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Analysis of 2nd set of 15N natural abundance data 
Objective of activity and intended output: Symbiotic nitrogen fixation (SNF) contributes to improve grain yield. Climbing beans are known to be superior to bush beans in their potential for SNF.  The main objectives of this study were to: (i) quantify genotypic differences in SNF ability of climbing beans using 15N natural abundance method; (ii) test whether δ15N in grain can be used instead of δ15N in shoot for estimating SNF ability; and (iii) identify genotypes that combine high SNF ability with high yield potential that could serve as parents in the breeding program. The intended output is identification of a set of promising climbing bean lines that combine higher seed yield with greater SNF ability that could serve as parents in the breeding program. 
Materials and methods: A total of 100 bean genotypes including 67 ENF lines, 13 CGA lines, MAC lines, MBC lines and 5 checks were evaluated for SNF ability and seed yield. Field trials were conducted at two locations (Darien and Popayan) in Colombia. Measurements included visual evaluation of root nodulation, 15N natural abundance (δ15N) in shoot tissue and seed, %N derived from the atmosphere (%Ndfa), total Ndfa (TNdfa), canopy biomass, total N uptake, N use efficiency (kg of seed produced per kg of N uptake in shoot biomass), N partitioning index (% of total N partitioned to seed) and pod harvest index (% of seed weight to pod weight).
Results and interpretation:  Significant genotypic differences were observed in SNF ability among climbing beans at two field sites (Table 1). SNF and seed yield (yd) values were higher at Darien (site with low available N in soil) than at Popayan (site with higher available N in soil with terminal drought stress). Positive and significant association between SNF ability and yd in both locations (r= 0.40*** 0.86***). A set of six genotypes (ENF 235, ENF 234, ENF 28, ENF 21, PO 07AT49, CGA 10) were identified as superior in their SNF ability. These lines also combined other desirable plant traits such as greater level of shoot biomass (SB) production, total N uptake in SB, and greater ability to partition a higher proportion of N to grain.  These lines could serve as potential parents for breeding programs aiming to combine SNF ability and yield potential together with other desirable traits like biotic stress resistance. In addition, this work also validated the usefulness of using seed tissue to estimate SNF ability of climbing beans. This methodology could be implemented in on-going breeding programs to reduce costs in collecting and analyzing shoot tissue. The use of seed tissue also allows to link SNF evaluation with breeding programs on biofortification that aim to increase iron and zinc levels in the seed.
Next steps: Further research is needed to (i) quantify genotypic variability among promising climbing bean lines in their SNF ability under drought and/or low phosphorus availability in soil; (ii) combine greater SNF ability with resistance to major diseases and pests; and (iii) develop biofortified climbing beans with greater SNF ability. 


Table 1. Genotypic differences in % nitrogen derived from the atmosphere estimated in grain tissue (%Ndfa_Sd), Total Nitrogen derived from atmosphere (TNdfa_Sd), seed yield (Yd), nitrogen use efficiency (NUE) and seed 15N natural abundance (‰) of selected genotypes of common bean grown at two field sites (Darien and Popayán) in Colombia. NN = nonnodulating.
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	 Shoot traits
	15N_Sd (‰)
	%Ndfa_Sd
	TNdfa_Sd (kg ha1)
	Seed yield (kg ha1)
	NUE (kg kg-1)

	Genotypes
	Darien
	Popayan
	Darien
	Popayan
	Darien
	Popayan
	Darien
	Popayan
	Darien
	Popayan

	High SNF ability
	
	
	
	
	
	
	
	
	
	

	ENF 235
	1.2
	3,26
	67,8
	39,3
	91,2
	51,2
	3224
	2969
	28,3
	13,6

	ENF 28
	1.8
	3,39
	63.6
	38.1
	68.4
	50.2
	3362
	3229
	21.7
	14.1

	ENF 234
	2.8
	3.35
	55.1
	38.5
	62.0
	51.5
	3241
	3632
	40.4
	11.9

	ENF 21
	3.5
	2.87
	49.8
	42.9
	71.5
	54.6
	4264
	3357
	31.5
	13.7

	PO 07AT49 
	2.1
	3.50
	60.5
	37.1
	87.1
	57.5
	3967
	3760
	43.8
	17.1

	CGA 10
	2.6
	4.05
	56.9
	32.1
	90.3
	42.3
	4572
	3294
	35.1
	17.5

	Checks
	
	
	
	
	
	
	
	
	
	

	MAC 74
	6.7
	3.69
	24.2
	35.4
	27.1
	50.3
	3658
	3388
	23.9
	17.9

	MAC 27
	4.6
	3.47
	40.7
	37.4
	56.4
	56.8
	6827
	4460
	33.5
	23.5

	Gloriabamba NN
	9.7
	7.53
	0.0
	0.0
	0.0
	0.0
	2043
	2557
	25.6
	20.5

	 Mean
	3.9
	3.9
	46.5
	33.4
	61.6
	46.1
	3906
	3405.1
	31.5
	16.7

	 Diff. signif
	**
	***
	***
	**
	***
	**
	***
	**
	***
	**
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