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Table 1: Field trial observations of phenology, growth, and yield traits for Kakaba and Danda wheat cultivars at Haramaya station (2021–2023).
		Parameters
	Kakaba 2021
	Kakaba 2022
	Kakaba 2023
	Danda 2021
	Danda 2022
	Danda 2023

	Days to Emergence (days)
	7
	6
	7
	9
	9
	8

	Days to Heading (days)
	67
	69
	71
	83
	86
	84

	Days to Maturity (days)
	126
	127
	128
	134
	138
	137

	Leaf Area (cm²)
	20.5
	21.5
	21.1
	22.5
	21.7
	21.6

	Spike Length (cm)
	8.0
	8.6
	8.9
	8.0
	8.9
	8.0

	Leaf Area Index (LAI)
	3.1
	2.8
	2.9
	3.4
	2.9
	3.1

	Plant Height (cm)
	98.4
	95.5
	97.3
	81.0
	80.5
	78.3

	Kernels per Spike (NKPS)
	46.0
	47.3
	43.2
	50.0
	48.0
	49.0

	Thousand Kernel Weight (g)
	40.3
	38.5
	39.4
	40.7
	44.8
	41.4

	Harvest Index (HI)
	0.45
	0.44
	0.39
	0.41
	0.43
	0.38

	Grain Yield (kg ha⁻¹)
	3781.8
	3944.5
	3643.9
	3777.7
	4021.6
	3731.6

	Seeds per Spike
	46.0
	50.0
	48.0
	45.0
	50.0
	45.0

	Above‑ground Biomass (kg ha⁻¹)
	8747.8
	8712.6
	8573.2
	9023.6
	8765.5
	8434.8

	Spikelet’s per Spike
	14.1
	15.2
	14.8
	15.0
	14.0
	14.0

	Straw Yield (kg ha⁻¹)
	6322.2
	6541.8
	5981.6
	5874.8
	6044.6
	5844.2





Table 2: Field observations of phenology, growth, and yield traits for Kakaba and Danda wheat cultivars under different sowing dates (SD1, SD2, SD3) at Haramaya site in 2024.
	
	Parameters

	Trt 
	DH
	PM
	LA
	LAI
	HI
	GY
	AGDBM (kg ha-1)

	Tr1
	61
	109
	20.6
	2.9
	0.35
	3754.6
	8976.6

	Tr2
	64
	110
	20.7
	3.1
	0.39
	3648.1
	9063.5

	Tr3
	65
	108
	20.9
	2.7
	0.37
	3765.7
	8900

	T4r1
	65
	112
	21.8
	2.8
	0.39
	3633.8
	8766.4

	T5r2
	63
	115
	21.1
	3.2
	0.38
	3542.7
	8688.8

	T6R3
	66
	116
	22.3
	3.1
	0.37
	3633.6
	8855.9

	T7
	67
	119
	22.5
	3.1
	0.37
	3431.8
	8675

	T8
	65
	117
	21.9
	3.2
	0.36
	3212.7
	8537.9

	T9
	68
	120
	22.5
	3.3
	0.38
	3343.4
	8436.7

	T10
	76
	122
	23.8
	3.2
	0.37
	3657.99
	7715.8

	T11
	79
	125
	22.6
	3.1
	0.38
	3532.6
	9105

	T12
	78
	126
	23.5
	3.2
	0.36
	3317.6
	9312

	T13
	77
	129
	21.7
	3.3
	0.38
	3411.3
	9505

	T14
	79
	128
	23.8
	3.2
	0.4
	3377.9
	9075.4

	T15R2
	76
	129
	23.2
	3.4
	0.36
	3215.6
	8946.3

	T16
	79
	132
	24.4
	3.3
	0.4
	3122.6
	8745.7

	T17
	79
	133
	23.7
	3.1
	0.37
	3066.4
	8636.5

	T18
	82
	134
	23.8
	3.4
	0.39
	3673.8
	8873.1


Where: SD =sowing date, R=replication, Tr=treatment, DH=days to heading, Pm=physiological maturity, LA=leaf area, LAI=leaf area index, HI=harvest Index, GY=grain yield, AGDBM=Above ground dry biomass yield

Data used for Validation
Table 3: Field observations of phenology, growth, and yield traits for Kakaba and Danda wheat cultivars under different sowing dates (SD1, SD2, SD3) at Gurawa site in 2024.
	
	Parameters

	Treatment
	DH
	PM
	LA
	LAI
	HI
	GY
	AGDBM kg ha-1

	Tr1
	72
	112
	20.6
	3.15
	0.29
	4019.5
	8975.5

	Tr2
	69
	109
	21.7
	3.3
	0.31
	3866.7
	8742.4

	Tr3
	68
	110
	20.5
	3.2
	0.28
	3723.6
	8895.5

	Trt4
	70
	113
	21.6
	3.1
	0.32
	3765.4
	8766.4

	Trt5
	69
	115
	22.5
	3.2
	0.35
	3761.5
	8788.8

	Trt6
	68
	119
	23.3
	3.3
	0.33
	3633.6
	8673.4

	T7r
	69
	116
	22.4
	3.1
	0.34
	3555.6
	8455.3

	T8
	71
	117
	21.5
	3.2
	0.36
	3447.8
	8537.9

	T9
	78
	131
	22.4
	3.4
	0.35
	3432.1
	8436.7

	T10
	77
	132
	22.8
	3.3
	0.38
	3657.99
	7742.4

	T11
	76
	130
	23.1
	3.5
	0.37
	3455.8
	3605.9

	T12
	79
	135
	22.4
	3.6
	0.36
	3576.3
	8712.4

	T13
	81
	134
	22.7
	3.7
	0.38
	3622.8
	805.6

	T14r1
	79
	131
	24.8
	3.8
	0.37
	3747.8
	8867.4

	T15r2
	79
	137
	23.5
	3.7
	0.41
	3876.7
	8946.3

	T16
	83
	138
	24.9
	4.1
	0.38
	3865.9
	8564.3

	T17
	86
	140
	23.7
	4.5
	0.39
	3999.4
	8636.5

	T18
	84
	142
	24.6
	4.6
	0.45
	4222.8
	9084.4


where SD =sowing date, R=replication, Tr=treatment, DH=days to heading, Pm=physiological maturity, LA=leaf area, LAI=leaf area index, HI=harvest Index, GY=grain yield, AGDBM=Above ground dry biomass yield

Table 4. Field observations of phenology, growth, and yield traits for Kakaba and Danda wheat cultivars under different sowing dates (SD1, SD2, SD3) at Haramaya site in 2025.
	
	Parameters

	Trt 
	DH
	PM
	LA
	LAI
	HI
	GY
	AGDBM Kg ha-1

	Tr1
	65
	109
	22.9
	3.2
	0.39
	4219.5
	9063.5

	Tr2
	64
	108
	22.4
	2.9
	0.38
	4066.7
	8700.4

	Tr3
	64
	107
	23.7
	3.2
	0.37
	3823.6
	8766.4

	T4r1
	67
	111
	21.3
	2.8
	0.36
	3965.6
	8798.8

	T5r2
	66
	110
	21.4
	3.1
	0.35
	3761.5
	8855.9

	T6R3
	67
	112
	22.3
	3.2
	0.36
	3833.6
	8675

	T7
	67
	113
	22.2
	3.2
	0.37
	3655.6
	8537.9

	T8
	68
	114
	23.5
	3.3
	0.37
	3547.8
	8436.7

	T9
	67
	115
	22.9
	2.9
	0.38
	3632.1
	8215.8

	T10
	76
	123
	23.2
	2.6
	0.37
	3657.99
	8405.6

	T11
	78
	122
	23.4
	2.4
	0.38
	3455.8
	8712.3

	T12
	76
	121
	22.5
	2.3
	0.39
	3576.3
	8535.5

	T13
	77
	127
	23.8
	2.4
	0.38
	3722.8
	8675.4

	T14
	78
	126
	21.5
	2.3
	0.4
	3647.8
	8946.3

	T15R2
	81
	127
	22.6
	2.4
	0.4
	3476.7
	8745.7

	T16
	82
	130
	22.9
	2.7
	0.43
	3865.9
	8836.5

	T17
	79
	130
	23.9
	2.3
	0.42
	3989.4
	8763.1

	T18
	80
	132
	22.5
	2.9
	0.41
	3777.4
	8652.4


Where: SD =sowing date, R=replication, Tr=treatment, DH=days to heading, Pm=physiological maturity, LA=leaf area, LAI=leaf area index, HI=harvest Index, GY=grain yield, AGDBM=Above ground dry biomass yield
Table 5: Field observations of phenology, growth, and yield traits for Kakaba and Danda wheat cultivars under different sowing dates (SD1, SD2, SD3) at Gurawa site in 2025.
	
	Parameters

	Trt 
	DH
	PM
	LA
	LAI
	HI
	GY
	AGBM (kg ha-1)

	Tr1
	69
	114
	20.9
	2.7
	0.39
	36219.5
	8975.5

	Tr2
	67
	110
	21.4
	2.6
	0.38
	3766.7
	8742.4

	Tr3
	65
	109
	21.7
	2.4
	0.37
	3823.6
	8895.5

	T4r1
	67
	116
	21.3
	2.5
	0.36
	3565
	8766.4

	T5r2
	69
	118
	21.8
	2.6
	0.35
	3761.5
	8788.8

	T6R3
	68
	114
	22.3
	2.8
	0.36
	3633.6
	8673.4

	T7
	71
	116
	22.7
	2.9
	0.37
	3355.6
	8455.3

	T8
	73
	117
	23.5
	3.1
	0.37
	3347.8
	8537.9

	T9
	70
	118
	23.7
	3.2
	0.38
	3432.1
	8436.7

	T10
	79
	124
	22.2
	3.3
	0.37
	3657.99
	9242.4

	T11
	82
	122
	23.4
	3.6
	0.38
	3455.8
	9105

	T12
	83
	125
	24.5
	3.7
	0.39
	3576.3
	9312

	T13
	81
	127
	23.7
	3.7
	0.38
	3622.8
	9505

	T14
	83
	129
	24.8
	3.8
	0.4
	3747.8
	8867.4

	T15R2
	85
	130
	24.6
	4.1
	0.4
	3776.7
	8946.3

	T16
	86
	134
	24.9
	4.2
	0.43
	3765.9
	8764.3

	T17
	87
	136
	25.9
	3.3
	0.42
	3899.4
	8636.5

	T18
	86
	141
	24.7
	4.4
	0.45
	4165.7
	9519.9


Where SD =sowing date, R=replication, Tr=treatment, DH=days to heading, Pm=physiological maturity, LA=leaf area, LAI=leaf area index, HI=harvest Index, GY=grain yield, AGDBM=Above ground dry biomass yield
Detail description of the above treatment as follows: 
Tr1=Kekaba+SD1, T2r2=Kekaba+SD1, T3r3=Kekaba+SD1, T4r1=Kekaba+SD2, T5R2=Kekaba+SD2, T6r3=Kekaba+SD2, T7r1=Kekaba+SD3, T8r2=Kekaba+SD3 T9r3=Kekaba+SD3, T10r1=Danda+SD1, T11r2=Danda+SD1, T12r3=Danda+SD1, T13r1=Danda+SD2, T14r2=Danda+SD2, T15r3= Danda+SD2, T16r1=Danda +SD3, T17r2=Danda+SD3, T18r3=Danda +SD3
Table 6: Physical, chemical, and soil water balance properties of soils at Haramaya and Gurawa stations
		Depth (cm)
	Clay (%)
	Silt (%)
	BD (g cm⁻³)
	OC (%)
	CEC (cmol kg⁻¹)
	pH
	TN (%)
	LL (cm³ cm⁻³)
	DUL (cm³ cm⁻³)
	SWC (cm³ cm⁻³)

	Haramaya station
	
	
	
	
	
	
	
	
	
	

	0–30
	38
	32
	1.28
	2.1
	28
	6.2
	0.14
	0.28
	0.46
	0.50

	30–60
	40
	28
	1.32
	1.8
	26
	6.3
	0.12
	0.27
	0.45
	0.49

	60–90
	42
	26
	1.35
	1.5
	24
	6.4
	0.10
	0.26
	0.44
	0.48

	90–120
	43
	24
	1.38
	1.2
	22
	6.5
	0.08
	0.25
	0.43
	0.47

	120–160
	44
	23
	1.40
	1.0
	20
	6.6
	0.07
	0.24
	0.42
	0.46

	160–190
	45
	22
	1.42
	0.8
	18
	6.8
	0.06
	0.23
	0.41
	0.45

	190–210
	46
	21
	1.45
	0.6
	16
	6.9
	0.05
	0.22
	0.40
	0.44

	Gurawa station
	
	
	
	
	
	
	
	
	
	

	0–30
	35
	30
	1.25
	2.4
	30
	6.5
	0.16
	0.29
	0.47
	0.52

	30–60
	37
	29
	1.30
	2.0
	28
	6.6
	0.13
	0.28
	0.46
	0.50

	60–90
	39
	27
	1.33
	1.7
	26
	6.7
	0.11
	0.27
	0.45
	0.49

	90–120
	41
	25
	1.36
	1.4
	24
	6.8
	0.09
	0.26
	0.44
	0.48

	120–160
	42
	24
	1.38
	1.2
	22
	6.9
	0.08
	0.25
	0.43
	0.47

	160–190
	43
	23
	1.40
	1.0
	20
	7.0
	0.07
	0.24
	0.42
	0.46

	190–210
	44
	22
	1.42
	0.8
	18
	7.0
	0.06
	0.23
	0.41
	0.45





Where: BD=Bulk density, OC=Organic carbon, CEC=Cation exchange capacity, TN=Total nitrogen, LL=lower limit, DUL=Upper limit, SWC=Saturated water content


