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			Abstract | Common beans (Phaseolus vulgaris L.) being dual purpose (vegetable plus legume) is grown worldwide and in Pakistan specifically in the Himalayan range. Local landraces cultivated in traditional farming systems are the sole source of its production. 108 land races of beans including 96 landraces of Himalayan region, the ten Mesoamerican and the two Andean genotypes were evaluated at three locations during 2015 and 2016 at the Summer Agricultural Research Station Kaghan, Batakundi Potato Seed Farm Batakundi and Agricultural Research Station Baffa, Mansehra. This two year study is pioneer in Pakistan with an objective to document the characteristics of common bean landraces originating from the three different regions (Himalayan, Mesoamerican and Andean). Furthermore, diversity in qualitative traits (leaf color, leaf pubescence, hypocotyls pigmentation, flower color, pod color, growth habit, dry pod color, pod curvature, pod beak position, pod beak orientation, seed shape, seed coat pattern and seed color) was studied by using standard Chi square test for homogeneity of populations. Results showed that agro climatic conditions have no influence on the qualitative traits. Secondly, each landrace has its own specific and distinguishing trait like flower color, growth habit. Moreover, the traits were found highly heritable and genetically controlled as no environmental influence was observed based on two years data. Therefore, these traits can be considered to identify and distinguish landraces from each other, may be used as morphological markers in maintaining germplasm purity. 
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			Introduction

			Common bean (Phaseolus vulgaris L.) is an annual, predominantly self-pollinated leguminous crop grown worldwide in a broad range of environments and cropping systems (Fetahu et al., 2014). The rate of outcrossing in common bean is below 5% (Gepts et al., 2008). It is morphologically diverse crop with distinguishable qualitative and variable quantitative traits (Joshi et al., 2009). Generally, genetic variation in bean’s landraces is considerably high and has the most diverse population of cultivated crops (Frankel et al., 1995; Qualset et al., 1997). Qualitative traits are deemed useful for assessment of genetic diversity and its relationship in different crop species. High morphological diversity among genotypes is helpful in recombination of genotypes for important economic qualitative and quantitative traits (Balkaya et al., 2005). Therefore, due to high genetic diversity, the landraces are considered as a valuable source of novel genes for the development and maintenance of improved crop cultivars, conserved and protected for future generations (Soleri and Smith, 1995).

			Plant landraces represent a repository of a gene pool, local adaptation of domestic species, and thereby are a great source of genetic variations. Such genetic variation can be helpful to mitigate the current and future food challenges. The nature and magnitude of genetic diversity present in any crop species is a key element for the conservation and utilization of genetic resources. Consequently, characterization and differentiation of the native landraces, being a primary source of diversity, is important step in crop improvement and breeding programs.

			The traits to distinguish and characterize landrace are seed color, seed shape, growth habit, pod color and flower color. Pubescence of leaf, stem and pod is one of qualitative traits in common beans which protect it from insects/ pests. The common beans varies morphologically in growth type, vegetative traits, pigmentation, flowers, pods and seed characteristics (Singh, 2001a; 1982; Singh et al., 1991b) and these differences are used as tools for crop improvement strategies. 

			In Pakistan, common bean is a traditional crop. A number of landraces are grown as sole and intercropped with maize. Seed production is a domesticated practice managed by farmers that needs experience, traditional skills and favorable agro-ecological conditions. Moreover, the economic return from the crop is dependent on achieving the high genetic gain in terms of yield as well as ritual, culinary and market desirable traits (tasteful, easy cooking, thin peel) (Cleveland and Soleri, 2007). High profit can be achieved from utilizing physiological and qualitative traits of the indigenous genetic resources by adapting to the local agro climatic conditions with possible tolerance to biotic and abiotic stresses (Vakali et al., 2009) and uniform structure. 

			Characterization based on qualitative traits was important to describe the diversity and distinctness of common beans landraces collected from the Himalaya region of Pakistan. The objective of this study was to characterize and differentiate common beans landraces based on qualitative traits. The characterization focused on the relationship between qualitative traits and geographical origin. 

			Materials and Methods

			Meteorological data

			The Meteorological data of experimental sites (the Summer Agricultural Research Station Kaghan, Batakundi Potato Seed Farm Batakundi and Agricultural Research Station Baffa, Mansehra) is given in Table 1.

			Plant materials

			Plant material comprised a total of108 accessions, out of which 96 landraces collected from the remote and hilly areas of Pakistan, situated in the Himalaya region and 12 were exotic accessions including the 10 Mesoamerican and the two Andean genotypes imported from Washington State University USA (Table 2). Indigenous experimental material was planted at Summer Agricultural Research Station Kaghan for uniformity and seed multiplication. The exotic accessions represent the Mesoamerican and Andean centers of domestication including Mexico, Bolivia, Columbia and Peru etc. 

			Experimental Sites, design and procedure

			During 2014, the experimental material was collected from the Himalaya region of Pakistan and the single seed of each genotype was planted at the Summer Agricultural Research Station, Kaghan to get uniformity and seed multiplication. 108 including 96 landraces of Himalayan region, the ten Mesoamerican and the two Andean genotypes were evaluated at three locations during 2015 and 2016. The experiments were planted during the cropping season of 2015 and 2016 at the Summer Agricultural Research Station Kaghan, Batakundi Potato Seed Farm Batakundi and Agricultural Research Station Baffa, Mansehra. Field trials were planted in the Alpha Lattice design with three replications. The crop was sown in the month of June in both years in 2 rows of 5m length with 60cm row spacing and 35cm plant to plant distance. All the standard crop husbandry practices were applied throughout the cropping season. Harvesting was done at maturity of accessions. 

			Traits measurements

			Data were recorded for 13 qualitative traits i.e. Leaf color, hypocotyls pigmentation, leaf pubescence, growth habit, flower color, pod color, dry pod color, pod curvature, pod beak position, pod beak orientation, seed coat pattern, seed color and seed shape. Out of which, three traits were binary while 10 traits were nominal. Data were recorded according to the 

			Table 1: Meteorological Data of Experimental Sites.
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							Kaghan 

						
							
							Longitude 
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							Elevation

						
							
							2015
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							Max
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							73.5253o
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							August

						
							
							19

						
							
							30

						
							
							24

						
					

					
							
							September

						
							
							16

						
							
							28

						
							
							21

						
					

					
							
							October

						
							
							12

						
							
							24

						
							
							17
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							73.2194 o
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			Source:  Meteorological department Khyber Pakthunkhwa Pakistan

			International Board of Plant Genetic Resources (IBPGR, 1982) descriptors of Phaseolus vulgaris with some modifications in a single replicate according to Singh et al. (1991a; 1991b).

			Leaf color was observed during the plant growth period at two-leaf stage. It was scored on scale light to dark to light according to the IBPGR (1981). One observation per plot was taken in a single replicate. Hypocotyls pigmentation of stem was recorded one week after 50% sprouting. It was scored as (1) for presence of anthocyanin pigmentation in 

			Table 2: List of Plant material.

			
				
					
					
					
					
				
				
					
							
							G1: Landraces from the Himalaya Region of Pakistan.

						
					

					
							
							Genotype code

						
							
							Genotype code

						
							
							Genotype code

						
							
							Genotype code

						
					

					
							
							SnMLB1

						
							
							KNLCBBS25

						
							
							StR49

						
							
							ShLSMS73

						
					

					
							
							SnKLB2

						
							
							GtGBBS26

						
							
							KtR50

						
							
							KrSRS74

						
					

					
							
							KnCkLB3

						
							
							ChPBBS27

						
							
							MnR51

						
							
							NrPSP75

						
					

					
							
							BALB4

						
							
							KrSBS28

						
							
							PcR52

						
							
							BKbPSP76

						
					

					
							
							MALB5

						
							
							BASBS29

						
							
							MnBR53

						
							
							KrPSS77

						
					

					
							
							GtGB6

						
							
							KtSBS30

						
							
							KtR54

						
							
							BkPSP78

						
					

					
							
							ChMLB7

						
							
							UdSY31

						
							
							PcDM55

						
							
							StPBS79

						
					

					
							
							ChPS8

						
							
							NrR32

						
							
							KtM56

						
							
							KtPBS80

						
					

					
							
							ChBLB9

						
							
							MDR33

						
							
							KtRB57

						
							
							ChMTP81

						
					

					
							
							ShLS10

						
							
							GtGR34

						
							
							KtPB58

						
							
							ChBLP82

						
					

					
							
							KrB11

						
							
							ChMR35

						
							
							SnMB59

						
							
							PcW83

						
					

					
							
							BAS12

						
							
							ChPR36

						
							
							GtGB60

						
							
							ShLW84

						
					

					
							
							KtLB13

						
							
							ChBR37

						
							
							ChMB61

						
							
							KrW85

						
					

					
							
							StLB14

						
							
							ShLR38

						
							
							ChBSB62

						
							
							BAW86

						
					

					
							
							BADB15

						
							
							KrR39

						
							
							ShLBsh63

						
							
							KtW87

						
					

					
							
							PcB16

						
							
							BAR40

						
							
							KrBsh64

						
							
							PcWBD88

						
					

					
							
							KtS17

						
							
							UdSR41

						
							
							BAB65

						
							
							AJKBBD89

						
					

					
							
							SnMBBS18

						
							
							MnR42

						
							
							PcB66

						
							
							NARCBBD90

						
					

					
							
							KnCkBBS19

						
							
							MnR43

						
							
							StB67

						
							
							GtGGB91

						
					

					
							
							KnIcBBS20

						
							
							MnR44

						
							
							KtB68

						
							
							GtGGB92

						
					

					
							
							ShLBBS21

						
							
							StR45

						
							
							SnKSBS69

						
							
							GtGBGS93

						
					

					
							
							KrBBS22

						
							
							StR46

						
							
							SnKLBBS70

						
							
							GtGBPS94

						
					

					
							
							BABBS23

						
							
							StR47

						
							
							KnChLBRS71

						
							
							GtGPB95

						
					

					
							
							KtBBS24

						
							
							StR48

						
							
							GtGLBMS72

						
							
							KrSBS96

						
					

					
							
							G2: The Mesoamerican genotypes

						
					

					
							
							MHBrM103

						
							
							MMSBrM113

						
							
							MDSBrM124

						
							
							ESDMM128

						
					

					
							
							MABrM112

						
							
							CRBM121

						
							
							GtWM123

						
							
							MGBrdBrStM136

						
					

					
							
							MPBM140

						
							
							MSYSM143

						
							
							
					

					
							
							G3: The Andean Genotypes

						
					

					
							
							PuBA129

						
							
							PLYA142

						
							
							
					

				
			

			hypocotyls and (0) for absence of pigment by visual observation through naked eye. Leaf pubescence was observed through the magnifying glass. It was scored (1) for presence of pubescence while (0) for absence of pubescence at leaf surface. Growth habit was recorded according to two major types i.e. bush and climbing type. Flower color of each entry was observed at peak flowering stage in freshly opened flowers under the natural daylight conditions. The flower color was classified as purple and white. The color observed when immature pods were fully expanded under natural day light condition. Pod color was classified as light green, green, green with purple shade, green with purple stripes, green with red stripes and light green with purple shade. Pod curvature was noted according to the IBPGR descriptor of fully expanded immature pods. It was observed according to three categories i.e. curved, semi-curved and straight. Pod beak orientation was observed of fully expanded immature pods and classified as straight, upward and downward.

			Seed color was noted after threshing as it became constant after threshing. 39 colors were observed after threshing the dried pods of 108 different common beans accessions belonging to three groups i.e. the landraces of Himalayan Region, the Mesoamerican and the Andean. Pod beak position was noted of fully expanded immature pods according to two categories mentioned in the IBPGR descriptor i.e. marginal and nonmarginal. The seed coat pattern was identified of seed after harvest following IBPGR descriptors. The color of dry pods per entry was observed at maturity. Seed shape was observed by using 10X magnifying glasses for seeds taken from the middle of the pod as per IBPGR descriptor. It was recorded at harvesting stage and classified in to four categories i.e. cuboid, oval, kidney and truncate fastigiate.

			Statistical analysis

			Data recorded on various qualitative traits were statistically analyzed by applying a Chi- square test (Pearson, 1900) for homogeneity of the population using the Minitab Statistical Software. The chi- square test is based on observed values (Oi) and expected values (Ei) for traits and can be represented as;

			Chi-square statistic:

			 [image: ]

			Results and Discussion

			Homogeneity test (Chi-square)

			Homogeneity test (Chi-square) values are shown in Table 3 for all 13 qualitative traits. Chi- square calculated value was higher than tabulated for only leaf color. It showed that leaf color among three groups was significant showing that leaf color may have some relationship with source of collection. Considering the other 12 traits including hypocotyls pigmentation, leaf pubescence, growth habit, flower color, pod color, dry pod color, pod curvature, pod beak position, pod beak orientation, seed coat pattern, seed color and 
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			Figure 1: Frequency distribution of leaf color, hypocotyls pigmentation, leaf pubescence and growth habit.

			Table 3: Homogeneity test (chi square) values for the examined qualitative traits. 

			
				
					
					
					
					
					
				
				
					
							
							S.No

						
							
							Qualitative trait

						
							
							Df

						
							
							χ2 calculated

						
							
							χ2 tabulated

						
					

					
							
							1

						
							
							Leaf color

						
							
							6

						
							
							18.37

						
							
							16.81

						
					

					
							
							2

						
							
							Hypocotyls pigmentation

						
							
							2

						
							
							2.56

						
							
							9.21

						
					

					
							
							3

						
							
							Leaf pubescence

						
							
							2

						
							
							0.79

						
							
							9.21

						
					

					
							
							4

						
							
							Growth habit

						
							
							2

						
							
							0.38

						
							
							9.21

						
					

					
							
							5

						
							
							Flower color

						
							
							2

						
							
							2.86

						
							
							9.21

						
					

					
							
							6

						
							
							Pod color

						
							
							10

						
							
							5.13

						
							
							23.21

						
					

					
							
							7

						
							
							Pod curvature

						
							
							4

						
							
							3.53

						
							
							13.28

						
					

					
							
							8

						
							
							Pod beak orientation

						
							
							4

						
							
							2.35

						
							
							13.28

						
					

					
							
							9

						
							
							Pod beak position

						
							
							2

						
							
							3.41

						
							
							9.21

						
					

					
							
							10

						
							
							Dry pod color

						
							
							10

						
							
							7.63

						
							
							23.21

						
					

					
							
							11

						
							
							Seed coat pattern

						
							
							10

						
							
							4.79

						
							
							23.21

						
					

					
							
							12

						
							
							Seed color

						
							
							76

						
							
							101.91

						
							
							107.58

						
					

					
							
							13

						
							
							Seed shape

						
							
							6

						
							
							12.16

						
							
							16.81

						
					

				
			

			seed shape, Table 3 depicted that chi-square calculated values for all traits were less than the chi-square tabulated values describing non-significant results. These results revealed that there was no relationship among 12 qualitative traits of common bean landraces and its source of collection.

			Frequency distribution of qualitative traits

			All qualitative traits showed a wide variation among 108 accessions evaluated during this study. These 108 common beans accessions were divided into three groups based on their site/ source of collection i.e. G1 consisted of 96 landraces collected from the Himalaya region of Pakistan, G2 contained 10 genotypes from the Mesoamerican gene pool and G3 had only 2 genotypes of the Andean gene pool. 

			The frequency distribution of the qualitative traits leaf color, hypocotyls pigmentation, leaf pubescence and growth habit is shown in Figure 1. Leaf color was dark green for 43 landraces followed by the medium green (32) and pale green (21) in the landraces group (G1) while the seven Mesoamerican genotypes (G2) had the medium green leaf color, two had dark green and one was having light green leaf color. 

			[image: ]

			Figure 2: Frequency distribution of flower color, pod beak orientation, pod curvature and pod beak position.

			In the case of G3 (Andean gene pool), one genotype had the medium green while others had pale green leaf color. Hypocotyls pigmentation was present in the 50 landraces and absent in 46 in G1. Regarding G2, it was absent in six genotypes and present in four genotypes, however, pigmentation was absent in both Andean genotypes of G3. Leaf pubescence was dominant in all these accessions with 90 landraces in G1, 10 genotypes in G2 and 2 genotypes in G3. Leaf surface was glabrous in only six landraces of G1 while no landrace was with glabrous leaf surface in G2 and G3. Growth habit is an important trait in common beans’ breeding programs because it plays a vital role in adaptability according to the need of farmers. Regarding growth habit, the 93 landraces had climbing type growth habit in G1 while only three landraces were bushy. In G2 and G3; all genotypes were having climbing growth habit. White flower color was found in the 50 landraces of G1, seven genotypes of G2 and two genotypes of G3 while purple flower color was observed in the 46 landraces and three genotypes of G1 and G2, respectively (Figure 2). Green pod color was predominant with different intensities like the 49 landraces in G1, 8 genotypes in G2 and one genotype in G3 had green color, while green pod color with purple shade was found in the 17 landraces of G1 and one genotype each from G2 and G3, respectively (Figure 3). 20 landraces of G1 and one genotype of G2 had light green pod color with purple shade. Light green pod color, green pod color with red strips and green pod color with purple strips was observed in five, three and two landraces of G1, respectively.

			Out of 96 landraces in G1, the 47 landraces had semi curved, the 33 had straight and the 16 had curved pod curvature (Figure 2). In G2, five genotypes were having semi-curved, three had curved and two had straight pod curvature. Both genotypes of G3 were having semi-curved pod curvature. Marginal pod beak position was dominant with its presence in 91 
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			Figure 3: Frequency distribution of pod color, dry pod color, seed coat pattern and seed shape.

			landraces, eight and two genotypes in G1, G2 and G3 respectively while, nonmarginal pod beak position was found in five landraces of G1 and only two genotypes of G2 (Figure 2). Sixty landraces in G1, eight genotypes in G2 and two genotypes of G3 had downward pod beak orientation while straight pod beak orientation was observed in 35 landraces of G1 and two genotypes of G2. Only one landrace of G1 had upward pod beak orientation. Six dry pod colors were observed with the frequency of the 57 golden, the 27 having the golden color with purple strips, the 9 had the golden color with pinkish shade, two had golden pod color with purple strip and one had golden pod color with red strips in G1 (Figure 3). All the ten genotypes of G2 and both genotypes of G3 had golden dry pod color. The seed coat pattern (Figure 3) was absent in the 50 landraces of G1, five genotypes of G2 and one genotype of G3. Constant mottled seed coat pattern was observed in the 17 landraces of G1, three genotypes of G2 and one genotype of G3. A stripped seed coat pattern was found in the 15 landraces and one genotype of G1 and G2, respectively. In G1, the 9 landraces had rhomboid spotted and two had circular mottling. Speckled seed coat pattern was found in three landraces and one genotype of G1 and G2, respectively. Four different seed shapes (Figure 3) were found with frequency distribution of the 45, the 32, the 14 and the 5 for cuboid, oval, truncate fastigiate and kidney-shaped, respectively in G1. In G2, the 4 genotypes had cuboid seed shape, the 3 were kidney shaped, the 2 genotypes had truncate fastigiated and only 1 genotype had oval seed shape. One genotype had oval seed shape while others had truncate fastigiated seed shape in G3. 

			A wide range of the seed colors such as red, white, black, brown, skin, yellow, tea pink, light pink, brown with black strips, skin with black strips, maroon along with varying tonalities was obtained, however, frequencies of all colors were shown in Figure 4.

			[image: ]

			Figure 4: Frequency distribution of seed color.

			Qualitative traits are the most important heritable characters that are commonly used to differentiate landraces. These include the growth habit, the flower color, the pod color, the seed color and the seed shape. The simplified phenotypic approach using qualitative traits for characterization and discrimination of accessions has been found useful to unravel the level of genetic diversity (Atilla et al., 2010; Szilagyi et al., 2011). The present study investigated variability among the qualitative traits found in the native beans from the Himalaya region of Pakistan and frequency distribution in these traits and relationships among different traits and source of collection. 

			A wide range of variability was found for qualitative traits among and within groups collected from different agro-ecological regions. The nonsignificant chi-square values showed that there was no relationship between all the traits and different groups of common beans (the landraces (G1), the Mesoamerican (G2) and the Andean (G3) collected from different regions. These results revealed that qualitative traits were widely distributed among accessions irrespective of the origin/place of collection. Accessions belonging to the specific group had differences in the qualitative traits. Boros et al. (2014) also reported that qualitative traits were not linked with the origin. These were distributed among the accessions independent of the distribution of accessions to groups based on the origin of accessions. 

				

			The frequency distribution obtained for 13 qualitative traits revealed the maximum possible range of variability for all the accessions. The leaf color showed marked variation ranging from dark green to light green and pale green color. Kiwuka et al. (2012) reported a similar leaf color range in the assessment of common beans cultivar diversity of central Uganda. The predominant leaf color was dark green followed by the medium green, the pale green and the light green. Loko et al. (2018) reported the green, the medium green and the dark green leaf colors, respectively, in the characterization of the common bean landraces. The hypocotyls pigmentation (anthocyanin) was present in almost half of accessions in all groups. Loko et al. (2018) observed the hypocotyls pigmentation (anthocyanin) in all studied landraces of the common beans. The leaf pubescence is an important trait and has a pronounced role in both diseases and insects resistance. It is evident that the leaf pubescence interrupts the fungal spores’ production and can physically wound the insects resulting in decreased predation (Mmbaga and Steadman, 1992). The leaf pubescence was predominant in our study and only six landraces were found glabrous. Plant growth habit is one of most commonly selected traits in common bean improvement programs. Plant growth habit varied from climbing to bushy type. Commonly, the predominance of plant growth habit is related to the cropping system and ecological adaptation. Climbing types are preferred in hilly areas where common beans are intercropped with maize, while bush type is more desirable when common beans are grown as sole crop (Rana et al., 2015). In the present study, both types of plant growth habits were found in indigenous landraces of Himalaya region but frequency of climbing type was high in indigenous landraces and was found a dominant trait. Piergiovanni and Lioli (2010) reported that 90% of Italian landraces found in Basilicata region were climbing type beans. Similarly, Loko et al. (2018) found that all common bean landraces in their study were determinate climbing types. Contrarily to our results, Boros et al. (2014) reported that all accessions of Polish gene banks tested in their experiment had bush growth type. It was also observed in our study that bush-type beans had early maturity, short plant height and low productivity whereas climbing type common beans had longer life cycles, late maturity and high productivity. Similar results were reported by Gracia et al. (1997) and Rana et al. (2015), who observed that climbing types were late maturing and more productive than bushy type. Contradictory findings were due to different genetic makeup of landraces as environment may have negligible effects on qualitative traits. 

			Plant breeders used flower color along with other distinct qualitative traits as a criterion for varietal purity (Leaky, 1988). Two different flower colors were observed in this study i.e. white and purple. Results showed that white flower color was abundant as compared to the purple flower color. Similarly, Fisseha et al. (2018) also observed white and purple flower color in common beans landraces of Ethiopia. Contrarily to our results, Chhetri and Bhatta (2017) reported a wider range of flower colors in their study while Rana et al. (2015) observed white, pink and lilac flower colors among 4274 accessions with predominance of white color. Pod color ranged from light green to green as well as purple shade on green, purple strips on green and red strips on green color in the current investigation. The frequency of green pod color was high in indigenous landraces as well as in Mesoamerican group. A similar variation in pod color was also reported by Chhetri and Bhatta (2017). Rana et al. (2015) also described that green pod color was predominant with various intensities of dull to shiny green in majority of accessions studied by them. The most abundant pod curvature observed in this study was semi curved followed by straight and curved. Slightly curved pod curvature was also predominant in common beans accessions of Benin Republic (Loko et al., 2018). Similarly, downward pod beak orientation was dominant following straight; however; only one indigenous landrace had upward pod beak orientation. The frequency of marginal pod beak position was very high as compared to non-marginal pod beak position found in only five indigenous landraces and the two Mesoamerican genotypes. Contrarily to this, substantial presence of non-marginal pod beak position was reported in common beans accessions by Loko et al. (2018). Contradictory findings in this regard may be due to differences in genetic makeup of genotypes tested. Dominant dry pod color was golden and found in majority of accessions, whereas golden with purple strips, red strips and golden with purple and pinkish shades were also observed. Loko et al. (2018) observed yellow pigmentation in the pods at physiological maturity stage. 

			Seed traits are the most important in the common beans especially for commercial acceptability of different varieties Bisht et al. (2014), Rana et al. (2014), (2015). The seed traits have an important role in breeding programs because these traits have been considered as highly heritable Singh et al. (2007), Blair et al. (2010). Marked variations were observed in our study regarding seed color ranging from single color i.e. red, maroon, white, black, brown, skin, to mottled and striped types with different tonalities. Similar observations were reported by Boros et al. (2014), Rana et al. (2015) and Loko et al. (2018). The preference of seed color varied from area to area and region to region throughout the world. In Pakistan, usually red, maroon and mottled and striped seeds with the various tonalities are preferred. Similarly, red, maroon, pink and yellow beans are preferred in India (Rana et al., 2015). The seed color preferences in different parts of the world were also reported by Loko et al. (2018) who stated that brown-red color was dominated in common bean collection from the Benin Republic. Ash colored beans are most preferred, highly priced and widely cultivated in Nilgiris (Jose et al., 2009). Similarly, in Poland white seed color of the Polish local populations of the common beans was highly preferred but some colored beans are also used for various dishes (Boros et al., 2014). The seed characteristics like color, size and shape of common beans are of special attention for consumers and these reflect consumers as well as farmers’ preferences (Stoilova et al., 2013; Loko et al., 2018). Among tested landraces, the cuboid and oval seed shapes were present in high frequency followed by truncate fastigiated and kidney shaped. Contrarily to our observations, Boros et al. (2014) reported high proportion of kidney and round shape than cuboid and oval seed shape in their study. Seed coat pattern was absent in half of landraces as well as Mesoamerican and Andean genotypes. The seed coat patterns observed in this study were constant mottled, stripped, rhomboid spotted, speckled and circular mottling. Boros et al. (2014) also revealed absence of seed coat pattern in majority of local populations of common beans from Polish gene bank with low presence of mottled and stripped seed coat pattern. Similarly, Rana et al. (2015) reported seed coat pattern absence in most of accessions with some extent of mottled seed coat pattern of various colors. 

			Conclusions and Recommendations

			It is evident that considerable diversity was found in the qualitative traits of common bean landraces collected from the Himalaya region of Pakistan. The results of this study revealed major role of the qualitative traits especially growth habit, flower color, leaf pubescence, seed color, seed shape, seed coat pattern and pod related traits in differentiation and characterization of those indigenous landraces. The qualitative traits were found highly distinguishable and heritable being less influenced by the environment as no change was depicted in the studied traits during two years’ experiments at three different locations. These traits may be considered worthwhile in differentiating landraces as well as preferably used by the breeders for maintaining purity of these landraces. Consequently, the landraces with highly desirable traits of agronomic interest can be utilized in breeding programs for crop improvement. As a further step, development of trait specific subsets and core sets are recommended to elaborate more valuable information on overall genetic diversity and particular genes responsible for specific traits of economic interest in present collection. 
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Abstract | Common beans (Phaseolus vulgaris L.) being dual purpose (vegetable plus legume) is grown world-
wide and in Pakistan specifically in the Himalayan range. Local landraces cultivated in traditional farming
systems are the sole source of its production. 108 land races of beans including 96 landraces of Himalayan
region, the ten Mesoamerican and the two Andean genotypes were evaluated at three locations during 2015
and 2016 at the Summer Agricultural Research Station Kaghan, Batakundi Potato Seed Farm Batakundi and
Agricultural Research Station Bafta, Mansehra. This two year study is pioneer in Pakistan with an objective to
document the characteristics of common bean landraces originating from the three different regions (Him-
alayan, Mesoamerican and Andean). Furthermore, diversity in qualitative traits (leaf color, leaf pubescence,
hypocotyls pigmentation, flower color, pod color, growth habit, dry pod color, pod curvature, pod beak posi-
tion, pod beak orientation, seed shape, seed coat pattern and seed color) was studied by using standard Chi
square test for homogeneity of populations. Results showed that agro climatic conditions have no influence
on the qualitative traits. Secondly, each landrace has its own specific and distinguishing trait like flower color,
growth habit. Moreover, the traits were found highly heritable and genetically controlled as no environmental
influence was observed based on two years data. Therefore, these traits can be considered to identify and dis-
tinguish landraces from each other, may be used as morphological markers in maintaining germplasm purity.
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Introduction in bean’s landraces is considerably high and has the

most diverse population of cultivated crops (Frankel

Common bean (Phaseolus vulgaris L.) is an annual,
predominantly self-pollinated leguminous crop
grown worldwide in a broad range of environments
and cropping systems (Fetahu ez a/., 2014). The rate
of outcrossing in common bean is below 5% (Gepts
et al., 2008). It is morphologically diverse crop with
distinguishable qualitative and variable quantitative
traits (Joshi ez al., 2009). Generally, genetic variation

et al., 1995; Qualset e al., 1997). Qualitative traits
are deemed useful for assessment of genetic diversi-
ty and its relationship in different crop species. High
morphological diversity among genotypes is helpful
in recombination of genotypes for important eco-
nomic qualitative and quantitative traits (Balkaya ez
al., 2005). Therefore, due to high genetic diversity,
the landraces are considered as a valuable source of
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