioned in a smaller genomic region (9.01 kb) flanked 
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by KASP markers SS375 (47,906,490 bp) and SS322 (47,915,503 bp) (V1.0) (Fig. 1b). This region 
included a candidate gene encoding a nucleotide-binding site and leucine rich-repeat domain with 
a pathogen resistance function (Fig 1c). To validate the KASP SS322 marker, a panel of 205 
diverse common bean cultivars was phenotyped with races 22-6 (49), 31-1, 31-22, and 22-52 of 
U. appendiculatus and genotyped with the SS322 marker. This panel included Andean and Middle 
American cultivars and snap and dry beans from different market classes. Some of the cultivars, 
had the Ur-11 gene alone, while other cultivars had  Ur-11 in combination with other rust resistant 
genes. The presence or absence of SS322 was accurately detected in 200 cultivars. However, the 
presence of SS322 was not accurately detected in five cultivars: Stampede, PT-11-13-1, USDA-
Rattler, NE2-17-37, and NE4-17-10. In all five cultivars, the Ur-3 and Ur-11 genes were 
segregating; that is, some plants had Ur-3 alone, and others had Ur-3+Ur-11. SS322 was observed 
in plants of Stampede, PT-11-13-1, and USDA-Rattler with Ur-3 alone and in plants combining 
Ur-3 and Ur-11. Conversely, SS322 was not observed in plants of NE2-17-37 and NE4-17-10 that 
combined Ur-11 and Ur-3. However, the inability of SS322 to identify Ur-11 in plants combining 
Ur-11 and Ur-3 was not widespread. For instance, SS322 accurately (100%) detected the presence 
of Ur-11 in an F2 population from the BelMiNeb-RR-2 (Ur-11) × Aurora (Ur-3) cross. At present, 
we are studying why SS322 is effective in some combinations of Ur-11/Ur-3 but not in others. 

 
Figure 1. Fine mapping Ur-11 rust resistance gene in PI 181996. a) Genetic map of common bean 
Pv11 containing Ur-11 and the linked SSRs and SNPs markers used to genotype the F2 population 
from the Pinto 114 × PI 181996 cross; b) Flanking SNP markers SS10 and SS234 and nine KASP 
markers used to fine map the Ur-11 locus to a 9.01 kb genomic region using 83 recombinants F3 
plants; c) The Ur-11 candidate region included a gene in the reference genome of G19833 
encoding a nucleotide-binding site and leucine rich-repeat domain with pathogen resistance 
functions. The marker position is based on version 1.0 of the RefGen G19833. 
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INTRODUCTION 
Common bean (Phaseolus vulgaris L.) is a newly introduced crop in Ghana with the potential for 
improving nutritional security of the population, most especially the resource poor. Field trials 
show it grows well in both the transition and forest zones of the country and that it has high 
adoption potential. Despite its significance, the crop is prone to several diseases. To develop 
sustainable disease management strategies for farmers, there was the need to identify and 
document some common diseases attacking the crop and to identify the associated pathogens.  
 
MATERIALS AND METHODS 
Surveys were carried out during the cropping season of 2019 in common bean research fields 
across the transition and forest agro-ecological zone of Ghana. In each field, 20 plants in the two 
central rows were selected systematically and assessed for disease symptoms such as leaf spots, 
leaf blight, lesions/spots on pods, and leaf chlorosis. Selected plants were also uprooted and stems 
and roots assessed for signs of fungal and plant parasitic nematode infection such as mycelia, 
presence of cankers, and root rots. Standard laboratory protocols were followed during fungal and 
nematode pathogen isolation and identification.  
 
RESULTS AND DISCUSSION 
Surveys across the fields revealed leaf chlorosis (P.1), wilting (P.2), leaf spots (P.3), spots with 
concentric rings (P.4), leaf lesions (P.5), leaves appearing as though they had been scalded by hot 
water (a  common symptom of web blight, P.6) and common bean blight (P.7) with total defoliation 
of the bean plant under severe conditions as the most prevalent above ground symptom. In addition 
to the above ground symptoms, root galling (P.8), a common symptom of root knot nematode 
infestation, was also identified on roots of plants.  
 
Several fungal species: Colletotrichum spp., Cercospora spp., Curvularia spp., Phaseoriopsis 
spp., Rhizoctonia spp. and Phoma spp. were found associated with the foliar symptoms.  Phoma 
spp. and Rhizoctonia spp. were isolated from leaf spots with concentric rings and web blight 
disease, respectively, whilst Fusarium spp. and Sclerotium spp. were isolated from roots and stems 
of plants showing wilting and root rot symptoms. Root knot nematode (Meloidogyne spp.) was 
recovered from roots and the rhizosphere soil of plants showing symptoms of root galling.  The 
pathogens, Colletotrichum spp. and Phaseoriopsis spp., are known to cause Anthracnose and 
Angular Leaf Spot diseases, respectively. These diseases have been reported as major constraints 
to bean production, reducing productivity (ECABREN, 2003). Phyto-nematode infestation reduces 
nodule formation (Wood et al., 2018) and hampers the ability of plants to efficiently absorb 
nutrients and water, leading to symptoms such as wilting and leaf chlorosis in affected plants. 
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Pathogenicity studies will be carried out to confirm each of the isolated pathogens as a disease-
causing organism in common bean. 
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INTRODUCTION 
Common bean (Phaseolus vulgaris L.) contains flavonoids (flavonols, anthocyanins, and 
condensed tannins) in their seed coats whose concentration and profile varies widely depending 
on genotype. The objective of this work was to conduct a genome-wide association study (GWAS) 
using the Spanish Diversity Panel (SDP) to identify genomic regions associated with the synthesis 
of seed coat flavonols and anthocyanins. 
 
MATERIALS AND METHODS 
SDP is a panel considered representative of the Spanish diversity for this species (Campa et al. 
2018). In all, 274 SDP lines were grown in a greenhouse (2018) using a randomized complete 
block design with one replicate (10 plants) per line. Dry seeds were harvested and maintained 
under vacuum at -20ºC until the chemical analysis (Rodriguez et al. 2020). The extractable 
phenolic profile of 4 anthocyanins (Cya_G, Del_G, Pel_G, Pet_G) and 7 flavonols (Kae, Kae_G, 
Kae_GAcII, Myr_G, Qu_G, Que_Rut, Que_GAc) were analyzed in each line (Table 1). 
The SDP was genotyped by GBS and aligned to the Phaseolus vulgaris v2.1 reference genome. 
After filtering (missing values < 10%; MAF> 0.05) 11,763 SNPs were considered for GWAS, 
conducted in the R project (mrMLM package) using the FASTmrEMMA model. A critical 
threshold of significance LOD ≥ 5.4 was considered after Bonferroni correction. A 350‐Kb 
window centered for each associated SNP was considered for candidate gene exploration. When 
two windows overlapped, they were considered as a unique quantitative trait loci (QTL). The QTL 
was named using the prefix Phe (phenolic), chromosome number, and the start physical position 
in Mbp. Candidate genes underlying each QTL were considered based on: (i) search by keywords 
of molecules involved in the phenolic pathway in Phytozome or Kyoto Encyclopedia of Genes and 
Genomes (KEGG); (ii) genes previously described in common bean (Reinprecht et al. 2013); (iii) 
BLASTp with genes described in Arabidopsis thaliana (Kubasek et al. 1992; Baxter et al. 2005). 
 
RESULTS AND DISCUSSION 
Table 1 shows the observed variation for each metabolite. Kae_G showed the highest 
concentrations (from 0 to 2042.4 µg/g) while Que_Rut showed the lowest (from 0 to 18.8 µg/g).  
A total of 10 SNPs were significantly associated with one or several metabolites (except for Pet_G 
and Que_Rut) and they were grouped in 8 QTL (Table 2). Twenty-one candidate genes were 
identified for all QTL except for Phe_01(1.3), Phe_02(30.8), and Phe_10(10.3).  
 
Chromosome Pv08 seems to be highly involved in the flavonoid pathway, including the QTL 
Phe_08(2.7) associated with the 6 metabolites Que_G, Kae_G, Kae_GAcII, Que_GAc, Cya_G, 
and Pel_G. For this QTL, 9 candidate genes were identified, including a cluster of 4 genes 
(Phvul.008G038200, Phvul.008G038400, Phvul.008G038500, Phvul.008G038600) that encode a 
MYB113 transcription factor, a regulator of anthocyanin biosynthesis, and a cluster of 2 genes 
(Phvul.008G042350, Phvul.008G042400) that encode flavone-malonyltransferases. This 
chromosome region, spreading from 2.7 to 4.0 Mbp of chromosome Pv08, probably corresponds 
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to the complex C locus involved in the seed coat color. In fact, the candidate gene 
Phvul.008G038400 is responsible for the black seed coat color (García-Fernández et al. 2021). 
The 21 candidate genes identified and their implication in the genetic control of the flavonoid 
biosynthesis pathway will be studied in more detail. 
 
Table 1. Observed variation (in µg/g) for 4 anthocyanins and 7 flavonols in the 274 bean lines 
included in the SDP. Mean, standard deviation (SD), minimum (Min), and maximum (Max) values 

 
 
Table 2. QTL identified in the 274 SDP lines. Na/Nc, number of annotated/candidate genes 
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Phenolic Compound (abbreviation) Mean SD Min-Max 
cyanindin3-O-glucoside (Cya_G) 11.7 35.5 0 - 334.3 
delphinidin3-O-glucoside (Del_G) 42.2 127.1 0 - 871.3 
pelargonidin3-O-glucoside (Pel_G) 10.5 27.5 0 - 227.3 
petunidin3-O-glucoside (Pet_G) 7.8 32.9 0 - 258.3 
Kaempferol (Kae) 4.5 14.6 0 - 158.5 
kaempferol3-O-glucoside (Kae_G) 178.4 376.1 0 - 2042.4 
kaempferol3-O-acetilglucosideII (Kae_GAcII) 46.6 82.8 0 - 454.7 
myricetin3-O-glucoside (Myr_G) 13.0 45.6 0 - 300.3 
quercetin3-Oglucoside (Que_G) 16.6 30.7 0 - 165.2 
quercetin3-O-rutininoside (Que_Rut) 0.7 1.7 0 - 18.8 
quercetin3-Oacetilglucoside (Que_GAc) 4.8 11.5 0 - 113.6 

 

QTL SNP Trait/s Na/Nc Candidate genes 
Phe_01(1.3) SNP01_1719386 Que_GAc 69/0 - 
Phe_02(30.8) SNP02_31169826 Del_G 65/0 - 
Phe_04(1.2) SNP04_1611602 Del_G, Myr_G 69/1 Phvul.004G012500 
Phe_08(2.7) SNP08_3066515 Que_G, Kae_G, 

Kae_GAcII 
139/9 Phvul.008G038200, Phvul.008G038400, 

Phvul.008G038500, Phvul.008G038600, 
Phvul.008G042350, Phvul.008G042400, 
Phvul.008G034000, Phvul.008G035800, 
Phvul.008G040232 

  SNP08_3181860 Que_Gac  
  SNP08_3694747 Cya_G, Pel_G  

Phe_08(62.5) SNP08_62934084 Pel_G 70/5 Phvul.008G287200, Phvul.008G287300 
Phvul.008G289200, Phvul.008G289400, 
Phvul.008G289500 

Phe_09(35.7) SNP09_36051750 Que_GAc 57/2 Phvul.009G239000, Phvul.009G238400 
Phe_10(10.3) SNP10_10709290 kae 9/0 - 
Phe_11(51.3) SNP11_51718220 kae 63/4 Phvul.011G200700, Phvul.011G201700 

Phvul.011G202000, Phvul.011G202500 
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INTRODUCTION 
Snap beans (green beans, French beans) are a group of common bean cultivars (Phaseolus vulgaris 
L.) whose immature pods can be consumed as a green vegetables. The main objective of this work 
was to investigate the phenotypic diversity in pod traits from a large panel of snap beans (SBP) 
and establish a core set (Core-SBP) with maximum phenotypic diversity and minimum 
redundancy. 
 
MATERIALS AND METHODS 
Plant Material. A total of 311 snap bean accession collected from European gene banks, working 
collections, and seed companies were included in the SBP. Among these accessions were included 
genotypes classified as landraces, old and elite cultivars, as well as 39 snap bean lines from the 
Spanish Diversity Panel[1]. One homozygous line per accession was obtained by self-pollination 
in a greenhouse of one plant derived from each accession. 
Phenotyping. The SBP was evaluated at Villaviciosa, Spain (43°2901N, 5°2611W; elevation 6.5 
m) in a greenhouse (2018) and field (2020) using a randomized design with a plot per line, and 10 
plants/plot. Phenotypic characterization was based on 14 quantitative and 2 qualitative traits from 
10 pods per line in each trial. Twelve quantitative traits corresponding to morphometric 
measurements (see Figure 1) were digitally phenotyped using Tomato Analyzer software v3[2]. 
The rest of the quantitative (number of seeds per pod, and 25 seeds weight) and qualitative (pod 
color, and main seed coat color) traits were recorded manually. 
Statistical analysis: A HCPC (Hierarchical Clustering on Principal Components) analysis was 
carried out to identify the main clusters from the quantitative pod traits. Statistical analyses were 
carried out using the mean phenotypic data and performed with the packages FactoMineR and 
FactoExtra in the R platform [3, 4]. 
Core-SBP establishment: A hierarchical method was followed to select a subset of lines that 
represents most of the phenotypic diversity gathered in the SBP[5]. The lines were grouped first 
according to the results provided by HCPC and then classified according to the pod color, and 
main seed coat color into each group. 
 
RESULTS AND DISCUSSION 
The SBP lines showed a wide phenotypic variation for all morphological pod traits. For instance, 
pod length (PL) and the number of seeds per pod (NSP) ranged from 7.3 cm (observed in SBP382) 
to 25.86 cm (SBP299), and from 3.7 seeds (SBP280) to 8.75 seeds (SBP012), respectively. Pod 
color phenotype also showed a wide diversity with green (212 lines), yellow (80), purple (7), green 
mottled (11), and yellow mottled (1) pod colors (see https://zenodo.org/record/5557139). 
Additionally, more than half the lines had a seed coat color (170) including cream (22), canella 
(15), brown and dark brown (66), red (4), purple (10), and black (53).  
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HCPC analysis using the 14 quantitative pod traits revealed two main dimensions explaining 78 
% of the variation, and four main clusters (see Figure 1) with significant differences among them 
for shape and size. Considering these four clusters provided by HCPC analysis, the five pod colors, 
and the nine main seed coat colors, a total of 54 different phenotypic classes were identified in the 
SBP. Cluster C was the most diverse with 17 classes followed by cluster A (15 classes), cluster B 
(13), and cluster D (9). The largest class has short green pods and white seed (73 lines included in 
cluster A) followed by the class with medium-length green pods and white seeds (23 lines included 
in cluster B) and a class with medium-length green pods and black seeds (20 lines included in 
cluster B). Finally, the phenotypic diversity of the SBP (N=311) was conserved in the Core-SBP 
(N=54) from the random selection of a single line per phenotypic class identified. The Core SBP 
established is a first attempt to classify snap bean cultivars based on morphological pod traits and 
constitutes a valuable source of traits for future breeding programs and genetic analysis. 
  
Figure 1. Biplot showing the distribution of the 311 snap bean lines considering the two main estimated dimensions 
revealed by Hierarchical clustering on Principal Component Analysis (HCPC). Ellipses representing the clusters were 
drawn considering a confidence interval > 0.8. 
 

 
ACKNOWLEDGMENTS 
This project has received funding from the European Union’s Horizon 2020 research and innovation 
program under grant agreement No 774244 (BRESOV). M J-C is supported by the FPI Grant PRE2019-
091249 financed by MCIN/AEI/10.13039/501100011033 and FSE “El FSE invierte en tu futuro’. IPS2 
benefits from the support of Saclay Plant Sciences-SPS (ANR-17-EUR-0007). 
 

REFERENCES 
[1] Campa et al. 2018. Genes 9(11):518. DOI: 10.3390/genes9110518 
[2] Rodriguez et al. 2010. Journal of visualized experiments. 37. DOI: 10.3791/1856 
[3] F. Husson, et al. 2008. Journal of statistical software 25:1-18. DOI:10.18637/jss.v025.i01  
[4] R Development Core Team. 2018. www.R-project.org 
[5] van Hintum et al. 2000. IPGRI Tech Bulletin N3, Rome Italy 
 

  

List of evaluated traits 

PL – Pod Length 

PLA – Pod Length Area 

PLW – Pod Length Width 

PLP – Pod Length Perimeter 

PLC – Pod Length Curved 

PLPLC – Pod Length Index 

PSP – Pod Section Perimeter 

PSA – Pod Section Area 

PSH – Pod Section Height 

PSW – Pod Section Width 

PSHPSW – Pod Section Index 

PSC – Pod Section Circular 

NSP – Number Seed per Pod 

Seed weight – 25 seed weight 
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INTRODUCTION 
Conventional bean breeding is organized to deliver high yielding, genetically pure cultivars in 
various market classes. However, crossing of elite-by-elite cultivars has led to the reduction of 
genetic diversity, especially in large-seeded beans. We have been exploring the feasibility of 
increasing genetic diversity in cropping systems by using mixtures of common bean cultivars 
instead of monocultures. Numerous studies have demonstrated that cultivar mixture cropping has 
benefits over monoculture cropping in controlling disease, increasing water use efficiency and 
increasing yield stability.  
 
MATERIALS AND METHODS 
Six diverse white bean cultivars (Mist, Rexeter, Bolt, AAC Shock, Nautica, and AAC Argosy - 
recommended by bean growers/processors) were selected for this study. The genotypes were 
evaluated in pure stands and as completely random binary mixtures (1:1 seed number) at two 
University of Guelph research stations (Elora and Woodstock, ON) as RCBD trials (8-row plots 
and 4 replications) over three years (2019-2021). In all mixtures, both genotypic components were 
harvested and analyzed together. Plot-based crop data were collected for the conventional above 
ground traits. Crop data were analyzed using the generalized linear mixed models (Glimmix) 
procedure in SAS (Statistical Analysis System) v.9.4 software (SAS Institute, 2013). The Relative 
Yield of the Mixture (RYM) index was used to evaluate mixing efficiency of biblends with the 
formula: RYM = Yieldmixture / [(Yieldpure 1 + Yieldpure 2) / 2] (Trenbath, 1974). Diallel analysis was 
used to determine general mixing abilities (GMA) of cultivars in pure stands and specific mixing 
abilities (SMA) of their mixtures in PBTools (IRRI, 2014). 
 
RESULTS AND DISCUSSION 
Significant differences were identified among six white bean cultivars and their binary mixtures 
for yield and yield-related traits. Yields from some mixtures were similar to, or better than, the 
average of the two cultivars grown as monocrops and they had RYM > 1. The mixture of Nautica/ 
Argosy (NA) was 3% higher yielding than the best pure stand component (Nautica). Higher yields 
and greater RYMs identified in some bean mixtures may be attributed to a more efficient use of 
limited plant resources (light, water, and nutrients) or greater resiliency to environmental stress. 
The results from this study showed that the identification of the best mixtures needs to be carried 
out using several approaches (trait-, index- and/or diallel-based selection). The best performing 
mixtures were Mist/ Nautica (MN), Rexeter/ Nautica (RN), Rexeter/ Argosy (RA) and Nautica/ 
Argosy (NA) - they had RYM > 1, positive specific mixing abilities (SMA) and high and stable 
yields (YD, Figure 1) averaged over six Ontario environments (location/year). 
 
Implications 
The study evaluated a set of 15 binary mixtures formed from six white bean cultivars (selection 
recommended by bean growers and processors) in two Ontario locations over three years. The 
superior performances of some compatible mixtures indicated that there is a possibility (or even 
an advantage) to establish bean crops with mixtures of cultivars, instead of a single cultivar 
monoculture. Growing crops from mixtures of white navy beans, or mixtures within the same 
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market class of other market classes (such as pinto or kidney beans) might find immediate 
acceptance by bean producers. By planting superior performing mixtures of one market type, 
producers may benefit from crops that have high yield and greater genetic variability to allow them 
to respond to disease or other environmental challenges with resiliency, and uniform appearance 
and do not require sorting into separate market classes. 
 

 
 
Figure 1. Selection of the best performing bean cultivar mixtures based on the yield, RYM index 
and mixing abilities. 
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ANDEAN COMMON BEAN GERMPLASM FROM BRAZIL: A MISSED 
OPPORTUNITY?  
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Concepts of Andean bean diversity were articulated by Singh et al. (1992) whereby three 

races were defined: Nueva Granada (referring to the name of the colonial territory of the northern 
Andes), Peru, and Chile. The governing principles for the definition of races were growth habit 
and adaptation range, which were contrasting for the three suggested races. However, subsequent 
analysis of DNA by AFLP (Beebe et al., 2001) or by microsatellites (Kwak and Gepts, 2009) 
demonstrated that the three races were very closely related, and genetic differences that could be 
detected among races were at best modest. The distinguishing factors among races appeared to 
have resulted from human intervention and selection, likely diverging from a common origin.  

A prior analysis of a core collection of wild Phaseolus vulgaris had revealed at least four 
major groups, with sub-groups within groups. In the Andean accessions, a group suggested to be 
ancestral in northern Peru and Ecuador was recognized as distinct (Tohme et al., 1996) and was 
subsequently renamed as a new species, P. debouckii (Rendon, et al., 2017). Another group 
occurred in Colombia and the northern Andes, while wild beans from Peru, Bolivia and Argentina 
represented subgroups within a broader Andean group (Tohme et al., 1996).  

When a sub-set of Andean wild beans representing the several groups were included in an 
AFLP analysis of cultivated Andean beans, to our surprise most wild types that overlapped with 
cultivated bean were derived from Bolivia (Beebe et al., 2001).  Little attention had been paid to 
Bolivia as a center of diversity of common bean, likely due to the low importance of bean in 
modern agricultural statistics of that country. The very names of the three Andean races (Nueva 
Granada, Peru and Chile) demonstrate the geographic focus of attention in the 1990’s when interest 
was high in understanding genetic diversity. However, the prospect of an early domestication event 
in Bolivia – indeed, what could have been the primary domestication event of the Andean gene 
pool! – invites ample reflection.  

Such an event would imply that cultivated bean expanded to the west, north and south 
through the Andes, to form those three races. Experience with Bolivian wild beans suggests that 
this was feasible, since these had been noted to have wide adaptation in the sense of producing 
seed more readily than other wild beans on the CIAT research station in Cali, Colombia (Orlando 
Toro, pers. com.).  

Furthermore, a domestication event in Bolivia has further implications, given the proximity 
of the Bolivian inter-Andean valleys to Brazil. Normally Brazil is associated with common bean 
of the Mesoamerican gene pool, given its role as the bean producer of greatest volume in the entire 
world, largely in cream-striped (carioca) or small black market classes.  However, a range of 
Andean grain types are native to Brazil, and these are believed to predate the colonial era. Grain 
colors include yellows, cream striped (cranberry), pink striped, red, gray speckled, and black.  If 
the hypothesis about the expansion of cultivated bean from Bolivia is correct, this would imply 
that not only domestication but much of the formation of the modern cultivar phenotype occurred 
in Bolivia, since phenotypically the Brazilian germplasm is similar to that of race Nueva Granada 
in seed size and shape, and in plant growth habit, and selection of this phenotype would have 
occurred prior to dissemination in different directions.  
 



 

BIC vol. 65, 70 

Although similar to other Andean bush beans in general phenotype, over several years of 
observation Brazilian Andean types have been noted to present traits that are uncommon in Andean 
bush beans:  insensitivity to photoperiod; a modest adaptation to low phosphorus soils; type II 
growth habit.  An observation on productivity of a handful of Andean accessions from Brazil under 
high temperatures led us to evaluate a larger collection of 156 accessions from the CIAT gene 
bank. These were evaluated under high temperatures on the Nataima research station of the 
Agrosavia national research institution of Colombia, (365 masl, 28oC average temperature, and 
22oC night temperature).  More than 20 accessions were selected for further study, with 
productivity comparable to bred lines introgressed with genes from P. acutifolius in early efforts 
at breeding for heat tolerance. Preliminary observations on tolerance of the Brazilian accessions 
are being confirmed in subsequent evaluations.  

Finding heat tolerance in Andean germplasm at first seemed counter-intuitive, given our 
concepts of Andean germplasm being adapted to mid-to-high altitudes. However, considering this 
germplasm as having evolved in proximity to the inter-Andean valleys of Bolivia puts these in a 
different light. These valleys descend gradually from more than 2000 masl to the lowlands, 
allowing a gradual adaptation to warmer climates. 

These observations suggest that Andean accessions from Brazil may represent a small but 
unusual and significant segment of the Andean gene pool that warrants more attention. We have 
no way of knowing over what period of time these accessions might have been subjected to 
selection pressures of higher temperature, acid soil, or the associated biotic factors, but it is feasible 
that this could have been many centuries.  It is also of interest that this same region gave rise to 
cultivated peanuts, Arachis hypogea, when Native American plant domesticators recognized a rare 
event of polyploidization. Pineapple and cassava might have been domesticated on the southern 
rim of the Amazon basin. Was this a region of active plant domestication that also contributed to 
cultivated common bean? 

This experience also illustrates the possible pitfalls in permitting current production 
patterns to influence our understanding of the evolution of genetic diversity, either in under-
estimating the historical role of Bolivia in bean domestication, or neglecting the possible value of 
native Brazilian germplasm of Andean origin.  
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INTRODUCTION: Anthracnose is a severe disease in common beans (Phaseolus vulgaris L.); 
resulting in up to 100 percent yield losses (Pastor-Corrales et al. 1994). Cultivars resistant to C. 
lindemuthianum, the pathogen that causes anthracnose, offer a cost-effective, easy-to-use, and 
environmentally friendly management strategy. The common bean California Dark Red Kidney is 
resistant to races 2, 9, 39, 55, 64, 65, 73, 89, 1545, 2047, and 3481 of C. lindemuthianum. The 
resistance locus CoPv01CDRK was fine mapped to a 33 Kb interval on chromosome Pv01, harboring 
five candidate genes (Gonçalves-Vidigal et al., 2020). In the present study, the relative expression 
of the candidate genes close to the CoPv01CDRK locus and other resistance genes was evaluated 
during an incompatible interaction between California Dark Red Kidney common bean cultivar 
with race 73 of C. lindemuthianum. 

MATERIALS AND METHODS: The California Dark Red Kidney (CDRK) cultivar and race 73 
of C. lindemuthianum were used in this study. The plants were inoculated with a spore suspension 
containing 2.0 × 106 spores mL-1 of race 73, at the v3 development stage. Leaf samples of the first 
trifoliolate were collected at 0, 24, 48-, 72-, 96-, and 120-hours post inoculation (hpi) from three 
biological replicates. The total RNA was extracted, purified and the cDNA was synthetized. The 
relative expression of the candidate genes Phvul.001G246000, Phvul.001G246100, 
Phvul.001G246200, Phvul.001G246300, and Phvul.001G245300 proposed by Gonçalves-Vidigal 
et al. (2020) for the CoPv01CDRK locus were obtained. The candidate genes Phvul.001G244300, 
Phvul.001G244400, and Phvul.001G244500 of the Co-AC locus (Gilio et al. 2020), 
Phvul.001G243800 of the Co-12 locus (Zuiderveen et al. 2016) and the known resistance genes 
Phvul.003G109100 (PR1a), Phvul.006G196900 (PR1b) and Phvul.009G256400 (PR2) were also 
evaluated. Quantitative RT–PCR was performed with StepOnePlusTM Real-Time PCR Systems. 
Mean cycle threshold (CT) values were calculated for each gene at each data point. Gene 
expression levels were normalized based on the expression of Phvul.001G133200 (IDE) and 
Phvul.008G011000 (ACT). Relative expression was carried out by the 2-ΔΔCT method (Livak and 
Schmittgen 2001), where: ΔΔCT = [(CT gene of interest – CT Reference gene) time × - (CT gene 
of interest - CT Reference gene) time 0)]. The calibrator condition was the mock. R software was 
used to perform the data analysis, and a heatmap was built using the heatmaply package. 

RESULTS: Among the candidate genes close to the CoPv01CDRK locus we observed that the 
Phvul.001G246300 gene was the most responsive to race 73 of C. lindemuthianum. It was highly 
expressed in the CDRK cultivar at 24, 72, and hpi suggesting its potential in the resistance 
response. This gene encodes an abscisic acid (ABA) receptor PYL5 protein that plays a central 
role in crosstalk between ABA and jasmonic acid (JA) responses.  

Previous studies conducted by Zuiderveen et al. (2016) revealed that resistance to race 73 
of C. lindemuthianum can be attributed to the Co-1 locus, associated with the marker ss715645251, 
located within the exon of Phvul.001G243800. Through expression analysis of candidate genes of 
the Co-12 resistance locus against C. lindemuthianum race 73 the Phvul.001G243800 gene was 
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identified with high levels, being the most responsive gene to the pathogen (Mahiya-Farooq et al., 
2019).  

The present study observed highly expressed candidate gene Phvul.001G246300, known 
as a defense gene, for CoPv01CDRK locus in the California Dark Red Kidney cultivar. Furthermore, 
the Phvul.001G243800 (Co-1 locus) showed low expression in the CDRK cultivar. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Heatmap of relative expression of the candidate genes to the CoPv01CDRK locus (A) and 
other resistance genes (B) 0, 24, 48-, 72-, 96-, and 120-hours post inoculation in the California 
Dark Red Kidney cultivar inoculated with race 73 of C. lindemuthianum. 
 
CONCLUSIONS: Based on different resistance spectra, the physical positions of the molecular 
markers used for mapping anthracnose resistance genes, and relative expression of candidate genes 
for each locus, we conclude that CoPv01CDRK is positioned downstream of the Co-1 locus. 
Likewise, through expression analysis, we identified the candidate 
gene Phvul.001G246300 for CoPv01CDRK as highly responsive to the race 73 of C. 
lindemuthianum in the resistant common bean cultivar California Dark Red Kidney.  
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INTRODUCTION 
White mold (WM), caused by Sclerotinia sclerotiorum (Lib.) de Bary, is one of most important 
diseases affecting the common bean crop (Phaseolus vulgaris L.). The choice of inoculation 
method for the assessment of genotypes is a great challenge in plant breeding for resistance to S. 
sclerotiorum (Ferreira et al. 2019). Furthermore, optimization of the original methods have been 
proposed (Arkwazee and Myers 2017). The comparison between destructive and non-destructive 
methods of inoculation of S. sclerotiorum in common bean has been carried out and the 
implications are discussed in this work. 
 
MATERIALS AND METHODS  
Reaction of common bean lines (VC17, A195, Beryl, Cornell 605 and IPR Corujinha) and 
progenies from a recurrent selection program for WM resistance of UFLA, Brazil (CXII-53/10, 
56/8, 64/9, 59/8 e 64/14) was assessed using two isolates of Sclerotinia sclerotiorum (UFLA 65; 
RP:UFLA 145) that were inoculated using different methods (I and II). The isolates were grown 
on Petri dishes containing BDA medium. The experiment was carried out in a randomized 
complete blocks design with three replicates and three plants per plot. Method I: Straw test 
proposed by Petzoldt and Dickson (1996), that consists of cutting the main stem of the plant above 
the third node and inoculating it with a straw containing the fungus mycelium. Method II: that 
consists of inoculating a straw containing the fungus mycelium in the petiole of the leaf inserted 
in the third node of the plant. Inoculation of plants was carried out 28-35 days after sowing in 
greenhouse with temperatures of <25oC and a humidity of 80%. Severity of WM in plants was 
assessed seven days after inoculation using a diagrammatic scale with scores 1 to 9 (Singh et al. 
2014). The data were submitted to analysis of variance and averages were clustered using the 
Scott-Knott test. Moreover, Pearson correlations were obtained between methods and isolates. 
 
RESULTS AND DISCUSSION 
Correlation between the severity of WM scores of two methods was not observed (Pearson 
correlation coefficient = 0.23, P>0.05). Therefore, there were different physiological responses 
between the non-destructive inoculation with continued metabolism, growth and development 
(Method II) and when its growth was stopped (Method I). We found correlations between the 
isolates in each method (Figure 1). According to Table 1 we observed that mean scores of WM 
severity of genotypes were different for each method except for the Corujinha line that was 
classified as susceptible in all treatments. The classification was according to Paula Jr. et al. (2012) 
(scores 1 to 3: resistant; scores 3.1 to 6: moderately resistant; scores >6.1: susceptible). Method I 
allowed for better discrimination between the genotypic reaction to S. sclerotiorum according to 
the criteria of classification of Paula Jr. et al. (2012).   
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Table 1. Reaction of common bean genotypes to 
the two isolates using the two inoculation 
methods. 

 Cornell 605 e A195 lines were 
classified as resistant to isolate 
UFLA65 and the others were 
moderately resistant and 
susceptible for both isolates. The 
choice of inoculation method 
depends on the objective of the 
breeding program. If the objective 
is to identify genotypes resistant to 
WM or identify the most aggressive 
isolate, Method I would be the most 
useful. Method II is useful when the 
breeder intends to carry out 
hybridizations in inoculated plants, 
that is, the hybridization occurs in 
the same cycle of selection, which 
allows for a reduction in the time 
required to conduct a breeding 
program. Therefore, genetic gain 
can be increased per time unit. 

 

 Genotypes 

Method I   Method II  

Straw test   Straw test 
modified   

RP UFLA 
65   RP UFLA 

65   

CXII-53/10 4.2 C 4.6 C  6.1 A 7.1 A  
VC-17 6.3 B 6.2 B  5.4 B 5.3 B  

CXII-56/8 8.1 A 7.7 A  5.9 A 6.1 A  
CXII-64/9 6.3 B 4.2 C*  6.2 A 6.8 A  
CXII-59/8 8.2 A 5.9 B*  5.3 B 6.4 A  
CXII-64/14 7.4 A 5.3 B*  4.9 B 6.6 A  

A195 5.1 B 2.7 D*  4.5 B 5.3 B  
Beryl 5.8 B 5.5 B  5.0 B 5.2 B  

Cornell 605 3.2 C 2.6 D  5.0 B 4.8 B  
IPR Corujinha 9.0 A 8.2 A   7.0 B 6.7 A  
Means followed by the same letter belong the same 
group (P<0.05) according to Scott-Knott test. 
*Significative differences between isolates by F test of 
ANOVA (P<0.05). 
 

 

 
 
Figure 1. Severity scores of white mold and dispersion of common bean genotypes inoculated 
according to methods I (A) and II (B) with isolates RP and UFLA 65 of Sclerotinia 
sclerotiorum. 
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INTRODUCTION: Anthracnose (Colletotrichum lindemuthianum) and angular leaf spot 
(Pseudocercospora griseola) are among the most important diseases of common bean, causing 
considerable economic losses and increasing production costs. The use of resistant cultivars is the 
most effective and economically viable strategy to control these diseases. Brazilian breeding 
programs have made efforts in the development of cultivars resistant to the main races of C. 
lindemuthianum and P. griseola. The reaction of cultivars to these pathogens is assessed by the 
disease response in experiments with artificial inoculation of the pathogen in seedlings at stage 
V2. Thus, the objective of study was to assess the reaction of elite carioca cultivars of common 
bean to races 65, 73, 81 and 89 of C. lindemuthianum and to races 63-23 and 63-63 of P. griseola. 
 
MATERIAL AND METHODS: Eleven elite carioca cultivars of common bean were evaluated 
for reaction to races 65, 73, 81 and 89 of C. lindemuthianum and to races 63-23 and 63-63 of P. 
griseola. The cultivar BRS Esplendor was used as resistant control to C. lindemuthianum and the 
line MAIII-16159 as resistant control to P. griseola. The experiments were carried out in a 
greenhouse, in a randomized block design with three replications and nine plants per plot. 
Seedlings with fully expanded primary leaves were sprayed with a solution at a concentration of 
1.2 x 106 conidia mL-1 when inoculated with C. lindemuthianum races and 2.0 x 104 conidia mL-1 
when inoculated with P. griseola races. The seedlings inoculated with C. lindemuthianum races 
were incubated in a moisture chamber for 48 h (20 ± 1 °C and >95% relative humidity) under a 
12-h photoperiod. Subsequently, the seedlings were transferred to a greenhouse and assessed for 
the anthracnose response according to the 1 to 9 scale, 12 days after inoculation, as described by 
van Schoonhoven and Pastor-Corrales (1987). The experiments to assess the angular leaf spot 
response were assessed eighteen days after inoculation according to the 1 to 9 scale proposed by 
Librelon et al. (2015). The severity data for each race were submitted to individual analysis of 
variance and the severity mean scores of cultivars were compared to the resistant control using the 
Dunnett’s test (1955). Data analyzes were performed using the GENES software (Cruz, 2013). 
 
RESULTS AND DISCUSSION: The cultivars differed in their reaction to races 65, 73, 81 and 
89 of C. lindemuthianum and to races 63-23 and 63-63 of P. griseola. The cultivars BRSMG 
Amuleto, BRSMG Madrepérola and BRS FC104 were resistant to all races of C. lindemuthianum 
and P. griseola assessed are suitable sources of resistance to these pathogens for use in breeding 
programs (Table 1). The cultivar IAC Formoso was resistant to the four races of C. 
lindemuthianum, but was susceptible to angular leaf spot. The cultivars BRSMG Zape and BRS 
Estilo were resistant to two of the four races of C. lindemuthianum and to the two races of P. 
griseola. The cultivars TAA Dama, BRS FC406 and BRSMG Uai were resistant to only two races 
of C. lindemuthianum, while the cultivars ANFc 9 and Pérola were susceptible to all races of C. 
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lindemuthianum and resistant to only one race of P. griseola. The BRSMG Amuleto and BRSMG 
Madrepérola cultivars stand out, which, in addition to being resistant to anthracnose and angular 
leaf spot, have high commercial grain quality. The cultivar BRS FC104, in addition to having a 
wide spectrum of resistance to anthracnose and angular leaf spot, shows early maturity. 
 
Table 1. Anthracnose and angular leaf spot mean scores of elite carioca cultivars of common bean 
recommended in Brazil. 

Cultivars 
Anthracnose severity mean scores Angular leaf spot 

severity mean scores 

Races of C. lindemuthianum Races of P. griseola 
65 73 81 89 63-23 63-63 

BRSMG Amuleto 1.71 a1 1.66 a 1.56 a 2.16 a 2.44 b1 2.13 b 
BRSMG Zape 1.83 a 4.52  1.65 a 9.00  2.19 b 1.85 b 
IAC Formoso 2.20 a 1.81 a 1.10 a 1.21 a 5.05  3.96  
BRSMG Madrepérola 2.29 a 2.24 a 1.88 a 1.95 a 1.89 b 1.59 b 
BRS FC104 2.32 a 1.61 a 1.72 a 2.07 a 1.71 b 2.12 b 
BRS Estilo 5.27  3.32 a 6.30  2.40 a 1.98 b 2.10 b 
TAA Dama 5.83  1.27 a 1.52 a 9.00  5.69  3.70  
ANFc 9 6.99  7.20  5.85  9.00  5.04  3.36 b 
BRS FC406 8.37  1.78 a 2.00  2.00 a 5.12  3.95  
BRSMG Uai 8.92  2.29 a 4.68  2.05 a 6.00  5.66  
Pérola 9.02  8.08  9.00  9.00  3.34 b 3.50  
BRS Esplendor2 1.76 a 1.11 a 1.04 a 1.87 a     
MAIII-161593         2.14 b 2.19 b 

1Mean scores followed by the same letter in a column do not differ significantly at the 0.05 
probability level with the control using Dunnett's test; 2Resistant control to races 65, 73, 81 e 89 
of C. lindemuthianum; 3Resistant control to races 63-23 e 63-63 of P. griseola. 
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INTRODUCTION: In 2021, field and/or greenhouse evaluations were used to screen 27 
candidate dry bean lines in greenhouse trials and 9 candidate lines in field trials as putative sources 
of white mold disease tolerance in adapted backgrounds. Evaluations were conducted at multiple 
sites located in six states (CO, MI, NE, ND, OR, WA) and in one province in Canada (Quebec). 
Collectively, these locations represent the major bean production areas of the North American 
continent. Multi-site testing is essential for robust evaluation under different environmental 
conditions and with white mold pathogen populations that previous research has shown are 
significantly different in both genetic variation and aggressiveness. 
 
MATERIALS AND METHODS: Greenhouse evaluations were conducted using a straw test that 
consistently identifies sources of physiological resistance in adapted and unadapted bean 
germplasm and requires only a small number of seeds to confirm resistance. Twenty-seven bean 
lines were evaluated, plus G122 (with partial resistance), Bunsi (mostly field avoidance) and Beryl 
(susceptible) that were included as the control lines. Greenhouse evaluations were conducted at all 
locations except ND.  

Field tests were conducted in all locations except CO, which is too dry to produce 
consistent disease pressure. Nine bean lines were evaluated in addition to the three controls 
described above. Unfortunately, data was collected from only four of the locations due to multiple 
causes, most commonly a lack of disease pressure as a result of hot, dry weather during the summer 
growing season. One location was removed due to a common bacterial blight outbreak and no data 
was collected from this site. As in years past, this illustrates the necessity of multiple sites for 
generating data considering weather or other natural complications in field trials. 
 
RESULTS AND DISCUSSION: Results of the greenhouse trials identified six promising 
candidate lines (‘P3-032-2’, ‘M25-13-1’, ‘USG-WM-3-1’, ‘P3-047-1’, ‘ND122454’, ‘USPT-WM-
12-1’) that performed better than the tolerant / resistant ‘G122’ line. These materials represent 
useful sources of resistance with potential for improving pinto bean and the other Durango market 
classes and will be submitted for further testing in 2022. Furthermore, greenhouse results 
demonstrated that an isolate used in MI was more aggressive than those at other sites resulting in 
higher disease severity. Results of field trials were inconclusive. Sites were plagued by 
unprecedented damage to plots from common bacterial blight (WA) and insufficient disease 
pressure (CAN, OR, ND). However, results from just two sites (NE and MI) were able to be 
analyzed but lacked the statistical power to differentiate between the tolerant/resistant check 
‘G122’ from the partially resistant line ‘Bunsi’. Yet numerically, one line was identified 
(‘N19246’) to be more resistant than ‘Bunsi’, but not ‘G122’. 
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Table 1. Greenhouse test mean disease ratings* in 2021 with control lined highlighted in bold. 

Line NE WA OR MI Mean Grouping** 
P3-032-2 3.90 3.00 3.80 5.80 4.10                     K 
M25-13-1 3.20 4.40 4.00 6.20 4.50                    JK 
USGN-WM-3-1 4.50 2.50 4.20 6.70 4.50                    JK 
P3-047-1 4.80 3.00 3.70 6.50 4.50                   IJK 
ND122454 4.30 3.80 4.00 6.20 4.60                HIJK 
USPT-WM-12-1 5.40 2.40 3.70 7.50 4.70             GHIJK 
G122 5.00 4.60 4.10 6.20 5.00           FGHIJK 
Z0726-9-50-1 5.80 3.30 4.00 8.00 5.30           FGHIJK 
P2-087-1 4.90 4.60 4.60 7.40 5.40         EFGHIJK 
WMM-820-1 5.40 4.60 4.30 7.20 5.40         EFGHIJK 
P2-124-1 5.70 3.80 4.80 7.80 5.50         EFGHIJ 
M25-18-1 4.80 5.30 3.70 8.70 5.60         EFGHIJ 
WMM-219-1 5.20 4.50 4.10 8.70 5.60         EFGHIJ 
SR16-1 4.70 5.50 4.20 8.70 5.80         EFGHI 
Z0726-9-55-1 5.80 5.50 3.70 8.10 5.80         EFGHI 
SR9-5 5.70 5.00 3.80 8.60 5.80         EFGHI 
PS18-014-1-1 6.40 3.20 4.90 8.80 5.80         EFGH 
USPT-WM-1-2 6.70 5.20 4.20 7.90 6.00       DEFG 
WM-16079-1 6.50 5.30 3.90 8.90 6.20     CDEF 
Bunsi 7.50 5.90 4.60 6.70 6.20     CDEF 
PT11-13-31-1 5.80 4.40 6.20 8.50 6.20     CDEF 
S18904 7.50 4.70 5.20 9.00 6.60   BCDE 
SR16-2 7.10 7.40 5.60 9.00 7.30 ABCD 
ND132162 7.80 8.60 4.80 8.00 7.30 ABC 
ND172568 7.20 6.70 6.60 9.00 7.30 ABC 
Beryl 7.50 8.10 5.10 9.00 7.40 ABC 
ND121315 8.30 8.20 4.60 9.00 7.50 AB 
NE1-17-36 8.80 7.80 5.10 8.80 7.60 AB 
N19246 7.70 9.00 5.60 8.60 7.70 AB 
B19309 8.30 8.80 6.60 9.00 8.20 A 

* Petzoldt & Dickson scale: 1-3 = resistant, 4-6 = intermediate, 7-9 = susceptible 
**Levels not connected by the same letter are significantly different at 𝛼 = 0.5. 
 
Table 2. Field test mean disease ratings* 2021 with control lines highlighted in bold. 

Line NE MI Mean Grouping** 

G122 3.00 3.00 1.90      C 
N19246 2.00 3.33 2.05      C 
Bunsi 3.00 5.00 2.28    BC 
ND132162 3.00 5.33 2.48    BC 
ND172568 2.00 7.00 3.04    BC 
SR9-5 3.00 5.00 2.50    BC 
SR16-1 4.00 5.67 2.95    BC 
B19309 3.00 5.33 2.60    BC 
S18904 2.00 6.67 2.69    BC 
NE1-17-36 3.00 5.67 2.51    BC 
SR16-2 3.00 8.00 3.13 AB 
Beryl 7.00 8.67 4.29 A 

*CIAT scale- 1-9; 1= no disease, 9 = dead plant. 
**Levels not connected by the same letter are significantly different at 𝛼 = 0.5. 
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INTRODUCTION: Bean rust [Uromyces appendiculatus var. appendiculatus (Pers.) Unger] is 
one of the fungal diseases that most affects the bean crop in tropical southeastern Mexico, 
including the state of Veracruz. This situation is critical because the vast majority of farmers use 
local bean landraces and some improved cultivars that are susceptible to this disease (López et al., 
2012). Rust chemical control increases the cost of production; therefore, the development of 
cultivars resistant to this disease is considered the most appropriate strategy to counteract this 
problem (Esqueda et al., 2020). The objective of this research was to determine the level of 
resistance to rust in a group of recombinant black bean lines evaluated under farmers’ field 
conditions and to identify those that show higher yields than the control bean cultivars. 
 
MATERIALS AND METHODS: A field experiment was conducted in three environments of 
the Orizaba region in the central mountainous zone of Veracruz, Mexico. Two field trials were 
carried out during the fall-winter (October-January) of 2019 with soil residual moisture, and one 
trial in the winter-spring (February-May) of 2020, under field irrigation. The experiment included 
eleven advanced recombinant black bean lines, which were previously assessed for their response 
to artificial inoculation under greenhouse conditions, using different mono-pustule rust isolates 
collected in commercial bean crops across tropical southern Mexico (Garrido et al., 2020). Negro 
Jamapa, Negro Medellín and Verdín cultivars were used as rust susceptible controls. The 
experimental design used was a RCBD with three replications. The reaction of the genotypes to 
the natural incidence of bean rust was determined using the CIAT rust scale of 1 to 9 (Schoonhoven 
and Pastor-Corrales, 1987), as well as seed yield (kg ha-1) at 14% humidity. The disease incidence 
and seed yield data were analysed individually (ANOVA) and jointly; for the separation of means, 
the Least Significant Difference (LSD, α = 0.05) was applied. Correlation analyses were also 
carried out between the rust incidence values and the yield of the genotypes at each evaluation site. 
 
RESULTS AND DISCUSSION: The bean rust significantly reduced bean yield only in the 
winter-spring irrigated environment 2020 (r = -0.61*), due to a significantly higher and earlier 
incidence of this disease (López et al., 2006). In contrast, no correlation was found in both fall-
winter 2019 environments, where beans grew under residual moisture (r = -0.29 ns and r = -0.20 
ns). Nine recombinant bean lines had average rust incidence scores between 1.78 and 3.33, 
indicating that they were resistant to rust under field conditions (Schoonhoven and Pastor-Corrales, 
1987). These bean lines had previously shown a hypersensitivity reaction to rust when assessed 
under greenhouse conditions, indicating that these lines were highly resistant and showed only 
small chlorotic spots without sporulation (Garrido et al., 2020). In turn, the three control cultivars 
presented the greatest damage from this disease (Table 1). From the group of the outstanding bean 
lines with low reaction to rust, Jamapa Plus/XRAV-187-3-4-4 stands out because it was the most 
productive across the test environments. This bean line obtained a statistically similar average seed 
yield of that obtained by two other bean lines, Jamapa Plus/XRAV-187-3-4-1 and Jamapa 
Plus/XRAV-187-3-1-2, and that of check cultivar Verdín, and superior to that of the rest of the 
genotypes (Table 1). The other check cultivars, Negro Jamapa and Negro Medellín, had the lowest 
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average seed yield, mainly because they presented significant rust damage in two of the three 
evaluation environments (data not shown). 
 
Table 1. Average rust incidence scores and seed yield of 14 black bean genotypes assessed under 
field conditions in three environments of Veracruz, Mexico in years 2019 and 2020. 

Genotype Rust incidence  
(scores 1 to 9) 

Seed yield 
(kg ha-1) 

Negro Papaloapan/SEN 46-2-6        3.00      def     1841.78 abcd 
Negro Papaloapan/SEN 46-3-2        4.00  bcd     1793.33   bcd 
Negro Papaloapan/SEN 46-7-7        3.00      def     1714.44   bcde 
Negro Papaloapan/SEN 46-7-10        3.22    cde     1695.11   bcde 
Negro Papaloapan/SEN 46-7-12        3.00      def     1745.00   bcd 
Negro Citlali/XRAV-187-3-1-5        1.78          f     1584.44       de 
Negro Citlali/XRAV-187-3-1-6        1.78          f     1716.56   bcde 
Negro Citlali/XRAV-187-3-1-8        3.78    cd     1614.67     cde 
Jamapa Plus/XRAV-187-3-1-2        2.78      def     1962.33 abc 
Jamapa Plus/XRAV-187-3-4-1        2.00        ef     2043.89 ab 
Jamapa Plus/XRAV-187-3-4-4          3.33    cd     2183.44 a 
Negro Medellín (RC)        5.33 a     1518.56       de 
Negro Jamapa (RC)        4.44 abc     1350.00         e 
Verdín (RC)        5.22 ab     1847.44 abcd 
Location average        3.33     1757.93 
ANOVA ** ** 
LSD (0.05)        1.25       375.78 

RC = Regional check cultivar.  ** = P ≤0.01. Means with the same letters in each column are not 
statistically different according to the Least Significant Difference (LSD, 0.05). 
 
CONCLUSIONS: Under the environmental conditions of the central mountainous zone of 
Veracruz, Mexico, Jamapa Plus/XRAV-187-3-4-4, Jamapa Plus/XRAV-187-3-4-1 and Jamapa 
Plus/XRAV-187 -3-1-2 recombinant bean lines showed resistance to rust under field conditions 
and had significantly higher grain yield than check cultivars Negro Jamapa and Negro Medellín. 
It is important to mention that cultivar Verdín also produced a seed yield statistically similar to the 
most productive lines, despite being significantly affected by rust. 
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INTRODUCTION: In the tropical areas of Chiapas, Mexico, bean production is affected by 
various biotic and abiotic factors, among them, one stands out: the incidence of bean golden yellow 
mosaic virus (BGYMV), whose vector is the whitefly [Bemisia tabaci (Gennadius)] (Cuellar and 
Morales, 2006). In this area terminal drought, particularly during the fall-winter cropping cycle 
where dry beans grow commonly under residual moisture, is combined with acid soils of low 
fertility (Villar et al., 2003). The objective of this research was to identify bean genotypes resistant 
to BGYMV with higher productivity than the Negro Jamapa variety, commonly planted in 
Chiapas. 
 
MATERIALS AND METHODS: During the 2019-20 fall-winter growing cycle, a field 
experiment was conducted under conditions of residual moisture and strongly acidic soil (pH 
ranging from 4.26 to 5.74) across three locations in central Chiapas, Mexico. Eleven advanced 
black bean breeding lines derived from three different crosses (Papaloapan/SEN 46, Negro 
Citlali/XRAV-187-3, and Jamapa Plus/XRAV-187-3) were field evaluated; three improved bean 
cultivars were used as checks, including Negro Jamapa, one of the most planted in Chiapas. An 
RCBD experimental design was used with three replications. The incidence of BGYMV in stage 
R8 was determined using the CIAT scale from 1 to 9 (Schoonhoven and Pastor-Corrales, 1987), 
and seed yield (kg ha-1) at 14% humidity was determined. Data from the three localities were 
analyzed individually and jointly, but for lack of space, only the results of the combined analyses 
of variance are presented. For the separation of means, the LSD test (α = 0.05) was applied. 
Correlation analyses between the incidence of BGYMV and seed yield of genotypes were also 
performed. 
 
RESULTS AND DISCUSSION: BGYMV significantly reduced the seed yield of bean genotypes 
grown in the three evaluation sites (Villa Corzo, r = -0.562 *; CECECH, r = -0.757 ** and El 
Gavilán, r = -0.552 *). This can be because the whitefly and the symptoms appeared as early as 
the V4 bean plant stage, which is when this disease can cause greater damage (López et al., 2002). 
The Jamapa Plus/XRAV-187-3-4-1 breeding line showed the highest susceptible reaction to 
BGYMV, with an average incidence rating of 6.0, significantly higher than the rest of the 
genotypes. In contrast, four genotypes: Negro Citlali/ XRAV-187-3-1-6, Papaloapan/SEN 46-7-7, 
Jamapa Plus/XRAV-187-3-4-4, and the Verdín cultivar showed the highest resistance to BGYMV, 
with reaction scores between 1.67 and 3.22, statistically lower than that of Negro Jamapa. The 
excellent plant reaction to BGYMV of the line Negro Citlali/XRAV-187-3-1-6 and Verdín is 
largely because this cultivar has the co-dominant molecular marker SR2, linked to the bgm-1 gene, 
which confers genetic resistance to this viral disease (Anaya-López et al., 2018). The resistance 
reaction of Negro Papaloapan/SEN 46-7-7 and Jamapa Plus/XRAV-187-3-4-4, may be because 
these breeding lines could carry other resistance genes or have other mechanisms that contributed 
to a more stable resistance response across environments. The latter could be most likely since 
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their parents (Negro Papaloapan and XRAV-187-3) in addition to having the bgm-1 gene; also 
carry a QTL conferring a high level of resistance to BGYMV (Anaya-López et al., 2018). It should 
be noted that these four genotypes also obtained outstanding average seed yields (greater than 934 
kg ha-1) and higher than that of Negro Jamapa (Table 1).  
 
Table 1. Average values of BGYMV incidence and average seed yield of 14 black bean genotypes 
field evaluated in three locations in Chiapas. Mexico, during the fall-winter 2019-20 crop cycle. 

Genotype BGYMV incidence  
(scale 1 to 9) 

Seed yield 
(kg ha-1) 

Negro Papaloapan/SEN 46-2-6     4.00  bcde      780.11       def 
Negro Papaloapan/SEN 46-3-2     4.33  bcd      877.22     cdef 
Negro Papaloapan/SEN 46-7-7     2.11           gh    1070.00 ab 
Negro Papaloapan/SEN 46-7-10     3.33    cdef      924.89 abcde 
Negro Papaloapan/SEN 46-7-12     3.56  bcdef      887.89   bcdef 
Negro Citlali/XRAV-187-3-1-5     3.00        efg      864.89     cdef 
Negro Citlali/XRAV-187-3-1-6     1.67             h      957.22 abcd 
Negro Citlali/XRAV-187-3-1-8     3.44    cdef      924.00 abcde 
Jamapa Plus/XRAV-187-3-1-2     3.89  bcde      989.56 abc 
Jamapa Plus/XRAV-187-3-4-1     6.00 a      762.89         ef 
Jamapa Plus/XRAV-187-3-4-4       3.22      defg    1089.11 a 
Negro Medellín     4.67  b      723.89           f 
Negro Jamapa     4.44  bc      738.11           f 
Verdín     2.56          fgh      934.67 abcde 
Location average     3.59      894.60 
ANOVA     **      ** 
LSD (0.05)     1.134      185.40 

BGYMV = Bean golden yellow mosaic virus. ** = P ≤0.01. Means with the same letters in each 
column are not statistically different according to the Least Significant Difference (LSD, 0.05). 
 
CONCLUSIONS: Under the conditions of residual moisture and acid soils of Chiapas, the lines 
Jamapa Plus/XRAV-187-3-4-4, Negro Papaloapan/SEN 46-7-7, and Negro Citlali/XRAV-187-3-
1-6, and the Verdín cultivar were resistant to BGYMV and had significantly higher average seed 
yield than the check cultivar Negro Jamapa. 
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INTRODUCTION 
Snap beans are widely cultivated in the Badulla district of the Uva province and in the Matale, Kandi, 
and Nuwara Eliya districts of the Central province of Sri Lanka. In these districts, the bean rust 
disease, caused by the fungus Uromyces appendiculatus, produces yield and quality losses 
(Abeysinghe 2009). U. appendiculatus recurrently produces new virulent strains that often infect 
common bean varieties that previously were resistant. Hundreds of different virulent strains of U. 
appendiculatus have been characterized and reported as races. The development of rust resistant 
common bean cultivars requires a detailed understanding of the virulence spectrum of U. 
appendiculatus and the availability of rust resistance genes that can be used to develop cultivars with 
effective resistance. Both topics are unknown in Sri Lanka. The first objective of this study was to 
characterize the virulence of the pathogen. The second objective aimed to identify rust resistance 
genes to develop snap beans with effective and durable rust resistance in Sri Lanka.  

 
MATERIALS AND METHODS 
During the 2017 and 2019 growing seasons, approximate 500 leaves of snap bean varieties with 
visible symptoms of the rust disease were collected from 57 locations in four snap bean-producing 
districts of the Central and Uva provinces of Sri Lanka: 25 locations in Badulla, the largest snap bean 
producing district in Sri Lanka, 12 locations in Kandy, and 10 locations each in the Matale and 
Nuwara Eliya districts. We obtained 57 single pustule isolates to identify the races of U. 
appendiculatus in Sri Lanka. To that end, each of these isolates were individually inoculated on the 
internationally accepted set of 12 differentials cultivars (Steadman et al., 2003). Plants of each 
differential cultivar were evaluated for their reactions to each of the isolates. The virulence 
phenotype of each isolate of U. appendiculatus and the name of the races identified were obtained 
using a standard scale and the binary nomenclature described by Steadman et al. (2003).  
 
RESULTS AND DISCUSSION 
From a total of 57 single pustule isolates of U. appendiculatus collected in four snap bean producing 
districts of Sri Lanka, four different races were identified. These races were: 23-5, 31-1, 31-11, and 
63-21 (Table 1). Race 63-21 exhibited the broadest virulence spectrum; it infected nine (75%) of the 
12 differential cultivars, six Andean and three Middle American. This was followed by race 31-11 
that infected eight (66.6%) of the 12 differential cultivars, five Andean and three Middle American. 
Races 23-5 and 31-1 exhibited a narrower virulence spectrum; both infected six (50%) of the 12 
differential cultivars; albeit not the same cultivars. Race 23-5 infected four Andean and two Middle 
American differential cultivars, while race 31-1 infected five Andean and one Middle American 
differential cultivar (Table 1). From the 24 interactions between the six Andean differential cultivars 
with the four races of U. appendiculatus in Sri Lanka, 20 (83.3%) were susceptible, while only four 
(16.7%) were resistant. Inversely, from the 24 interactions between the six Middle American 
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differential cultivars with the same four races of U. appendiculatus, nine (37.5%) were susceptible 
and 15 (62.5%) were resistant. Thus, the Andean differential cultivars were significantly more 
susceptible (83.3%) than the Middle American cultivars. That is, all four races of U. appendiculatus 
identified in Sri Lanka, were significantly more virulent on the Andean (83.3%) than on the Middle 
American (37.5%) differential cultivars. Specifically, the Middle American differential cultivars 
were significantly more resistant (62.5%) than the Andean (16.7%) differential cultivars to the four 
races. PI 181996, a Middle American differential cultivar having the Ur-11 gene, conferred 
resistance to all four races. Moreover, three other Middle American cultivars were each resistant to 
three races. Conversely, all but one of the six Andean differential cultivars were susceptible to all 
four races. PI 1260418 was the only Andean differential cultivar with resistance to three races. These 
results suggested that the Ur-11, Ur-3, Ur-3+, and Ur-5 genes of Middle American origin, could be 
combined with the resistance in the Andean PI 260418 to develop snap bean varieties with broad 
resistance to all races of U. appendiculatus in Sri Lanka. 
 
Table 1. Races of Uromyces appendiculatus, the bean rust pathogen, occurring on snap bean in Sri 
Lanka identified using the international set of 12 differential cultivars, six Andean and six Middle 
American, and the binary system to name races of the pathogen 

 Bean Differential 
Cultivars 

Rust 
Resistant 
Genes 

Gene 
Pool 

Binary Value 
of susceptible  
cultivars 

Resistant (R) or susceptible (S) 
 reactions of differential cultivars to the 

57 isolates of U. appendiculatus 
Andean differential cultivars 
Early Gallatin Ur -4 A/MA 1 S S S S 
Redlands Pioneer Ur-13 A 2 S S S S 
Montcalm Ur-? A 4 S S S S 
P.C. 50 Ur-9. Ur-12 A 8 R S S S 
G.G.W. Ur-6 A/MA 16 S S S S 
PI 260418 Ur-? A 32 R R R S 
Middle American differential cultivars 
G. N. 1140 Ur-7 MA 1 S S S S 
Aurora  Ur-3 MA 2 R R S R 
Mexico 309 Ur-5 MA 4 S R R S 
Mexico 235  Ur-3+ MA 8 R R S R 
CNC Ur-? MA 16 R R R S 
PI 181996 Ur-11 MA 32 R R R R 
Race designation     23-5 31-1 31-11 63-21 
The virulence phenotype (R or S) of each of isolate of U. appendiculatus and the name of the races 
identified were obtained using a standard scale and the binary nomenclature described by Steadman et al., 
2003 
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INTRODUCTION: Development and utilization of biofortified cultivars is the most effective, 
sustainable, and potentially long‐lasting strategy for reducing micronutrient deficiencies in Africa 
because it ensures wide availability, regular access, and is low cost. Consequently, through the 
global biofortification program initiated in July 2003 by the Harvestplus Challenge Program, many 
breeding programs in Africa have been able to release biofortified (72-83ppm iron and 35-40ppm 
zinc) bean varieties. Unfortunately, in Uganda, the newly released biofortified common bean 
varieties NAROBEAN 3 (MORE 88002) and NAROBEAN 4C (MAC 44) have shown 
susceptibility to anthracnose and Pythium root rot disease in farmers' fields. This drastically limits 
wide use and nutritional benefits associated with these varieties. Genetic resistance is considered 
as the most effective control strategy against these diseases.  

Considering that diseases generally appear in farmers’ fields at the same time, there is a 
need to introgress multiple disease resistances in the background of varieties as the best control 
measure. The backcross breeding method has been largely used to transfer disease resistance genes 
from various resistance sources to elite but susceptible genotypes. To accelerate the process of 
backcrossing, molecular marker-assisted selection (MAS) is being used. Therefore, the present 
study seeks to validate the utility of selected SCAR markers linked to resistance genes for 
anthracnose disease and Pythium root rot for their ability to show polymorphism to introgress 
multiple disease resistances into biofortified bean varieties, NAROBEAN 3 and NAROBEAN 4C.  
 
MATERIALS AND METHODS: Three dominant markers, namely SAB3 (Vallejo and Kelly, 
2001) and SH18 (Awale and Kelly, 2001) linked to the Co-5 and Co-42 anthracnose resistance 
genes, respectively, and the PYAA19800 (Mahuku et al., 2007) linked to the Pythium root rot 
resistance gene were studied for their ability to show polymorphism among resistant and 
susceptible parental genotypes. The genotypes consisted of: i) 10 NABE14/G2333 and 5 
NABE12C/ RWR 719 /G 2333/ Mexico 54 backcross-derived lines generated in our previous 
breeding project funded by the Kirkhouse Trust ABC program, ii) two recurrent parents 
(NAROBEAN 3 and NAROBEAN 4C), and iii)   G2333, RWR719, NABE14 and NABE12C as 
controls. DNA was extracted from young trifoliate leaves of each of the selected lines and analysed 
for presence/absence of positive bands associated with the markers. 
 
RESULTS AND DISCUSSION: The DNA amplification products showed that the SH18 and 
SAB3 amplified the expected band (sizes of 1,100 and 400 bp, respectively) in the 
NABE14/G2333 backcross derived lines (B 93, B 133, B 157, B 160, B189, B 264, 24-1, 6-2, 35-
3 and 35-5) and the genotype (G2333) (Figure 1); these bands were absent in the two recurrent 
parents (NAROBEAN 3 and 4C) and the negative control NABE14. 

While the Pythium root rot resistance-linked marker, PYAA 19, amplified the expected 
band size (800 bp) in the NABE12C/RWR 719/G 2333/Mexico 54 backcross derived lines (KS1-
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650, KS1-299, KS1-649, KS1-1073, KS1-146) and the genotype (RWR 719) (Figure 2); this band 
was absent in the two recurrent parents and the negative control, NABE12C.  

 
Figure 1. DNA amplification products obtained with markers SAB3 and SH18: L-DNA ladder, 1-G2333; 2-B93; 3-
B133; 4-B157; 5-B160; 6-B189; 7-B264; 8-24-1; 9-6-2; 10-35-3; 11-35-5; 12-NAROBEAN 3; 13-NAROBEAN 4C; 
14-NABE14 

 
Figure 2. DNA amplification product obtained with the PYAA 19 marker: L- DNA ladder, 1-RWR719, 2-KS1-
650, 3- KS1-299, 4-KS1-649, 5- KS1-1073, 6- KS1-146, 7-NAROBEAN 3, 8-NAROBEAN4C, 9-NABE 12C    
 
In conclusion, the SAB3 and SH18 showed clear polymorphism between the NABE 14/G2333 
backcross derived lines, G2333 and the recurrent parents, indicating that they can be used in the 
MAS backcrossing procedure to introgress the Co-5 and Co-42 anthracnose resistance genes into 
NAROBEAN 3 and NAROBEAN 4C backgrounds. The PYAA19 marker also showed clear 
polymorphism between the NABE 12C/ RWR 719/G 2333/Mexico 54 backcross derived lines, 
RWR 719 and the recurrent parents, suggesting that it is suitable for use in the MAS backcrossing 
procedure to introgress the Pythium root rot resistance gene into the NAROBEAN 3 and 
NAROBEAN 4C backgrounds. Already the MAS backcrossing programme has been advanced 
through the first four backcross generations (BC1F1 to BC4F1). 
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INTRODUCTION: Under favorable weather conditions ashy stem blight [causal agent: 
Macrophomina phaseolina (Tassi) Goidanich] causes yield losses of over 60% in susceptible 
common bean (Phaseolus vulgaris L.) cultivars (Viteri and Linares, 2021). Low to high levels of 
resistance have been reported in the primary and tertiary gene pools (Méndez et al., 2017; Miklas 
et al., 1998a; Viteri and Linares, 2021). However, common bean breeding lines reported with ashy 
stem blight resistance (e.g., BAT 477, IPA 1, and XAN 176) can have susceptible scores to 
multiple M. phaseolina isolates (Viteri and Linares, 2017; Viteri et al., 2019). Our objectives were 
to (1) evaluate the levels of resistance of new developed breeding lines and (2) compare these new 
genotypes with other known sources of ashy stem blight resistance. 
 
MATERIALS AND METHODS:  Fourteen genotypes including the four breeding lines UPR-
Mp-22, UPR-Mp-34, UPR-Mp-42, and UPR-Mp-48 developed at the University of Puerto Rico 
were evaluated in Isabela and Lajas in 2021 (Table 1). A randomized complete block design with 
four (greenhouse) and three (field) replications were used. Two inoculations of the PRI21 M. 
phaseolina isolate were carried out in each plant according to the methodology described by Viteri 
et al. (2019). Higher ashy stem blight scores were noted at 21 and 42 d after the second inoculation 
for the field and greenhouse, respectively. A 1-9 scale was used to score the disease severity where 
1= no sign of M. phaseolina infection and 9= the fungus infection passed the third node above or 
below the point of inoculation. Genotypes with mean scores of 1-3 were considered resistant, 4-6 
intermediate, and 7-9 susceptible (Viteri and Linares, 2017). 
 
RESULTS AND DISCUSSION: Cultivars ‘Othello’ and ‘Verano’ were susceptible (mean scores 
(≥ 7) while Andean genotypes A 195, ‘Badillo’, ‘PC 50’, and PRA154 had an intermediate 
response (4-6), as expected (Viteri and Linares, 2017 and 2021; Viteri et al., 2019). Nonetheless, 
none of the breeding lines reported with resistance to ashy stem blight such as BAT 477, NY6020-
4, TARS-MST1 and XAN 176 (Méndez et al., 2017; Miklas et al., 1998b; Porch et al., 2012; Viteri 
and Linares, 2017) had a resistant (≤ 3) or intermediate response consistently. In fact, NY6020-4 
and TARS-MST1 were susceptible in all the evaluations (Table 1). In contrast, all the new breeding 
lines had an intermediate and stable response to M. phaseolina. For instance, UPR-Mp-34 had 
significant lower scores than BAT 477 in all the environments with the exception of the field 
screening in Isabela (Table 1). Likewise, UPR-Mp-42 had higher levels of resistance compared to 
TARS-MST1 in both locations and to XAN 176 in Lajas (Table 1). Furthermore, the breeding line 
UPR-Mp-48 may be used to increase the levels of resistance of ‘Bella’, ‘Beníquez’, and ‘Verano’ 
which are the most common white beans planted in Puerto Rico and all of these cultivars were 
susceptible to M. phaseolina (this study; Viteri and Linares, 2017; Viteri et al., 2019). Similarly, 
UPR-Mp-22 should be used in combination with the other UPR-Mp breeding lines and/or 
complementary sources of resistance to incorporate the resistant genes/QTL into common bean 
cultivars of different market classes.  
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Table 1. Mean ashy stem blight disease scores of common bean (Phaseolus vulgaris L.)  genotypes 
to PRI21 Macrophomina phaseolina (Tassi) isolate evaluated at 42 and 21 d after the second 
inoculation in the greenhouse and field, respectively at the University of Puerto Rico in 2021. 

Genotype 
Seed color or 
market class Greenhouse   Field 

    
Lajas 
(February) 

Isabela 
(April) 

Isabela 
(May) 

Lajas 
(September) 

Susceptible cultivars               
‘Othello’ Pinto 9.0a   8.0   8.3   -b 
‘Verano’ White 8.8   7.0   7.5   8.0 
Common bean genotypes reported with resistance to ashy stem blight     
A 195 Canela 4.6   3.8   5.7   6.4 
‘Badillo’ Light-red kidney 3.8   4.3   6.1   6.6 
BAT 477 Cream colored 6.4   7.1   6.4   7.3 
NY6020-4 White 7.3   7.0   6.7   7.8 
‘PC 50’ Red-mottled 4.8   4.1   6.3   6.7 
PRA154 Beige-mottled 4.4   4.1   5.1   4.6 
TARS-MST1 Black 8.5   7.0   7.3   8.7 
XAN 176 Black 7.1   6.2   6.1   7.5 
New breeding lines with partial resistance to ashy stem blight     
UPR-Mp-22 Cranberry type 3.8   4.6   5.0   4.5 
UPR-Mp-34 Cream colored 3.9   3.9   6.0   4.1 
UPR-Mp-42 Black 5.4   5.3   5.0   4.9 
UPR-Mp-48 White 4.4   4.2   5.9   4.7 
Mean … 5.9   5.5   6.2   6.3 
LSD (P ≤ 0.05) … 1.2   1.4   1.0   0.9 

a Ashy stem blight disease severity was scored on a 1 to 9 scale, where 1 to 3= resistant, 4 to 6= 
intermediate, and 7 to 9= susceptible. 
b No-seed was available to include this susceptible check for the evaluation in the field at Lajas.  
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INTRODUCTION: Phytic acid is formed from an inositol precursor and six phosphate groups. It 
is predominantly found in bean cotyledons and catabolized during germination by phytases as a 
source of phosphorous (5). Phytic acid acts as antinutrient to humans by reducing the 
bioavailability of essential minerals, especially iron and zinc (4, 5, 6). Low phytic acid bean 
mutants have been reported to have reduced germination and longer cooking times (8). A greater 
understanding of the relationship between phytic acid, germination, and cooking time in bean seeds 
is needed. In this study, the germination rate, phytic acid content, and cooking times of four dry 
beans were measured in seeds soaked for 0 and 12 hours. The two different soaking times were 
explored because pre-soaking reduces the cooking times of beans significantly (1). The expression 
levels of phytic acid biosynthetic genes were measured in beans soaked for 0, 3, 6, 12, and 18 
hours, as well. Finally, the relationships between these factors were explored. 
 
MATERIALS AND METHODS: Two brown beans [TZ-27 (slow-cooking) and TZ-37 (fast-
cooking)] and two yellow beans [PI527538 (slow-cooking) and Ervilha (fast-cooking)] were 
selected for this study because they have contrasting cooking times. For the RNA sequencing 
(RNA-seq), water uptake, and cooking time assays, the beans were analyzed as previously 
described (5). For the germination rate and phytic acid content assays, the genotypes were 
harvested at Montcalm, MI in 2020, and, for both assays, seeds were tested raw (unsoaked) and 
after soaking for 12 hours. The seed germination protocol by the University of Penn State Root 
Lab was followed (2). One-hundred-and-fifty beans were covered by a plastic bag and incubated 
at 28°C. The number of germinated beans was determined after four days. A bean was considered 
germinated if the tip of the primary root (radicle) had fully protruded through the seed coat. The 
number of germinated beans was divided by the number of seeds in the replicate to obtain the 
germination rate. Phytic 
acid was extracted from 
lyophilized bean flours and 
assayed according to the 
Megazyme kit manual 
(Bray, Ireland, 2019). Data 
was analyzed using the lm 
function in RStudio 
(v1.1.453) (α=0.05) (7). 
The principal component 
plot was created using the 
phenotypic data from these 
experiments with the 
ggbiplot package (9). 
 
RESULTS: Principal 
component analysis of 

Figure 1: Principal component analysis plots grouped by the soaking times [unsoaked 
(US) or soaked (S)] (A) and cooking times (B) of the samples. CT: cooking time; 
WU: water uptake percentage; GD4: germination rate on day four of germination; 
Phy: phytic acid per mg of dry bean flour. 
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the four genotypes grouped by soaking time 
(Figure 1A) and cooking time (Figure 1B) 
revealed PC1 separated the beans by soaking 
time and explained 63.5% of the variation and 
PC2 separated beans by fast and slow cooking 
genotypes and explained 29.7% of the 
variation. Soaking time (0 or 12 hours) had a 
positive association with water uptake 
percentage, whereas it had a negative 
association with cooking time. The 
germination rate of the beans inc reased after 
being soaked for 12 hours. Germination rates 
varied among the four genotypes, with the 
unsoaked brown beans having lower 
germination rates than the unsoaked yellow 
beans. Within each market class, the faster 
cooking beans had a reduced germination rate 
compared to their slower cooking 
counterparts (Fig. 2).  The faster cooking 
yellow bean studied here also had higher 
levels of phytic acid both before and after 
soaking. Soaking, however, did not affect 
phytic acid levels in any of the genotypes 
(data not shown). It is possible that myo-

inositol, a precursor of phytic acid, affected germination rate (8). One gene related to phytic acid 
metabolism, Phvul.010G143500 (myo-inositol oxygenase 1), was upregulated in Ervilha relative 
to PI527538, and was found in a QTL for cooking time and water uptake (5). It catabolizes myo-
inositol, possibly delaying germination. In TZ-27 and PI527538, Phvul.002G005300 (myo-
inositol polyphosphate 5-phosphatase 2) was upregulated relative to TZ-37 and Ervilha, 
respectively, at hour six of soaking. Phvul.002G005300 recycles phytic acid precursors into myo-
inositol, possibly promoting germination. In TZ-27, Phvul.009G121200 (phosphatidyl inositol-4-
phosphate 5-kinase 2) is upregulated relative to TZ-37, and this gene acts upstream of 
Phvul.002G005300. It provides precursors for myo-inositol and phytic acid synthesis. No genes 
related to myo-inositol or phytic acid metabolism were upregulated in the fast-cooking beans (8). 
 
CONCLUSION: In this study, slower germination rates and higher phytic acid levels were 
characteristic of faster cooking genotypes within a market class, particularly Ervilha. Genes 
identified as differentially expressed using RNA-seq may play important roles in germination and 
phytic acid metabolism in beans. Any genetic mechanisms will have to be explored further with 
larger data sets, though, before they can be confirmed. 
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analysis.” BIC, vol. 64, May 2021. (6) Raboy, V. “Approaches and challenges to engineering seed phytate and total phosphorous.” Plant Sci., vol. 
177, no. 4, pgs. 281-96, Oct. 2009. (7) RStudio Team. “RStudio: Integrated development for R.” RStudio, PBC, Boston, MA, 2020. (8) Sparvoli, 
F. and Cominelli, E. “Seed Biofortification and Phytic Acid Reduction: A Conflict of Interest for the Plant?” MDPI Plants, vol. 4, pgs. 728-55, 3 
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Figure 2: Percentages of unsoaked/raw (R) and soaked 
(S) beans with protruding radicles. Soaked beans were 
immersed in water for 12 hrs. Beans were considered 
germinated when the tip of the primary root (radicle) had 
fully protruded through the seed coat. The number of 
protruding taproots was counted after day four (4) of 
germination. Boxplots are an average of three replicates 
with 50 seeds each. Averages with the same letter are not 
significantly different (LSD, α=0.05). 
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ABSTRACT: Wild and domesticated dry beans produce fibrous pod strings, which provide a rigid 
structure that promotes pod opening in wild and dry beans. These fibers are undesirable in cultivars 
grown for pods as vegetables, and non-stringy “snap” varieties have become the market standard 
for this category. Attempts to genetically map pod strings have been inconsistent, with multiple 
chromosomes and multiple regions of Pv02 previously implicated. Here, we conducted QTL 
mapping for pod strings in a RIL population derived from a cross between dry bean (stringy) and 
snap bean (stringless) cultivars. The SNP nearest to PvIND on Pv02 showed the strongest 
association with pod strings, and phenotypes of all RILs matched at least one of the PvIND 
flanking SNPs, supporting the gene’s possible role in regulating pod string formation. 

INTRODUCTION: Fibrous pod suture strings are the ancestral condition in Phaseolus, and these 
work in concert with wall fibers to provide the structure and torsion required for pod shattering (in 
wild beans) and threshing (in dry beans (1)). In snap beans, these pod strings create undesirable 
toughness and were once manually removed from all “string” beans. A dominant mutation leading 
to stringless pods (St) was identified by Calvin Keeney in the variety “Refugee Wax”, and this 
allele is now required in all commercial snap beans grown today. Other loci, such as Ts, may have 
a secondary effect hypostatic to St, leading to partial strings (2, 3). Mapping of pod strings has led 
to the identification of alleles on Pv06 (4) and Pv02 (5, 6). Gioia et al. (5) identified the candidate 
gene PvIND near the St locus, but found “recombinants” between the two at a distance of 7.8 cM 
(~2 Mb (7)). In contrast, Hagerty et al. (6) mapped St to a 500kb region on Pv02, bracketing PvIND. 
Here, we map pod strings in a new population to help resolve conflicting reports of St’s genomic 
position. 

MATERIALS AND METHODS: A recombinant inbred population of 112 lines was developed 
from a cross between ‘A195’ (dry bean, stringy) and ‘6137’ (snap bean, stringless). Each of these 
were field-grown in Corvallis, Oregon, USA in three replicated plots. For each RIL, three full-
sized pods at maximum fresh weight were sampled from each plot, for a total of nine pods per 
RIL. These were evaluated on a scale of 1-3: 1 (stringless), 2 (partial string), and 3 (full string).  
 Genotyping was conducted as described by Arkwazee (8). Briefly, DNA was extracted 
from leaf tissue of each line at the F6 stage. Libraries were prepared for genotyping-by-sequencing 
using the ApeKI enzyme. SNP data were generated using the Tassel 5 analysis pipeline and 
imputation was conducted with Beagle4.1. Linkage maps were constructed in ASMap and QTL 
mapping was conducted with 5678 markers using rQTL. 

RESULTS AND DISCUSSION: A single major QTL for pod strings was identified (Fig. 1). The 
most significant SNP (LOD: 34.7) was also the closest in physical distance to PvIND, at Pv02 
position 43,873,345 (G19833 v.1), 243 kb downstream of PvIND. The other flanking marker was 
at position 42,937,628, 692 kb upstream of PvIND. In all cases, the string phenotype corresponded 
to the genotype at one or both of the PvIND flanking markers, indicating that the major factor 
controlling strings is found between the two. Of the 15 RILs with recombination between the 
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flanking markers, phenotypes matched genotype of the downstream marker in ten and the upstream 
marker in five, closely matching expectations based on the physical spacing of PvIND between the 
markers (observed: 10:5; expected: 11:4; χ2 test p=0.52). This is consistent with the hypothesis  
 Our results are consistent with those of Hagerty et al. (6), who also found that flanking 
markers surrounding PvIND were most associated with pod strings. They contrast with studies 
which have mapped pod strings to other chromosomes (4), which may have segregated for 
secondary genes such as Ts (3). These results also contrast with studies finding considerable 
recombination between PvIND and St (e.g. 7.8cM; (5)), as our results indicate that the gene 
controlling St is somewhere from 3.9 cM upstream to 2.0 cM downstream of PvIND (χ2 test 
boundaries for p<0.05). Genotyping the population at PvIND will be an important step to confirm 
the relationship between PvIND and St.  

Fig. 1. QTL mapping of 
pod strings in the 
A195/6137 population. 
A single major QTL 
was found on 
chromosome Pv02. The 
closest SNP to PvIND in 
physical distance was 
also the most 
significantly associated 
with pod strings. 
Phenotype of all lines 
matched the genotype at 
one or both of the SNP 
markers flanking 
PvIND. The horizontal 
red line represents the 
LOD threshold (3.03). 
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INTRODUCTION: Pacific Biosciences (PacBio) high fidelity long reads sequencing, known as 
HiFi, and scaffolding technologies such as Hi-C, have allowed to produce assemblies with greatly 
improved contiguity and accuracy compared to short read assemblies (Burton et al., 2013; Lam et 
al., 2012). In common bean, several reference genomes have been published, such as for G19833 
and BAT93 (Schmutz et al., 2014; Vlasova et al., 2016). However, BAT93 assembly presents low 
contiguity and is highly fragmented preventing structural variation analysis, including NLR gene 
evolution study, the largest class of disease resistance genes in plants (Richard et al., 2018). This 
prompted us to generate a chromosome scale genome assembly of BAT93 genotype using PacBio 
HiFi reads and Hi-C (Alvarez Diaz et al., 2021). BAT93 is one parent of a reference RILs 
population derived from a cross between BAT93 and JaloEEP558 (Freyre et al., 1998; Chen et al., 
2010). Here, we generated a highly contiguous chromosome-scale genome assembly of genotype 
JaloEEP558 using PacBio HiFi sequencing and chromosome conformation capture data (Hi-C) for 
genome scaffolding. 
 

MATERIALS AND METHODS: High molecular weight DNA from JaloEEP558 young 
trifoliate leaves was sequenced using 1 SMRT cell of PacBio Sequel II system. In parallel, Hi-C 
chromosome conformation capture data were generated. Then, an assembly using HiFi long reads 
was generated and scaffolded using Hi-C data. Gene annotation was performed using homology 
and RNA sequencing evidence to build gene models integrated in EuGene software (release 4.2b) 
(Sallet et al., 2014). Finally NLR loci were predicted using the NLR-Annotator software 
(Steuernagel et al., 2020).    
 

Table 1. Genome assembly and annotation statistics  
 Genotype 
Genomic features BAT93** JaloEEP558 
Assembly length in pseudo-molecules (Mb) 569.4 539.9 
Contig number 1585 1422 
Scaffold number 1441 1315 
Scaffold N50 (Mb) / L50 52.3 /6 49.8/6 
Longest contig/scaffold (Mb) 63.8 62.5 
Number of annotated genes 28526 28129 
Complete BUSCO* (%) 96.7 97 
Number of predicted NLRs 439 383 
Mb: Megabase, *BUSCOs database: Embryophyta (n=1614), ** (Alvarez Diaz et al., 2021) 

 
 
RESULTS AND DISCUSSION: HiFi long reads were assembled into 1422 contigs, 
corresponding to 606.5 Mb and 57X genome coverage. Strikingly, the total size of the contigs 
(606.5 Mb) is very close to the expected size of common bean genome based on flow cytometry 
(637 Mb) (Arumuganathan and Earle, 1991). We performed scaffolding using Hi-C, obtaining 11 
chromosome-scale pseudomolecules with an N50 of 49.8 Mb and an assembly size of 539.9 Mb 
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(Table 1). The remaining unplaced scaffolds were very short (less than 1 Mb) and contained mostly 
repetitive sequences. Finally, 28129 genes were annotated and 383 NLR loci were predicted. 
Compared to BAT93 (439), JaloEEP558 presents less NLR genes (383), and dramatic differences 
were observed for several resistance gene clusters such as the I cluster, located at one end of 
chromosome 2. 
 

 

 

 

 

 

 

 

 

Figure 1. Assembly overview of the 11 chromosome scale scaffolds of JaloEEP558 after Hi-C 
scaffolding. Chromosome numbers were assigned based on G19833 genome (Schmutz et al., 
2014). White and grey blocks represent boundaries between contigs. Scale in Mb is presented to 
the right of the chromosomes. 
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Marker-assisted selection can be a useful tool for introgressing, transferring, combining 

and maintaining traits in a plant breeding program. Herein we introduce new SNP and InDel trait-
linked markers for sharing with the common bean research community via a table in MS-Excel 
format within the Genetics section on the BIC website http://www.bic.uprm.edu/?page_id=91. 

The ‘Beyond SCARs” table (Table 1) is primarily meant to be an interactive resource for 
common bean researchers and breeders. We invite the community to submit markers with utility 
for MAS to add to the list. Feedback from users, concerning the effectiveness of any listed marker, 
will be key to the utility of this resource.   
 Currently, there are 42 markers linked to 27 loci influencing nine traits: resistance to 
BCMV/BCMNV, BCTV, BGYMV, anthracnose, common bacterial blight, rust, and white mold 
diseases, lectin genes and the gene for the slow darkening seed coat trait. Several loci (e.g. I gene, 
Ur-3, etc.) have multiple markers listed because recombination events to separate the markers in 
LD have not been identified yet or if found need further investigation.  Other loci (e.g. bc-2) have 
multiple markers listed because each marker detects a different causal mutation within the 
candidate gene, a ~10,000 bp deletion in race Durango background (bc-2[UI111]) and point mutation 
in navy beans (bc-2[Robust]), or they detect variants within the candidate gene associated with 
different allelic effects (e.g. bc-4, bc-42) (Soler-Garzón et al., 2021). Markers listed for some loci 
(e.g. Co-42, psd) were adopted from the literature.  
 All the SNP and Indels listed in the Beyond SCARs table have primers designed for 
detection of the marker using the Tm-shift assay (Wang et al., 2005). Briefly, each SNP or InDel 
variant has two forward allele specific primers with the 3’ base of each primer matching one of 
the alleles bases, and a reverse common primer. GC tails of different lengths were added to the 5’ 
end of allele specifics primers. Fragments were amplified by standard PCR, with a fluorescent dye 
in each reaction, followed by a melting point analysis performed with a fluorescence-detecting 
thermocycler. Additionally, the resulting PCR products were evaluated for polymorphisms on 4% 
agarose gels in 1 × Tris-Borate-EDTA buffer on a gel electrophoresis system for 4h at 100 volts. 
A DNA dye was added to the gel for visualization of the fragments amplified on a UV imaging 
system. 

About half of the markers in the Beyond SCARs table were incorporated in the CGIAR 
Excellence in Breeding (EiB), KASP low density genotyping platform 
https://excellenceinbreeding.org/module3/kasp, in collaboration with Intertek (Sweden), a 
genotyping service provider.  The key information for converting a Tm-shift assay marker to 
KASPar is the sequence tag in column P of the table. Several markers (e.g. Pvvps4_del for bc-
2[UI111], PvNAC1 for bgm-1) were not transferable to the Intertek KASPar platform. The Intertek 
platform is high-throughput, and can be used for outsourcing MAS, as leaf tissue can be sent to 
the lab and a suite of selected markers can be assayed across multiple plates of 384 genotypes.  
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Table 1. A transposed sample for the Beyond SCARS 
http://www.bic.uprm.edu/?page_id=91 excel file on the BIC website 'Genetics' section 
showing information contained for a single marker.   
A* Trait BCMV 
B Gene/QTL bc-2[Robust] 
C  SNP marker Pvmit-2_C_del 

D 
Reference/Sour
ce Soler-Garzón et al. 2021c 

E Intertek code snpPV00165  

F 
Chromosome  
(G19833v2.1) 11 

G 
Position 
(G19833v2.1)  9278765 bp  

H 
Genetic 
Background  Robust  

I Check line  Sanilac  
J Gene Model Phvul.011G092700 
K Annotation AAA-type ATPase family protein 
L Variant frameshift_deletion 
M Alleles C/- 

N 
Favorable 
Allele - 

O 
primers Sense 
5'→ 3' + 

P 

Seq Tag  
(G19833v2.1) 

….TCCTCGGCCCGACGCAGGTAATTTCTGCGTGATTGCCT
C[C/-]TTCTTCTCAT.....(this tag is purposely shortened for 
display here) 

Q Primer Fa gcgggcagggcggcATTTCTGCGTGATTGCCTCT 
R Primer R CTTCAAAACGCACCTCAAGTATGA 
S Primer Fb gcgggcTCTGCGTGATTGCCTCC 
T Ta 55 
*Letters correspond to the column in the excel file http://www.bic.uprm.edu/?page_id=91 
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INTRODUCTION 
U.S. consumers have greatly intensified their interest in environmental sustainability and 

are seeking credible and reliable information on which to make purchase decisions (1).  Consumers 
are soliciting detailed information from all participants in the dry bean value chain (growers and 
elevator operators, food processors, wholesale distributors, retail marketing and sales companies 
and restaurant chains). This paper highlights the broad array of considerations that must be 
addressed to assure that dry beans will be adequately and appropriately positioned within “the 
agricultural / food sustainability” context.  

Dry Beans as a component of agricultural sustainability: Dry beans are associated with 
several significant elements of sustainability as presented in Table 1.  
 
Table 1. Role of Dry Beans in Sustainable Agriculture Systems 

Genetic Potential & 
Innovations 

Agronomic Practices & 
Outcomes 

Sustainable Food & 
Nutrition Interventions 

Global / Societal 
Impacts & Implications 

Bean Industry 
Standards 

Implementation 
• Nitrogen fixation 
• Drought tolerance 
• Biodiversity and 

productivity 

• Harvest efficiency 
• Field dehydration 
•  Soil health & IPM 
• Nutrient and energy 

cycles 
• Legumes in 

cropping systems 

• Nutrient density 
•  Healthy foods 
•  Shelf-life and food 

waste 
• Plant-based protein 

sources 
• Chronic diseases 

mitigation 
 

•  Global food 
security 

•  Gender equity 
• Infant and child 

mortality 
• Trade access 
 

•  Local, regional and 
international 
sustainability  

•  Standards of 
practice 

• Documentation 

Dry bean marketing and trade associated with dry bean sustainability 
The U.S. dry bean industry markets dry beans and processed products to domestic and 

international venues. Consumer driven inquiries regarding a wide range of aspects about the ethical 
and safe business practices are increasingly routine. Specific details about ingredient origin and 
processes used to market final foods are transparently sought and answers expected. The details 
and expectations for “sustainable foods” are consumer driven aspects for product selection. The 
followings points are considerations that bean growers, traders and processors must be prepared 
to address.  

Consumers’ sustainability requests: Most consumer product companies, including large 
and small food processors, are routinely receiving requests for background information about the 
“sustainability of their products.”  Requests take the form of a need for general information or 
completion of complex and detailed questionnaires about the “sustainability” issues associated 
with the specified product.  The definitions of “sustainable” are often focused on the aspects of the 
agricultural sector of ingredients (beans, peas etc.) and items such as soil fertility and erosion, 
pesticide and herbicide treatments, soil conservation practices, harvesting, handling and storage 
techniques. Further, much attention is given to the life cycle of packaging materials (note: canned 
beans generally get “high marks” for recyclable packaging).  The scope of criteria is often far 
reaching and may include aspects of energy usage, total carbon footprint, labor workforce practices 
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(child labor practices etc.) and conservation efforts. Clearly these are consumer driven requests 
and are likely to increase and will be point of purchase drivers for many consumers. It is most 
apparent that bean processors need scientifically reliable data about production, harvest, storage, 
and transportation of dry beans. Improved authoritative descriptive communication messages 
associated with food safety are urgently needed. Topics for which parties in the value chain are 
seeking information to communicate to consumers and to identify areas for improvement include: 
overall environmental impact of products; water utilization and irrigation requirements; overall 
fertilizer usage; impact of crop production on deforestation; soil fertility practices; crop yield to 
carbon footprint ratio (also protein to yield relationships); on-farm health and safety practices 
impact on workers. The increased value consumers place on sustainability provides a great 
opportunity to emphasize the environmental impact of beans across the value chain, especially in 
comparison to other protein sources.   

Consumers seek “third party” endorsements: Public sector researchers are positioned to 
provide meaningful publications that demonstrate important aspects of dry beans within 
sustainable agricultural systems. Consumers increasingly use external “accreditation” for 
accepting credible and sweeping validations for direct or implied sustainable claims associated 
with foods. Alignment with USDA’s Climate Smart Agriculture Initiative(2) is an example of a 
means for consumers to assess sustainability. Global trade is significantly influenced by 
sustainability.  The European Union (EU) Sustainable Food Systems Initiative(3) focuses on criteria 
used to establish “sustainability.” The current U.S. trade policy agenda directed toward increased 
agricultural crop exports appears to be fully aligned with achieving expectations for enhanced 
sustainability requirements. This initiative is designed to accelerate and facilitate the transition to 
sustainable food systems (optimizing the production, distribution, and consumption of food to 
increase resource efficiency and reduce food waste) in the EU.  Dry beans have great alignment 
potential under these programs.  
RECOMMENDATIONS 

Further research and documentation of results suitable for adequate communication of the 
entire spectrum of topics associated with dry beans as a sustainable food crop are required. The 
U.S. Dry Bean Council (USDBC) recently formed a subcommittee to address the broad issues 
associated with dry bean sustainability.  It is essential that all sectors need to demonstrate 
sustainability protocols throughout the dry bean value chain.  Farmers/growers increasingly need 
to inform dealers, who in turn, sell to processors, who subsequently sell to retailers who finally 
sell directly to consumers.  It is paramount that the sustainability standards address the inherent 
aspects of the dry beans, (multiple levels of genetics, agronomic and distribution practices, and 
food product utilization) that add value to sustainability. Such endeavours must be undertaken in 
a formal manner to assure credible data for each sector for the production, processing, and 
marketing of dry bean products. Thus, compiled information must be suitable for a broad array of 
audiences including the scientific community, trade organizations, and consumers.  Collaborative 
efforts are needed to focus the diverse talent required to appropriately assess the scale and scope 
of sustainability that is evident within the dry bean community.  
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INTRODUCTION: Partitioning of shoot dry matter to pods and remobilization from pod wall to 
the developing grain is an important mechanism of adaptation to drought stress among dry bean 
genotypes (Rao et al., 2007). Yield under stress is enhanced through efficient assimilate 
redistribution in favour of grain production (Beebe et al., 2008). Drought tolerance genes have 
been incorporated into many small-seeded bean genotypes through intensive breeding (Beebe et 
al., 2008), but the mechanisms of adaptation to drought stress have not been adequately addressed. 
Such studies have yet to be reported in East and Central Africa. It is therefore important to 
understand these mechanisms and identify or develop bean varieties that efficiently accumulate 
dry matter, and partition and channel these photosynthates to the grain. This may contribute to 
yield stability of beans under the anticipated frequent and probably severe droughts associated 
with climate change and variability. The objective of this study was to determine if there is 
genotypic variation for physiological and phenological traits associated with enhanced drought 
tolerance in Mesoamerican dry bean genotypes. 
 
MATERIALS AND METHODS: This study was conducted for two seasons at Kabete Field 
Station (1860m) of the University of Nairobi, and in a farmer’s field in Mwea (1550m), Kirinyaga 
County. Eighty-five Mesoamerican dry bean genotypes which included three market classes: navy 
(DNB), small reds (DSR) and mixed colours (DMC), and local and international checks with 
contrasting drought responses, were tested under drought stress and non-stress conditions. The 
experimental design was a split-plot with three replications. Main plots were either irrigated (NS) 
or rainfed (DS). Genotypes were the subplots. The plot size was 3 m long planted with two rows 
each consisting of 30 plants at a spacing of 50 cm x 10 cm. Both DS and NS plots were initially 
grown under irrigation at 80% field capacity. Stress was induced by withholding water at pre-
flowering to maturity for the DS treatment. Shoot, stem, leaf and pod biomass at mid-pod filling 
and stem, seed, pod wall and pod biomass were measured by destructive sampling of a 0.5 m row 
of plants at physiological maturity following procedures described by Rao et al (2007). Sampled 
plants were separated into their respective plant parts, oven dried at 60ºC for 48 hours and dry 
weights recorded. Yield was measured by counting and harvesting the rest of the plants when fully 
dry and taking the seed weights. Soil moisture was monitored from the time of stress induction to 
maturity using the gravimetric method in order to determine moisture differences between the 
treatments. Genstat (13 edition) software was used for data analysis. 
 
RESULTS AND DISCUSSION: The results indicated that under drought stress some genotypes 
such as DSR11-02, DSR11-21, DMC11-10, DMC11-11, DNB11-03, DNB11-07, as well as 
checks like SEA 15, KAT B1 and KATB9, exhibited a tendency to escape drought effects through 
accelerated reproductive development (Table 1). Drought stress reduced grain yield by over 30% 
and harvest index by 15% for most genotypes with the mixed colours recording the highest 
reduction. Under drought stress, grain yield ranged between 400 kg ha-1 and 1,218 kg ha-1, while 
harvest index varied between 34 and 55%.  Significant differences in dry matter partitioning among 
genotypes were observed with high yielding drought tolerant genotypes such as DSR11-08, 
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DMC11-10, DNB11-10 and SEA15 having higher harvest indices than the susceptible genotypes 
like DMC11-14, DMC11-20, DNB11-13 and GLP585. Stomatal conductance was low under 
drought stress conditions, and ranged between 36 and 206 μmol m−2 s−1. There was a strong 
correlation between grain yield under drought stress and plant attributes such as pod harvest index 
(r=0.40***), pod partitioning index (r=0.89***) and stem biomass reduction (r=0.32***). 
Significant genotypic variation in drought tolerance existed among genotypes in the three market 
classes under drought stress and non-drought stress conditions with navy beans showing more 
drought tolerance and mixed colours the least. 
 
Table 1. Plant traits# measured on 23 genotypes grown under irrigated (NS) and rainfed (DS) 
conditions. 

GENOTYPE 
PPI(%) PHI(%) HI(%) SBR(%) PWBP(%) 

Yield in 
kg/ha 

NS DS NS DS NS DS NS DS NS DS NS DS 
DMC 11-10 54 95 69 62 38 33 -42 65 50 37 1302 1005 
DMC 11-12 78 94 37 45 51 40 -24 73 62 55 841 716 
DMC 11-22 61 77 64 67 58 47 -92 68 36 33 987 652 
DMC 11-24 43 52 68 64 53 37 -80 86 35 31 1072 1027 
DNB 11-06 57 73 65 63 40 24 -91 79 38 37 1213 924 
DNB 11-07 67 81 68 58 49 45 -88 72 41 32 1508 1218 
DNB 11-14 73 79 68 45 53 43 -33 48 54 32 952 894 
DNB 11-15 65 80 67 57 47 31 -82 66 42 32 1286 1043 
DSR 11-01 55 57 62 53 40 30 -36 34 48 46 876 810 
DSR 11-03 68 95 66 55 50 33 -77 52 45 33 1281 868 
DSR 11-09 79 97 71 64 52 47 -58 64 35 39 887 704 
DSR 11-12 33 61 65 62 46 33 -29 65 44 37 1122 920 
DSR 11-13 92 97 68 61 56 47 -12 76 58 38 1080 857 
DSR 11-15 79 84 65 53 57 54 -84 72 54 46 978 880 
DSR 11-18 74 83 61 55 56 44 -17 88 69 44 1029 812 
DSR 11-24 79 96 68 64 38 32 -16 54 51 35 1040 858 
GLPX92 69 92 69 63 36 25 -72 70 40 36 811 601 
KATB1 80 84 69 68 33 23 -12 30 33 32 654 528 
KATB9 23 41 68 68 47 31 -23 54 32 32 730 687 
SEA15 47 91 67 52 2 17 -16 79 48 32 943 816 
RCB231 66 67 67 63 54 43 -13 56 37 33 899 788 
SEN56 87 90 62 41 37 28 -20 36 58 38 585 572 
TIO CANELA 86 99 54 57 55 47 -12 47 45 42 773 771 
Mean 66 80 65 59 47 36 -46 64 46 37 938 770 
LSD(P<0.05) 7.3 7.3 2.08 2.08 6.1 6.1 2.9 2.9 2.11 2.11 168 168 

#PPI= pod partitioning index; PHI= pod harvest index; HI=harvest index; SBR=stem biomass reduction; PWBP= 
Pod wall biomass proportion 
 
REFERENCES 
Beebe S.E., Rao I.M., Cajiao and C.M. Grajales, 2008. Selection for drought resistance in common bean 

also improves yield in phosphorus limited and favourable environments. Crop Sci. 48:582-592.  
Rao, I. M., Beebe, S., Ricaurte, J., Cajiao, C., Polania, J., and Garcia, R. 2007. Phenotypic evaluation of 

drought resistance in advanced lines of common bean (Phaseolus vulgaris L.). Paper presented at 
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INTRODUCTION: Common bean (Phaseolus vulgaris L.) is the most important grain legume in 
east, central and southern Africa. However, its productivity is severely constrained by frequent 
droughts. Yield losses up to 60% are common. Okwiri et al., (2009) reported that farmers’ ranked 
drought as the most important constraint in bean production. In this region, beans are mainly 
produced by smallholders who have limited access to seed of improved varieties and irrigation. 
Therefore, bean yield under on-farm conditions still remains below 500 kg ha-1 while the potential 
yield is more than 1,200 kg ha-1. National bean programs in the Eastern Africa region have 
developed many drought tolerant genotypes whose impact has not been felt at the national level 
partly because they are lacking in other farmer preferred traits. Large seeded red mottled, red 
kidney and speckled sugar beans are the most important market class in east, central and southern 
Africa (Kimani, 2004; Wortmann et al, 1998). However, these market classes, which belong to 
race Nueva Granada of the Andean genepool, are susceptible to drought. The involvement of 
farmers through participatory variety selection (PVS) is therefore important to introduce them to 
new potential genotypes that may be superior to their varieties and landraces. Participation of 
farmers during appropriate breeding stages can contribute to the identification of superior 
genotypes with farmer, consumer and market demanded traits which can enhance adoption. The 
objective of this study was to determine criteria used by farmers to identify and select high yielding 
drought tolerant Andean dry bean genotypes. 
 
MATERIALS AND METHODS: Farmer participatory trials were conducted on-farm in 
Kirinyaga County, and on-station at Kabete Field Station, University of Nairobi during the short 
and long rain seasons. The experiments was a split plot design with three replicates.  Irrigation 
treatments (stress and no stress) were the main plots. Eighty-eight Andean bean genotypes were 
the subplots. For the moisture stressed treatment, irrigation was withheld at flowering, but 
continued to maturity for the non-stress treatment. Twenty-seven farmers evaluated the on-farm 
trial at crop maturity during the first season, and 36 farmers participated in the selection during the 
second season.  Thirty-four farmers evaluated the on-station trial during the second season. Both 
male and female farmers participated each season. The ribbon method was employed. Each farmer 
conducted individual selection using coloured ribbons.  Male farmers used yellow to denote ‘like’, 
and red ribbons for ‘dislike’.  Female farmers used white ribbons to tag preferred genotypes, and  
black ribbon for ‘dislike’.  Numbers of ‘likes’ and ‘dislikes’ were recorded for each genotype. A 
focus group discussion followed to determine the criteria used for ‘like’ and ‘dislike’. Yield data 
was subjected to analysis of variance using GENSTAT software.  Least significant difference 
(LSD) test was used to compare the mean yields of the genotypes. 
 
RESULTS AND DISCUSSION: The key characteristics used by farmers in the selection of the 
best genotypes were yielding ability, earliness, resistance to biotic and abiotic factors, seed color, 
growth habit, vigor, plant height, uniform maturity, marketability and the cooking ability. 
Genotypes with indeterminate growth habit were rejected due to their unsuitability for 
intercropping with maize. The local drought tolerant checks including GLP 92 and KAT 69 were 
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found to be inferior to the improved varieties in terms of drought tolerance. This study also 
showed that farmer criteria for selecting drought tolerant varieties overlapped with conventional 
scientific procedures as evident from the analysis of variance. Both approaches identified DRM 
11-17, DRM 11-03, DRK 11-19 and DPC 11-09 as the genotypes with the best yield potential 
(Table 1). In contrast, ‘Kenya Early’ and ‘Kenya Wonder,’ which were the least preferred by 
farmers, also had the lowest yield in drought stressed conditions. There were gender differences 
in ranking of genotypes. Men preferred high yielding varieties irrespective of grain colour, while 
women preferred varieties with red grains. Men rejected climbing varieties as unsuitable when 
intercropped with maize and preferred varieties with high shoot biomass for fodder. Gender 
differences also emphasized the need to involve both men and women in PVS. New bean 
genotypes with better performance under drought than the local checks provide new opportunities 
for producers in drought prone production regions. 

 
Table 1.  Grain yield of bean genotypes in moisture-stressed and non-stress on-farm and on-station 
conditions and frequencies of selection by female and male farmers in Kenya. 

Genotype Grain yield (kg -ha-1) Farmer selection frequency 
 On-station On-farm 
 DS NS DS NS Positive Negative 
DRM 11-03 867.5 909.2 468.5 611.1 9 5 
DRK 11-07 719.6 635.2 280.9 807.9 3 22 
DRK11-22 837.8 671.2 421.1 449.1 17 0 
DRM11-17 803.5 1226.7 341.0 852.7 29 4 
DSS 11-17 740.9 769.8 250.8 145.2 1 12 
DPC 11-02 694.9 720.7 84.2 248.9 1 21 
DRK 11-18 623.5 649.5 379.2 843.4 21 0 
DRK 11-10 867.7 927.3 92.2 409.1 15 14 
KAT 69 555.6 767.1 289.2 632.6 4 18 
DRK 11-19 590.4 711.2 491.1 725.3 18 5 
DRK 11-16 502.6 860.0 453.6 837.3 31 2 
DRM 11-13 517.1 1045.1 293.1 1017.0 17 1 
DPC 11-09 630.6 563.1 249.1 304.1 18 1 
DPC 11-06 482.5 936.7 336.0 751.5 19 11 
DSS 11-01 519.2 570.2 346.3 431.3 21 0 
Kabete Super 729.6 952.1 360.1 535.9 5 4 
KAT 56 360.8 532.5 439.6 262.0 8 5 
GLP 1004 454.7 700.1 297.6 471.7 5 3 
DRK 11-15 462.0 567.2 476.8 746.1 51 0 
DPC 11-01 263.0 604.3 723.9 544.8 4 5 
Miezi Mbili 363.7 610.5 154.6 362.0 3 3 
GLP 92 327.2 686.44 302.3 358.6 1 19 
DPC 11-05 247.4 559.6 115.8 363.2 0 13 
Kenya Early 201.4 1067 71.7 156.5 0 17 
Kenya Wonder 259.0 671.52 164.3 362.4 0 15 
Mean 530.4 757.9 297.7 508.4   
LSD 0.05 (treatments) 76.6 38.9   

 
REFERENCES: Kimani, P.M. 2004. Bean research for development strategy in central and eastern Africa .  Highlights: CIAT 
in Africa  No. 24. Internacional de Agricultura Tropical (CIAT), Kampala, Uganda. 2p; Okwiri P. Ojwang, Rob Melis, Josephine 
M. Songa, Mwangi Githiri and Charles Bett. 2009. Participatory plant breeding approach for host plant resistance to bean fly in 
common bean under semi-arid Kenya conditions. Euphytica170 :383–393; Wortmann, C., R.A. Kirkby, C.A. Eledu and D. J. 
Allen. 1998. Atlas of common bean (Phaseolus vulgaris L.) production in Africa. CIAT, Cali, Colombia, 133p. 
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INTRODUCTION 
Food crops of legumes are important for Sub-Saharan Africa, providing cheaper sources of protein, 
vitamins and minerals for its growing population (Celmeli et al., 2018). Common bean is one of 
the important legumes for direct human consumption worldwide. Its cultivation in West Africa 
and in Ghana particular is new; which is partly due to erratic rainfall conditions, high temperatures 
(day and night), low soil phosphorus availability for which the environment is susceptible 
(Margaret et al., 2014). Common bean is a new crop in Ghana whose consumption among the 
middle class is increasing. It is mainly served as baked beans in hotels and restaurants. The CSIR-
Crops Research Institute in collaboration with other partners has released four micronutrient rich 
varieties of common beans in Ghana, which were not drought tolerant. Climate change is predicted 
to increase global temperatures and reduce rainfall patterns, with adverse effects, particularly, at 
the critical stages of plant growth and development, resulting in significant yield losses. Rainfall 
under future climate change scenarios in SSA will either occur late or stop earlier than usual. It 
has become necessary to improve resilience of smallholder farmers and food security in the midst 
of adverse effects of climate change and global warming; which is a threat to a developing country 
like Ghana. This study evaluated common bean lines for drought tolerance and high yield potential. 
 
MATERIALS AND METHODS 
About 116 common bean lines tolerant to drought with other stress trait attributes (multiple stress 
tolerance) received from the International Centre for Tropical Agriculture (CIAT) in its African 
Centre in Uganda were evaluated under field conditions for seed yield performance. Forty common 
bean lines selected based on yield output of 2.0 tons/ha and above were used for further evaluation 
in a screen house experiment to assess for drought and low-P tolerance. The set-up was a 2 x 2 x 
40 factorial experiment at terminal drought in RCBD with three replications. The study was 
conducted during the dry season (December – February 2019). Temperature-humidity data logger 
(Supco ®. SL500TH. SN: 05151131CF) was set to read and record at three-hour intervals 
throughout the growth period. 
 
RESULTS AND DISCUSSION 
The average day and night temperatures recorded during the growing period were 35.45 ℃ and 
24.95 ℃, respectively, with the maximum temperature recorded at 46.72 ℃ (Table 1). These 
temperature conditions experienced were higher and above the ideal day temperature condition of 
not more than 30.0 ℃ daytime, and not more than 20.0 ℃ at night (López-Hernández & Cortés, 
2019). Higher temperatures reduces number of florets, causes susceptibility of flower abortion and 
subsequent yield reduction in common bean (Beebe et al., 2013; Rainey & Griffiths, 2005). 
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Table 1. Day and Night Temperatures Conditions in Screen-house  

Variable 
     Night  
Temperature  ℃ 

        Day  
 Temperature ℃ 

Average Temperature 24.95     35.45  
Maximum Temperature 30.72     46.72  
Minimum Temperature 18.78      23.08   

 
Table 2. Day and Night Relative Humidity conditions at Screen-house 

Variable 
Night  

% Rel. Humidity 
                Day  

% Rel. Humidity 
Average Relative Humidity 84.84  50.78  
Maximum Relative Humidity 97.9  90.45  
Minimum  Relative Humidity 53.95   17.75   

 
Among the total number of 478 experimental bean plant-accessions (two experimental 

plants were missing), 141 plants did not flower (29.5 %), 70 plants initiated flower buds but had 
flower-abortion (16.64 %), 168 plants initiated pods but later dropped (35.18 %), whilst 99 plants 
produced pod that reached physiological maturity with seeds (20.72 %). The heat stress 
experienced in the screen house identified a differential response to reproductive structural 
development in drought tolerant common bean accessions. 
 The study results identified four SEF bean lines (SEF 15, SEF 47, SEF 60 and SEF 62) as 
superior in their level of heat tolerance as shown in their high frequency of pod and seed formation 
under low-P and drought conditions. These lines are superior in their level of heat compared to the 
SMC, SMN and SMR bean lines. 
 If excessive warm temperature condition could disrupt reproductive structures of common 
bean plants from developing into seeds; then, it presupposes that effects of climate change and its 
associated global warming has serious consequences on food security. Therefore, climate resilient 
crops need to be developed, to curb the consequences of the phenomenon on food and nutrition 
security. 
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INTRODUCTION 
The bean (Phaseolus vulgaris L) is a basic crop of the Latin American diet. It presents different 
growth habits and cycle length (Escalante and Kohashi, 2015). Due to this, its adaptation and 
production can be variable in each region. In the state of Guerrero, irrigated autumn-winter 
sowings have an average production of 0.88 t ha-1 (SIAP, 2021). However, this does not satisfy 
the requirement of the population. Thus, the search for better adapted cultivars and higher 
production in each region is justified. The objective of the study was to determine the cultivars 
with the highest yield and the components that determine it. 
 
MATERIALS AND METHODS 
The study was carried out in Iguala Gro with a warm climate (Aw0, García, 2005) in a clay loam 
soil, pH 8.4, .MO 3.5 % and assimilable N of 45 kg ha-1. The sowing of the cultivars (CV): 
Bayomex and Cacahuate72 of determinate growth habit (GH) type I; Negro Chiapas, Negro 
Veracruz and Jamapa of indeterminate GH (IGH) type II; and Bayo 400, Flor de Mayo RMC and 
Pinto Nacional of IGH prostrate Type III, was on December 18, 2017 at 6.6 plants m-2 (75 cm * 
20 cm). 9 irrigations were applied. Days to emergence, flowering (F) and physiological maturity 
(PM) were recorded. At PM grain yield (GY), grain size (GS), number of grains (GN) and pods 
(PN) and grains per pod (GP) were measured. An analysis of variance and the mean comparison 
test (Tukey α = 0.05) were applied to the variables under study with the statistical package SAS 
version 9.2. 
 
RESULTS AND DISCUSSION 
During the development of the crop, the minimum and maximum mean temperature was 16 ᵒC and 
37 ᵒC before F; 20 ᵒC and 33 ᵒC, from F to PM, respectively. Types II were later for F and PM; 
followed by types III and early type I (table 1). Regarding the GY and its components, the CVs 
under study presented significant changes (Table 1). The highest PN, GN and GY were found in 
type II. Within these Negro Chiapas showed the highest GY with 150 g m-2, followed by Negro 
Veracruz and Jamapa with 130 and 115 g m-2. Type III such as Pinto Nacional, Flor de Mayo RMC 
and Bayo 400 showed a GY of 89, 90 and 89 gm-2, respectively. The lowest was for type I such as 
Cacahuate 72 and Bayomex, which presented 72 and 66 g m-2, respectively. The highest GY (150 
g m-2) was similar to that reported by Escalante et al. (2001) with 159 g m-2 for cv. Michoacán 
12A3 type II planted in the autumn in the region and higher than the regional average of 88 gm-2 
(SIAP, 2021). GY showed a high relationship with F (r = 0.78 **), PM (r = 0.91**), GN (r = 0.96 
**) and PN (r = 0.85 **). The later cultivars presented higher GN, PN and GY. 
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Table 1. Phenology, grain yield and its components, Iguala Gro. Mexico. Autumn-Winter 2017. 

Cultivar Type F 
(days) 

PM 
(daYs) 

GY (g 
m-2) 

GS 
(mg) 

GN 
m-2 

GP PN 
m-2 

Negro 
Chiapas 

II 53 a 110 a 150a 223 d 672a 5 a 134 a 

Negro 
Veracruz 

II 53 a 108 a 130b 192 e 677 a 6 a 113  
b 

Jamapa II 50 a 108 a 115 b 191 e 602 b 6 a 80 c 
Pinto 
Nacional 

III 45 b 101 b 89 c 299 c 298 d 6 a 100 b 

Flor de 
mayo 
RMC 

III 40 c 102 b 90 c 253 b 356 c 5 a 71b 

Bayo 400 III 40 c 102 b 89 c 300  b 297 d 5 a 39  e 
Cacahuate 
72 

I 38 c 90 c 72 d 360 a 200  e 5 a 59 d 

Bayomex I 37 c 93 c  66 d 304 b  217 
d 

5 a 43 e 

Mean  44 101 100 265 415 6 80 
Tukey 0.05  4 7 15 30 42 2 10 

Within columns values with similar letters are statistically equal. F = flowering; PM = physiological maturity; GY = 
grain yield; GS = grain size; GN = number of grains; GP = grains per pod and PN = number of pods. 
 
CONCLUSIONS 
Type II cultivars, and in particular Negro Chiapas, presented the highest yield, followed by type 
III. The lowest corresponded to type II cultivars. The changes in yield presented a high relationship 
with the days to physiological maturity and the number of grains, followed by the number of pods 
and the days to flowering. 
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INTRODUCTION 
The bean (Phaseolus vulgaris L.) is an important crop for the diet due to its nutritional and 
medicinal properties. In Mexico, 87% of the planted area is rainy, which makes it a crop highly 
dependent on weather conditions. The average yield of the Iguala Gro region is 0.91 g m-2 (SIAP, 
2021), which is not enough to supply local consumption. A strategy to increase yield is the 
management of plant population density (Escalante et al., 2015). The objective of the research was 
to determine the effect of population density (PD) on biomass production, grain yield and its 
components in bean cultivars (Phaseolus vulgaris L.) of type I determinate growth habit in a warm 
climate.  
 
MATERIALS AND METHODS 
The sowing of the cultivars (CV) Canario 107 and Cacahuate 72 with type I determinate growth 
habit was on July 15, 2017, in the rainy season in Iguala Gro with a warm climate (Aw0, García, 
2005). The soil is clay loam, pH 8.4, MO 3.5% and assimilable N of 45 kg ha-1, under a randomized 
block design with four replications, two cultivars (larger plot) and four PD (plants m-2) (smaller 
plot) including: 4.16 (80 cm * 30 cm); 8.3 (40 cm*30 cm); 12.5 (40 cm*20 cm) and 25 (40 cm*10 
cm). Days to emergence, flowering (F) and physiological maturity (PM) were recorded. At harvest 
(PM), biomass (TB, dry matter), grain yield (GY), grain size (GS), number of grains (GN) and 
number of pods (PN) and grains per pod (GP) were recorded. An analysis of variance and the 
comparison of mean (Tukey α = 0.05) were conducted with the SAS (version 9.2) statistical 
package. 
 
RESULTS AND DISCUSSION 
The F and the PM were at 37 and 80 days for both CVs and the average minimum and maximum 
temperature during the cycle was 23 ᵒC and 38 ᵒC, respectively, and the sum of the pluvial 
precipitation was 750 mm. Except for PG, the remaining variables showed significant differences 
due to CV and PD. The TB, GY, GN, GS and PN were higher in Canario 107 in comparison with 
Cacahuate 72 (Table 1). The response to PD in TB, GS, GN and PN was of the quadratic type, 
where the highest values were found in the PD of 12.5 plants m-2 (40 cm*20 cm). Similar trends 
in Cacahuate72 beans in a temperate climate were reported by Escalante et al. (2015). 
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Table 1. Grain yield (GY) and its components in bean cultivars with type I determinate growth 
habit as a function of PD in Iguala Gro during the Summer of 2017. 

Treatment TB g m-2 GY  g m-2 GN m-2 GS (g) PN m-2 GP 
Cultivar       
Canario 107 268 a 125 a 548 a 225 a 120 a 4.6 
Cacahuate 72 219 b 102 b 409 b 249 b 91 b 4.5 
Media 243 113 478 237 105 4.5 
Tukey 0.05 40 19 50 20 20 1 
PD (plants m-2)       
4.16 209 c 97 c 420 b 237 a 92 c 4.5 
8.3 243 b 116 b 485 b 241 a 108 b 4.5 
12.5 283 a 134 a 561 a 237 a 123 a 4.5 
25 238 b 113 b 447 b 238 a 99 b 4.5 
Mean 243 106 478 239 105 4.5 
Tukey 0.05 30 15 52 20 15 1 

In columns, values with similar letters are statistically equal according to Tukey, α = 0.05. 
 
CONCLUSIONS 
The days to flowering and physiological maturity did not show changes due to cultivar or 
population density. The cultivars under study showed differences in biomass, yield and its 
components and Canario 107 surpassed Cacahuate 72 in these attributes. The number of grains per 
pod was similar between cultivars. In both cultivars, biomass, yield and its components increased 
with increasing population density up to a maximum of 12.5 plants m-2. At higher densities, these 
attributes decreased. The number of grains per pod was not affected by changes in population 
density. 
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INTRODUCTION: The cultivation of beans (Phaseolus vulgaris L.) has spread throughout the 
world and is considered part of the basic diet due to its nutritional contribution (24.7% protein, 
69.4% carbohydrates and 1.7% lipids) (Lépiz and Ramírez, 2010). According to data from the 
Food and Agriculture Organization of the United Nations (FAO), in 2019 Mexico was the ninth 
largest producer of beans in the world with a total of 879,404 t (3% of world production). In 
Durango, from 2015 to 2019, a 228,000 ha area was planted with an average production of 103,000 
t of grain; having an average yield under rainfed conditions of 460 kg ha-1 (SIAP, 2020). The main 
factors that limit the production and nutritional quality of beans are climatological, soil fertility 
and the presence of pathogenic organisms that cause diseases and pests (Treviño and Rosas, 2013). 
To mitigate the above, chemical fertilizers and pesticides are applied, which cause negative effects 
on the environment and human health. To reduce these negative effects, the use of fertilizers of 
biological origin have been promoted using the microbial degradation and mineralization of 
organic remains from animals and vegetables (Monsalve et al., 2017). The objective was to 
evaluate the effects of organic fertilization on the production variables of Pinto Raramuri beans, 
in Nombre de Dios, Durango. 
 
MATERIALS AND METHODS: The study was conducted in the Tuitán community of the 
Nombre de Dios municipality, Durango, Mexico. Pinto Raramuri beans were sown on an area of  
2 ha with a precision seeder in the spring-summer 2021 cycle, leaving a distance of 10 cm between 
seeds and 76 cm between rows. The agronomic management was carried out in accordance with 
the Agricultural Technical Agenda of Durango and La Laguna (INIFAP, SAGARPA and 
COFUPRO, 2017) under rainfed conditions. Using a randomized block design, the response to 6 
fertilization treatments was evaluated: magrolean fertilizer 100 L ha-1 (Magro); magro fertilizer 
100 L ha-1 + foliar chemical fertilization with Bayfolan Forte® using an intermediate dose (Magro 
+ ½ Chemical); commercial organic fertilizer NB-soil® 40 L ha-1 (NB-soil); commercial organic 
fertilizer NB-soil® 40 L ha-1 + foliar chemical fertilization with Bayfolan Forte® using an 
intermediate dose (NB-Soil + ½ Chemical); foliar chemical fertilization with Bayfolan Forte® at 
full dosage (2 L ha-1) (Chemical); and no fertilization (Control). The production variables 
evaluated were number of pods per plant, number of grains per pod, density (plants ha-1) and yield 
(t ha-1). An analysis of variance was performed on the data and a Tukey comparison test of means 
(alpha = 0.05) was performed using the statistical package InfoStat®. 
 
RESULTS AND DISCUSSION: Foliar chemical fertilization generated the highest bean yield 
(3.47 t ha-1), together with the fertilization with Magro and a half dose of agrochemicals (3.26 t ha-

1). The high yield obtained by these two treatments indicates a direct association with higher plant 
density (273,026.32 and 244,243.42 plants ha-1, respectively) and higher grain weight harvested in 
0.76 m2 (263.5 and 247.5 g), despite not being the treatments with the highest number of pods per 
plant (7.28 and 6.92) (Table 1). The rest of the organic treatments presented better yields than the 
unfertilized control (Table 1), and in the same way were associated with plant densities and grain 
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weight. NB-soil and NB-Soil + ½ Chemical produced the highest number of pods per plant (11.23 
and 11.43), but their intermediate yields (2.11 and 2.25 t ha-1) were not associated with this 
variable. The number of grains per pod did not show a significant difference between the 
treatments. 
 
Table 1. Raramuri Pinto bean production variables, in Nombre de Dios, Durango, for the 2021 
spring-summer cycle. 

a,b,c,d  different literals in the same column denotes significant differences based on Tukey  (P ≤ 
0.05). 
 
CONCLUSIONS: With the use of the organic fertilizers tested, either individually or in 
combination with intermediate doses of a chemical fertilizer, it is possible to increase the yield of 
Pinto Raramuri beans, compared to beans that are not fertilized and can even equal the yield 
obtained when complete chemical fertilization is used, as is the case with the treatment with Magro 
and an intermediate dose of chemical fertilizer. 
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 Variable 
Treatment Pods per 

plant 
 

Beans per 
pod 
 

Grain weight 
in 0.76 m2 (g) 

Density (plants   
ha-1) 

Yield  (t ha-1) 

Magro  9.12 b,c 4.01 a 141.00 b,c 232,456.14 a,b 1.86 b,c 
Magro + ½  
Chemical   

6.92 c,d 4.00 a 247.50 a 244,243.42 a,b 3.26 a 

NB-Soil  11.23 a,b 4.22 a 160.50 b 269,736.84 a 2.11 b 
NB-Soil + ½  
Chemical   

11.43 a 3.87 a 171.00 b 212,171.05 b 2.25 b 

Chemical 7.28 c,d 3.87 a 263.50 a 273,026.32 a 3.47 a 
Control 6.87 d 3.99 a 94.50 c 166,666.67 c 1.24 c 
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INTRODUCTION: Irregular duration in growing season has been observed through the years in 
the state of Durango mainly caused by late frosts, changes in the start of the rainy season and the 
amount of rain and distribution patterns. The use of full-length life cycle common bean cultivars 
has been reinforced due to their high yield potential when late rains (October) are registered, also 
causing the grain discoloration in early to intermediate pinto bean cultivars. Trends for the 
selection of early to intermediate life cycle improved pinto bean cultivars has been practiced 
recently due to actual agrometeorological conditions, mainly observed under rainfed systems. The 
best fit in the available growing season and thus high yielding cultivar has been Pinto Saltillo, 
recommended to be sown before July 15th, but then, the grain quality is damaged by the late rains. 
Improved pinto germplasm has been developed by using multiple and diverse parents to obtain 
intermediate to full-season cultivars with higher yield and premium seed quality. Improved 
common bean lines need to be evaluated to determine yield potential, commercial seed quality and 
maturity under the actual growing season. The objective was to evaluate seed yield for early to 
full-season life cycle pinto common bean lines selected in Durango, México. 

MATERIALS AND METHODS: Improved pinto lines (510) were sown in a field trial 
established under irrigation in Durango, México. The Pinto Saltillo cultivar was included as a 
commercial check. Improved lines were sown on June 29th, 2021, in one row 5 m in length and 
0.81 m apart. Fertilizer was incorporated into the soil at the rate of 35-50-00 (for N-P2O5-K2O). 
Irrigation was applied once to avoid severe water stress in plants and insecticide (Dimethoate) was 
applied three times to control the bean beetle (Epilachna varivestis) and the bean pod weevil 
(Apion sp.). At maturity, plant samples were taken in each improved line for seed yield 
determinations. Plant samples consisted of one row 4 m in length by 0.80 m in width (3.24 m2). 
Days to first flower and physiological maturity (CIAT, 1987) were registered as days after sowing 
(DAS), as well as disease response, seed yield and 100 seed weight. The analysis of the results 
was obtained by using descriptive statistics (mean). 
RESULTS AND DISCUSSION: The amount of accumulated rain in the 2021 growing period 
(786 mm) surpassed the historic local average (357 mm) (Medina et al., 2005). Outstanding rain 
events were registered in October (65 mm) causing significant damage to seed quality in pinto 
bean cultivars sown in late june and early july. The number of days to flowering were higher in 
the selected pinto bean cultivars (44-45 DAS), compared to group average (39 DAS) and the check 
(40 DAS) (Table 1). Symptoms (1) of anthracnose and rust were not observed, while intermediate 
(4-5) symptoms were observed for common bacterial blight (CBB), which is the most frequent 
disease in Durango. Intermediate to full-season maturity was registered in pinto beans (97-100 
DAS) compared to early (< 96 DAS) life cycle germplasm. High yielding improved lines had 
yields of 4,037 to 4,683 to kg/ha, surpassing the check (3,010 kg/ha) and the group average (2,388 
kg/ha). High seed yield observed at this location was due to the high amount of rain, irrigation 
water and soil fertility. Seed weight in all the lines (38.3 to 42.1 g/100 seeds) exceed Pinto Saltillo, 
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enhancing the commercial acceptance of the improved germplasm. Trends in seed yield were 
observed in relation to germplasm life cycle (Figure 1). The genetic improvement of common bean 
in irrigated areas and the adoption of improved cultivars will contribute to a significant increment 
in seed yield and production stabilization, also reducing the use of water. Common bean is an 
useful plant species under irrigation and its cultivation increases yield, reduces the number of 
irrigations (compared to corn) and increases the economic benefits for farmers. 
 
Table 1. Improved lines selected in the pinto common bean seed class. Durango, 2021. 

Code 1DF A R CBB DM Yield kg ha-1 100Seed Wt (g) 
2PT21001 44 1 1 4 100 4683 41.0 
PT21002 44 1 1 4 100 4683 40.8 
PT21003 45 1 1 4 98 4673 40.3 
PT21004 45 1 1 4 100 4387 41.8 
PT21005 44 1 1 4 100 4375 42.1 
PT21006 44 1 1 4 98 4172 41.1 
PT20007 45 1 1 4 100 4171 38.2 
PT20008 43 1 1 4 97 4063 39.2 
PT20009 44 1 1 4 100 4037 40.5 

PT Saltillo 
(check) 

40 1 1 5 91 3010 33.2 

Average 39    89 2388 34.6 
1DF= days to first flower, A= antrachnose, R= rust, CBB = common bacterial blight, DM= days to physiological 
maturity; 2PT = pinto seeds. 
 

 

Figure 1. Influence of the days to maturity on the yield of improved common bean pinto lines, compared 
to the commercial check, under irrigated conditions in Durango, México. 
 
CONCLUSIONS: Yield performance was related to the life cycle in selected pinto seeded 
common bean germplasm and high yielding lines showed intermediate to full-season life cycle. 
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INTRODUCTION: Common bean (Phaseolus vulgaris L.) is an important crop due to its 
multiple benefits on soil fertility, economic income for farmers, and nutritive traits, mainly related 
to the seed protein content (Yadav and Raverkar, 2021). Cooking time of the grain is another 
important trait for which lower values are preferred reducing gas and firewood use. PID 1 and 
NOD 1 are improved common bean cultivars released in 2020 mainly for irrigation areas in the 
state of Durango, México (Rosales et al., 2020a; 2020b). Other high yielding improved lines 
(PT14053) have been developed and validation need to be performed in commercial plots to 
establish their adoption possibilities by producers and consumers. Opaque black common bean 
cultivars, such as NOD 1, Jamapa and Negro Michigan, are considered as preferable only for the 
export markets, as well as Negro San Luis the most popular full-season cultivar with black shiny 
seeds. Evaluation of cultivar adoption and preference is need to increase the efficiency of 
technology transfer programs. The objective was to evaluate yield and grain quality in some new 
improved common bean lines and cultivars grown in commercial plots at Durango, México. 
 
MATERIALS AND METHODS: A commercial plot (1 ha) was established in Durango and La 
Soledad, in the state of Durango, México. Four cultivars (Pinto Saltillo, PID 1, NOD 1 and Negro 
San Luis) were sown on July 10th (Durango) and 13th 2020 (La Soledad). Two lines (PT14053 and 
PT14036) were also included in the Durango plot. Cultivars were sown in strips, consisting of 24 
to 40 rows, 100 m in length and 0.81 m apart. Fertilizer was mechanically incorporated at the rate 
of 35-50-00 (for N-P2O5-K2O) and foliar fertilizer was also sprayed during the flowering period 
and pod set. Irrigation was applied one to three times to avoid severe water stress in plants. 
Insecticide (Dimethoate) was sprayed twice for the control of common bean pod weevil (Apion 
sp.). Data was taken for seed yield, using five to six plant samples harvested in each cultivar. Plant 
samples consisted of two rows, 5 m in length by 0.81 m in width (8.1 m2). At the laboratory the 
content of protein (P), ash (A), crude fiber (CF), fat (F) and nitrogen free extract (NFE) was also 
determined according to the AOAC (1990) recommendations. For each cultivar/line twenty-five 
soaked seeds (18 h) were placed in duplicate on a Mattson cooker apparatus, cooked in boiling 
distilled water, and the average of 100% pin drop time was recorded as the cooking time. The 
analysis of variance was obtained by location using a completely randomized design with 3 to 6 
replications and mean comparisons were performed using the Tukey’s test (p ≤ 0.05), in both cases 
using the SAS ver. 9.4® computer program. 
 
RESULTS AND DISCUSSION: Significant differences (p ≤ 0.05) were detected among cultivars 
for seed yield in Durango, and for seed content of protein, fiber and NFE in both locations (Table 
1). The mean yield was higher in Durango (2,768 kg/ha) compared to La Soledad (1,080 kg/ha). 
The highest yield was observed in the improved line PT14053 (4,423 kg/ha) in Durango, while 
NOD 1 showed the highest yield in La Soledad (1,421 kg/ha). Improved lines (PT14053) derived 
from the crosses including multiple and diverse parents (PTBayacora/Maverick///PTClaro 
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/PTSaltillo//PTSaltillo/PTVilla-2-6) favored seed yield potential. This line will be released as the 
PID 2 cultivar for Northern México. Seed ash varied between 3.8 to 4.5% in Durango, and from 
4.2 to 4.6% in La Soledad. All the cultivars reached statistically similar levels for mineral absortion 
related to the ash content. Protein content was higher in Durango (20.7%), and varied from 17.6% 
(PID 1) to 25.1% (Negro San Luis). In La Soledad protein content varied from 16.9% (PID 1) to 
21.4% (Negro San Luis). This full-season cultivar Negro San Luis registered higher values for 
protein content and this trait was related to its full-length life cycle (115 to 125 days after sowing: 
DAS) favoring the accumulation of elaborated substances; while in early pinto cultivars (<96 
DAS) high content of NFE was related to soluble carbohydrates. 

Low values for fat were found ranging from 0.9 % to 2.3% in Durango and from 0.9 to 
2.6% at La Soledad. Ssignificant differences between cultivars for fat content was not found due 
to high levels of variation between replications. In Durango, most of the cultivars were statistically 
similar for fiber content with values from 2.7% to 3.5% and PID 1 showed the lowest value. In La 
Soledad, Pinto Saltillo had the highest value surpassing all the other cultivars. The highest 
proportion of the seed was observed for the nitrogen free extract, with values ranging from 67.3% 
(Negro San Luis) to 75.9% (PID 1) in Durango and from 68.8 (Pinto Saltillo) to 75.4% (PID 1) at 
La Soledad. Negro San Luis showed lower NFE values in both locations, mainly due to higher 
levels for protein content. 

In Durango, cooking time varied from 60 min in PT14053 to 70 min in PID 1 and Negro 
San Luis; while in La Soledad it ranged from 60 min NOD 1 to 69 min (PID 1). High seed yield 
was observed in improved germplasm, specifically PT14053, which also showed low values for 
cooking time. Higher protein content and lower cooking time were observed for Negro San Luis, 
considered as a preferred landrace grown in the high-yielding areas of Durango and Zacatecas. 
 
Table 1. Yield and seed quality in common bean lines and cultivars grown in Durango, México. 

Cultivar/Line Seed Yield 
(kg/ha) 

Ash Protein Fat Fiber 1NFE 
(%) 

Cooking 
 time (min)   Durango 

2PID 1 2873bcd 3.8 17.6b 0.9 1.9b 75.9a  70a 
PT14053 4223a 4.1 20.5ab 1.5 2.7ab 71.2ab 60b 
NOD 1 2084e 4.5 21.4ab 2.3 2.9ab 68.9ab 66ab 
PT14036 3185bc 4.0 20.8ab 1.0 2.7ab 71.5ab 67ab 
Negro San Luis 1891e 3.9 25.1a 0.9 2.9ab 67.3b 70a 
PT Saltillo 2883bcd 4.0 18.9b 1.2 3.5a 72.4ab 66ab 
Average 2768 4.1 20.7 1.3 2.9 69.9 67 
  La Soledad 
PID 1 729 4.3 16.9b 0.9 2.6b 75.4a 69 
NOD 1 1421 4.6 18.7ab 1.5 3.0b 72.2ab 60 
Negro San Luis 1194 4.6 21.4a 1.4 3.0b 69.7b 62 
PT Saltillo 976 4.2 19.1ab 2.6 5.4a 68.8b 62 
Average 1080 4.4 19.0 1.6 3.5 71.5 63 

1NFE = nitrogen free extract, 2PT = pinto. 
 
CONCLUSIONS: A massive evaluation program of improved lines is required to establish adaptability 
and impact on seed yield, lower cooking time and market quality in Northern México. Negro San Luis is 
an important landrace showing high seed yield, seed quality and nutritional quality. 
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INTRODUCTION 
Physiological, biochemical and health changes occur during seed storage, and the rate at which the 
process takes place depends on the ability of the seed to resist degradation and protection 
mechanisms, which are specific for each plant species (Shaban, 2013). The major aim of seed 
storage is to preserve the initial seed qualities for subsequent planting, and the conditions of the 
storage environment affect these qualities (Hendges et al., 2017). Effective management of storage 
conditions namely temperature, relative humidity (RH) and oxygen are fundamental to preserve 
physiological, biochemical and health qualities of seeds and to promote longevity. Usually, bean 
seeds stored in inappropriate conditions, packaging materials and moisture content result in 
qualitative and quantitative losses. In the Ashanti region, which is in southern Ghana, the weather 
conditions are not conducive for seed storage, especially for legume seeds due to high temperature 
and relative humidity (Asiedu et al., 2005). This challenge in the cultivation of legumes for seed 
results in scarcity and high price for good quality seeds. Thus, there was a need to determine how 
to manage the seed quality in storage for short to medium term storage periods. Research was 
conducted to determine the appropriate seed moisture content, packaging material and storage 
conditions to maintain the initial seed quality over an eight-month period.  
 
MATERIALS AND METHODS 
Seeds were dried to 11 and 8% moisture contents, packaged in plastic containers and polythene 
bags, and stored under ambient and cold storage conditions. Seeds were sampled after 8 months 
for physiological, biochemical and health analyses.  
 
RESULTS AND DISCUSSION 
Results on the physiological quality in this research effort over the period showed that the 
germination percentage ranged from 78-85%, TSW from 22-30 g, root length from 9.4-12.3 cm, 
shoot length from 22-27 cm, seedling vigour II from 260-430, and tetrazolium test from 93-100%. 
For biochemical quality the seed contained 4.1-4.9% ash, 202-281 EC, 2080-2879 ppm K, 10.3-
12.7% MC, 229-296 ppm P, and 23.4-25.1% protein. The predominant fungi species included 
Aspergillus spp., Rhizopus spp., Cladospermum spp., and Penicillium spp.  

     
Figure 1. Germination Test of common bean seeds 
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Seeds of common bean variety Nsroma can be dried to 11% moisture content, packaged in 0.2 mm 
polythene bags and stored under ambient storage conditions to maintain good seed quality for an 
8-month period in the Ashanti region. This recommendation is economical compared to storage 
under cold conditions that involves high electricity and facility maintenance costs. 
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INTRODUCTION: In the Tropics, the common bean weevil (Acanthoscelides obtectus [Say]) 
can cause significant postharvest losses to the common bean (Phaseolus vulgaris L.). The wild 
tepary bean (Phaseolus acutifolius L.) germplasm accession G40199 has been successfully used 
to develop common bean breeding lines with enhanced levels of resistance to this pest (Kusolwa 
et al., 2016). The objective of this research was to screen the Tepary Diversity Panel (TDP) for 
reaction to infestation with the common bean weevil to identify additional sources of resistance. 
 
MATERIALS AND METHODS:  Thirty-four cultivated and 122 wild tepary bean genotypes 
from the TDP were screened for resistance. Twenty adult weevils were placed in 118 cm3 plastic 
containers containing 20 seeds of each genotype. Ten adults were used in containers having fewer 
seed. The tepary bean breeding lines TARS-Tep 23, Tep 90 and Tep 93 were included as 
susceptible checks. At 60 d after infestation (DAI), the number of seed with perforations and the 
number of soft seed were counted. Initial seed weights and seed weights at 60 DAI were measured 
after the second evaluation to calculate percentage seed weight loss. The first and second 
evaluations were conducted during the summer and fall months of 2021. 
 
RESULTS AND DISCUSSION: All the cultivated tepary bean genotypes and breeding lines 
were susceptible to common bean weevil damage at 60 DAI. Only seven wild genotypes had ≤ 
10% damaged or soft seed for both the first and second evaluations (Table 1). Percentages of loss 
of initial seed weights ranged from 0.0 to 3.0% for the resistant wild tepary bean genotypes. These 
results suggest that domestication of tepary bean may have resulted in the loss of valuable genetic 
diversity for bruchid resistance. Four of the resistant genotypes were collected in the United States, 
two were collected in Mexico and the source of one is unknown. Although Shade et al. (1987) 
reported that PI 310803 was resistant to the common bean weevil, as expressed by a longer 
development time, it was not resistant in this study. Correlations from the second evaluation 
between the traits used to measure weevil damage were positive and highly significant for the 
number of visibly damaged and the number of soft seed (0.92) and correlations between % initial 
seed weight loss and numbers of both soft and damaged seed were 0.89. Hundred seed weights of 
the resistant wild genotypes were low, ranging from 1.5 to 7.1 g (Table 1). Nevertheless, there 
were numerous wild genotypes within that range of seed types that were susceptible to the common 
bean weevil. The recent identification of bridging-parents should facilitate interspecific crosses 
and accelerate the introgression of valuable traits such as enhanced levels of common bean weevil 
resistance from tepary into common bean (Barrera et al., 2020).  
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Table 1. Response of tepary bean breeding lines and entries of the Tepary Diversity Panel (TDP) 
when infested with the common bean weevil Acanthoscelides obtectus 
  
TDP 

# 

 ID, Type, 
County of 
origin 

First evaluation Second evaluation 

  

60 d 
# 

soft 
seeds 

60 d 
# 

damaged 
seeds 

Total 
# 

seeds 

60 d 
# 

soft 
seeds 

60 d 
# 

damaged 
seeds 

Total 
# 

seeds 

100 
seed 

weight 
(g) 

% loss 
of initial 
weight 

61 G40078, Wild, 
Texas  1 0 20 0 0 20 2.4 0.2 

68 
G40087, Wild, 
Durango, 
Mexico 

0 0 20 0 0 20 7.1 3.0 

173 G40196, Wild, 
Texas 1 1 20 0 1 20 6.4 0.0 

194 G40214, Wild, 
Arizona 2 0 20 0 0 20 4.3 8.1 

235 G40253A, 
Wild, Mexico  0 0 20 0 0 20 3.3 0.2 

334 
PI 661753, 
Wild, 
Unknown  

1 0 20 0 0 10 1.5 0.0 

341 PI 640989, 
Wild, Arizona 2 0 20 1 0 20 3.1 0.0 

372 
PI 310803, 
Cultivated, 
Nicaragua  

6 6 10 20 18 20 18.7 57.8 

318 

Bawi, PI 
440799, 
Cultivated, 
Arizona 

9 9 10 20 18 20 21.1 53.4 

312 
TARS-Tep 231 

Breeding line 
 

20 20 20 20 9 20 20.6 40.0 

NA TARS-Tep 90 
Breeding line 20 20 20 20 12 20 22.0 46.4 

NA TARS-Tep 93 
Breeding line 20 20 20 20 5 20 16.6 49.0 

1 Porch et al. (2021) Release of tepary bean TARS-Tep 23 germplasm with broad abiotic stress tolerance and rust 
and common bacterial blight resistance. J. Plant Reg. 16:109-119. 
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MEXICO 
52 (618)2998168 
sonia_valdez@hotmail.com 
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Giseli Valentini 
4416 Tonquil Pl. 
Beltsville, Maryland 
20705 
240-615-1333 
giselivalentini@hotmail.com 

 Arlene Valmadrid 
East-West Seed Co., Inc.  
Km 54 Cagayan Valley Road  
Sampaloc, San Rafael, Bulacan  
3008, Philippines 
(044) 766-4952 to 57 
arlene.dionglay@eastwestseed.com 
 

 Gerthon van de Bunt 
Pop Vriend Seeds B.V. 
P. O. Box 5 
NETHERLANDS 
31-22859-1462 
gvandebunt@popvriendseeds.nl 
 

Shanice Van Haeften   
Queensland Alliance of Agriculture and 
Food Innovation Institute (UQ) 
s.vanhaeften@uqconnect.edu.au 

 Ana Vargas 
Dept. of Plant Sciences 
51 Campus Drive, U. of Saskatchewan 
Saskatoon, SK S7N 5A8   
CANADA   
anavargaspal.2@gmail.com; 
agv937@mail.usask.ca 
 

 Greg Varner 
MI Dry Bean Res. Board 
8439 N. Blair Road 
Breckenridge, MI 48615-9726 
989-751-8415 
varnerbean@hotmail.com 
 

Elise Vendeuvre 
Vilmorin-Mikado SAS 
Route Du Manoir 
49250 La Menitre 
FRANCE 
elise.vendeuvre@vilmorinmikado.com 
 

 Rogerio Faria Vieira 
Grain Legume Researcher 
EPAMIG - Vila Gianetti 47 
Vicosa, MG 36571-000  
BRAZIL 
55-31-3891-2646 
rfvieira@epamig.br 
 

 Pedro Vidigal Filho 
Av. Colombo 5790-cep:87020-900 
Univ. Estadual de Maringa 
Maringa,Parana,87020-900 
BRAZIL 
442635036 
vidigalfilhop@gmail.com 
 

Diego Viteri 
Condominios Laderas del Mar 202 
Aguadilla, PR 00603 
dviterid@hotmail.com 
 

 Eric vonWettberg  
University of Vermont 
Eric.Bishop-Von-Wettberg@uvm.edu 

 Oswaldo Voysest 
1225 Bushnell St 
Beloit, WI 53511-6430 
608-313-8606 
ovoysestv@aol.com 
 

Dan Wahlquist 
Syngenta Seeds, Inc. 
6338 HWY 20 - 26 
Nampa, ID 83687 
208-465-8510 
dan.wahlquist@syngenta.com 
 

 J. G. Waines 
Botany and Plant Sciences 
University of California 
Riverside, CA 92521-0124 
951-682-3838 
giles.waines@ucr.edu 
 

 Jenn Walker  
Alberta Pulse Growers 
jwalker@albertapulse.com 

Zoe Wall  
University of Wyoming  
ZWall@uwyo.edu 

 Lyle Wallace 
3405 NW Orchard Ave 
Apt 252 
Corvallis, OR 97330 
847-942-2849 
LW2671@gmail.com 

 
 
 
 
 
 
 
 

 

 Ning Wang   
Canadian Grain Commission 
ning.wang@grainscanada.gc.ca 
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Weijia Wang  
Michigan State University 
wangwe33@msu.edu 

 Jim Weller  
University of Tasmania 
Australia  
Jim.Weller@utas.edu.au 

 Ivo Eduardo Wellington 
Thereza Cristina de Jesus Julião,  
nº740 
Jardim Nova Aparecida 
Jaboticabal, SP CEP: 14883-296 
BRAZIL 
wellington_ie@hotmail.com 
 

Molly Welsh 
P.O. Box 6 
Colton, WA 99113 
509-330-0546 
wandh@pullman.com 
 

 Jeffrey White 
2414 West Shawnee Drive 
Chandler, AZ 85224 
USA 
480-772-0145 
jeff.white.az@gmail.com 

 Jason Wiesinger 
USDA Robert Holley Center for 
Agriculture and Health 
Cornell University 
Ithaca, NY 14853  
607-255-8002 
jaw456@cornell.edu 
 

Jennifer Wilker 
University of Wisconsin-Madison 
Madison, Wisconsin 
jlwilker@wisc.edu 

 Martin Williams  
USDA-ARS 
Urbana, Illinois 
martin.williams@usda.gov 

 Donna Winham 
Food Sci. and Human Nutrition  
Iowa St. Univ. 
Ames, IA 50010 
515-294-5040 
dwinham@iastate.edu 
 

Andi Woolf 
Idaho Bean Commission 
821 W. State St. 
Boise, ID 83702 
208-334-3520 
andi.woolf@bean.idaho.gov 
 

 Evan Wright 
Michigan St. Univ. 
4450 Beaumont Rd. 
Lansing, MI 48910 
517-355-2287 
wrigh294@msu.edu 
 

 Stephen Yeboah 
CSIR–Crops Research Institute Kumasi, 
Ghana  proyeboah@yahoo.co.k 

BaiLing Zhang 
Agriculture and Agri-Food Canada 
bailing.zhang@agr.gc.ca 
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2021 FINANCIAL STATEMENT 
BEAN IMPROVEMENT COOPERATIVE 

 
 
  
BALANCE AS OF January 1, 2021  $     38,409.64 
 
 
INCOME 
  2021  
 2021 Membership dues and Registrations  $  10,400.00   
 BIC Meeting Reimbursement (from NAPIA)  $    7,473.96  
 BIC Meeting Sponsorships  $    9,700.00  
 Bank Interest  $           0  
               TOTAL INCOME       $   27,573.96  
    
   
EXPENSE  
 Labor charges  $            0  
 Postage, Copy Charges and Office Supplies  $          29.00   
 Pdf & Book editing and publishing fees  $        543.80  
 BIC-NAPIA virtual meeting platform  $   26,789.90  
 BIC Student Awards  $        600.00  
 PayPal Fees  $        303.94  
 Bank Fees  $        133.00  
 TOTAL EXPENSE  $    28,399.64    
    
    
    
   
BALANCE AS OF December 31, 2021 $     37,583.96 




