3.3.1.1. Breeding lines with improved performance under P and water limitation. Improved lines for combined stress of drought and low P identified.
 Objective and intended output: Product line 1 was posited on the premise that drought and low P stress co-occur on farm and that both stresses must be addressed if drought tolerance is to be expressed in farmers’ fields. This objective of this activity is to recover breeding lines with multiple stress tolerance and varietal potential.  This constitutes the mainstream breeding program in the Mesomerican bean breeding program. 
[bookmark: _GoBack]Materials and methods:  Simple, 3-way and double (4 parent) crosses are created among stress tolerant parents, and including parents for high grain iron. F2 populations are screened under drought stress and promising families are harvested in bulk. F3 bulked populations were evaluated under moderate fertility stress and were inoculated with the anthracnose pathogen (Colletotrichum lindemuthianum) for individual plant selections. F3.4 families were likewise grown with moderate fertility stress and selected under pressure of angular leaf spot. F3.5 families were returned to the drought nursery where yield trials were run in a 10 x 10 lattice design with 3 replicates. Twelve check lines were included in all trials to have a firm basis on which to compare yields across trials, and to be able to standardize yields. It should be noted that 
Results and interpretation:  While substantial gains were made in drought yields in many lines, Table 1 presents only lines that yielded 50% or more than the 10 check lines. It should be noted that 3 of the 12 checks are drought adapted Mesoamerican lines, and thus tend to raise the average yield of the checks. Thus a 50% advantage over checks represents an ample genetic gain. In addition to drought tolerance, most lines also are resistant to anthracnose and several to angular leaf spot. Many lines present iron levels above 75 ppm, versus an average baseline of 50 ppm for the species. Most lines have red seed color and thus are widely acceptable in East Africa and Central America.  Individual plant selections were made in elite lines for purification of key resistance genes. 
Next steps: Lines are in increase for selection of genes for virus resistance.  Seed will be distributed for planting in May in Central America and in East Africa. 





Table 1: Elite high yielding breeding Mesoamerican breeding lines that produced at least 50% more than the average of 12 check varieties. *
	Code
	Number
	Identification
	Seed color
	ALS Maximum value
	Anthracnose at 83 days
	FESEED*F3.6_2016 Irrigated
	FESEED*F3.5_Acid soil 2016
	ZNSEED*F3.6_2016 Irrigated
	ZNSEED*F3.5_Acid soil 2016
	PHI*Q16A
	Growth habit*C16C SX
	DF_C16C SX
	DPM_C16C SX
	P100 S co_C16C SX
	Kg/Ha_C16C SX
	Kg_día/Ha_C16C SX
	Standard error (Kg/Ha)
	Yield as % of 12 control lines
	Kg/Ha Average 12 checks

	RSFC
	18224-010
	SMR  138 X (SMR  132xSMC  170)F1/-010F1-MC-03P-MQ
	6
	1
	1
	74
	75
	28
	34
	82
	2B
	33
	61
	29
	2325
	38.3
	388
	153
	1524

	RSFC
	18241-007
	SMR  159 X (BFS   81xSMC  170)F1/-007F1-MC-01P-MQ
	6
	4
	1
	80
	82
	30
	35
	77
	2B
	38
	63
	26
	2345
	37.5
	163
	154
	1524

	RSFD
	18243-006
	SMR  140 X (BFS   81xSMR  111)F1/-006F1-MC-04P-MQ
	6
	4
	1
	80
	66
	28
	29
	82
	2B
	36
	62
	29
	2378
	38.3
	211
	156
	1524

	RSFC
	18246-007
	SMR  159 X (BFS  142xSMC  169)F1/-007F1-MC-02P-MQ
	6
	3
	_1/3
	75
	80
	31
	33
	76
	2B
	33
	61
	26
	2191
	36.0
	169
	180
	1217

	RSFC
	18246-007
	SMR  159 X (BFS  142xSMC  169)F1/-007F1-MC-14P-MQ
	6
	6
	_1/3
	77
	81
	31
	37
	75
	2B
	32
	60
	27
	2041
	34.2
	136
	168
	1217

	RSFC
	18246-007
	SMR  159 X (BFS  142xSMC  169)F1/-007F1-MC-28P-MQ
	6
	1
	_1/3
	73
	91
	25
	35
	76
	2B
	33
	61
	28
	1995
	32.5
	289
	164
	1217

	RSFC
	18246-007
	SMR  159 X (BFS  142xSMC  169)F1/-007F1-MC-29P-MQ
	6
	3
	_1/3
	69
	84
	27
	33
	80
	2B
	33
	61
	27
	1865
	30.8
	160
	153
	1217

	RSFC
	18246-013
	SMR  159 X (BFS  142xSMC  169)F1/-013F1-MC-06P-MQ
	6
	4
	_1/3
	83
	79
	33
	38
	74
	2B
	35
	61
	24
	1830
	29.6
	457
	150
	1217

	RSFC
	18246-014
	SMR  159 X (BFS  142xSMC  169)F1/-014F1-MC-03P-MQ
	6
	2
	1
	74
	85
	30
	35
	77
	2B
	36
	61
	29
	2007
	32.6
	556
	165
	1217

	RSFC
	18246-014
	SMR  159 X (BFS  142xSMC  169)F1/-014F1-MC-05P-MQ
	6
	5
	1
	78
	89
	33
	37
	75
	2B
	36
	64
	27
	1852
	29.0
	463
	152
	1217

	RSFC
	18246-014
	SMR  159 X (BFS  142xSMC  169)F1/-014F1-MC-08P-MQ
	6
	3
	1
	85
	75
	32
	36
	79
	2B
	36
	62
	26
	2006
	32.3
	266
	165
	1217

	RSFC
	18246-028
	SMR  159 X (BFS  142xSMC  169)F1/-028F1-MC-18P-MQ
	5
	3
	1
	68
	90
	27
	33
	74
	2B
	34
	61
	28
	1850
	30.4
	225
	152
	1217

	RSFC
	18246-028
	SMR  159 X (BFS  142xSMC  169)F1/-028F1-MC-23P-MQ
	4
	2
	1
	77
	84
	29
	33
	75
	2B
	33
	59
	27
	2233
	37.4
	250
	183
	1217

	RSFC
	18246-031
	SMR  159 X (BFS  142xSMC  169)F1/-031F1-MC-04P-MQ
	6
	6
	1
	78
	78
	29
	31
	80
	2B
	33
	60
	25
	2010
	33.4
	112
	165
	1217

	RSFC
	18246-031
	SMR  159 X (BFS  142xSMC  169)F1/-031F1-MC-08P-MQ
	6
	2
	1
	59
	78
	26
	29
	80
	2B
	33
	60
	30
	2143
	35.7
	275
	176
	1217

	RSFC
	18246-031
	SMR  159 X (BFS  142xSMC  169)F1/-031F1-MC-14P-MQ
	6
	3
	1
	75
	79
	29
	29
	78
	2B
	34
	60
	27
	2009
	33.3
	71
	165
	1217

	RSFC
	18246-031
	SMR  159 X (BFS  142xSMC  169)F1/-031F1-MC-26P-MQ
	6
	2
	1
	73
	77
	27
	28
	79
	2B
	32
	59
	32
	1859
	31.2
	434
	153
	1217

	RSFC
	18246-031
	SMR  159 X (BFS  142xSMC  169)F1/-031F1-MC-33P-MQ
	6
	2
	1
	75
	73
	26
	28
	79
	2B
	33
	60
	26
	1902
	31.6
	24
	156
	1217

	RSFC
	18246-033
	SMR  159 X (BFS  142xSMC  169)F1/-033F1-MC-09P-MQ
	4
	4
	1
	77
	81
	29
	32
	77
	2B
	33
	61
	25
	1943
	31.8
	159
	160
	1217

	RSFC
	18246-040
	SMR  159 X (BFS  142xSMC  169)F1/-040F1-MC-16P-MQ
	6
	4
	1
	80
	72
	32
	28
	82
	2B
	34
	61
	25
	1918
	31.6
	236
	158
	1217

	QGGC
	18193- 015
	SMR  138xGGR   42/-015F1-MC-09P-MQ
	6
	5
	_1/6
	84
	87
	30
	36
	73
	2B
	34
	59
	31
	2127
	35.9
	110
	152
	1398

	RDSB
	18265
	BFS   35xSEF   60/-MC-18P-MQ
	6
	3
	_1/4
	59
	62
	24
	26
	77
	2B
	33
	60
	22
	2207
	36.7
	138
	158
	1398

	RDSB
	18279
	SEF   49xBFS   35/-MC-08P-MQ
	6
	1
	_1/4
	47
	55
	20
	27
	79
	2B
	33
	59
	24
	2345
	40.0
	177
	168
	1398


*  Seed color: 4=brown, 6=red; Angular leaf spot and anthracnose: 1-3 = resistant, 4-6 = intermediate, 7-9 = susceptible; iron and zinc measured in ppm in grain; growth habit 2B = upright with guide; DF= days to flower; DPM = days to physiological maturity; 
