Supplementary Table S1: Distribution of registered indigenous and crossbred dairy producers and sampled farms by district and kebele across the Highland and Midland agro-ecological zones of Northwestern Amhara, Ethiopia.
	Agro-ecology
	Kebeles
	Total recorded dairy cow producers 
	Number of selected sampled  dairy cow producers 
	Total number of  indigenous cows 
	Total number of crossbred cows  

	
	
	Total recorded dairy cow producers 
	Producers who passes sample inclusive criteria 
	Cr.pro.
	Ind.pro.
	Total
	Cross-sectional   study
	Milk composition analysis  
	Cross-sectional   study
	Milk composition analysis  

	

Highland 
	Kassachewusa
	210
	140
	32
	12
	32
	37
	8
	57
	15

	
	Janguta
	109
	60
	34
	11
	34
	44
	12
	75
	25

	
	Messela
	155
	135
	31
	31
	31
	42
	10
	68
	20

	
	Total
	464
	335
	97
	80
	97
	123
	30
	200
	60

	
Midland 
	Andassa
	531
	339
	78
	17
	78
	26
	11
	147
	17

	
	Sebatamit
	412
	315
	72
	0
	72
	0
	0
	145
	18

	
	Enessa
	408
	300
	69
	48
	69
	122
	20
	130
	15

	
	Total
	1351
	954
	219
	65
	219
	148
	31
	422
	50


Cr.pro= crossbred producer
Ind.pro=indigenous producers
Note: Crossbred dairy production was an eligibility criterion for farmer selection; therefore, all respondents owned at least two crossbred cows. Some respondents also kept indigenous cattle, so the crossbred production count equals the total number of respondents.



Supplementary Table S2: Body weight (kg) and daily dry matter intake (kg/head/day) of milking cows by agro-ecological zone and breed.
	Agro-ecology 
	Breed (n)
	 Cows  body weight per kg (mean ± SE)
	Daily dry matter intake per kg per head (mean ± SE)
	P-value 

	
	
	
	Basal feed
	Dairy cow formulated ration 
	Industrial by product
	

	Highland 
	Indigenous (30)
	241 ± 5.16a
	2.23 ± 0.046a
	0.00 ± 0.00a
	0.00 ± 0.00a
	

	Highland 
	Crossbred  (60)
	270 ± 3.65b
	2.63 ± 0.026b
	1.29 ± 0.120c
	0.00 ± 0.00a
	

	Midland 
	Indigenous (31)
	226 ± 5.07a
	2.51 ± 0.048b
	0.00 ± 0.00a
	0.00 ± 0.00a
	

	Midland 
	Crossbred  (50)
	316 ± 3.99c
	3.53 ± 0.034c
	0.64 ± 0.133b
	1.93 ± 0.144b
	

	Agro-ecology 
	
	
	
	
	
	P<0.001

	Breed 
	
	
	
	
	
	P<0.001

	Agro-ecology ×  breed 
	
	
	
	
	
	P<0.001


n = sample size
SE = standard error  


Supplementary Table S3: Sources, seasonal variation, and feeding systems of basal feed for dairy cattle.
	Variable 
	Agro-Ecology
	
	Chi-Sq.
	df
	p

	
	M (n=219)
	H (n=97)
	Total (n=316)
	
	
	

	Source of feed n (%)

	NP on own farm and CR
	67.6%
	96.9%
	76.6%
	X2=32.95
	1
	<0.001

	NP on own farm, CR and LMKT
	32.4%
	3.1%
	23.4%
	
	
	

	Seasonal variation of basal feed availability (%)

	Yes 
	99.5%
	100.0%
	99.7%
	X2<0.001
	
	

	No 
	0.5%
	0.0%
	0.3%
	
	
	=1

	Season of the year when basal feed scarcity occurred (%)

	February to May
	0.0%
	67.0%  
	20.6% 
	X2= 316
	3
	

	June to September
	38.8%
	0.0%  
	26.9%
	
	
	

	January to  March
	61.2%
	0.0%
	42.4%
	
	
	

	Both Spring and Winter
	0.0%
	33.0%
	10.1%
	
	
	< 0.001

	Rainy Season Feeding system of dairy herd  (%) 

	Grazing 

	Yes 
	52.5%
	100.0%
	67.1%
	X2=66.52
	1
	

	No 
	47.5%
	0.0%
	32.9%
	
	
	< 0.001

	Tethering 

	Yes 
	90.4%
	0.0%
	62.7%
	X2=231.1
	1
	

	No 
	9.6%
	100.0%
	37.3%
	
	
	< 0.001

	Stall 

	Yes 
	1.8%
	67.0%
	21.8%
	X2=163.6
	1
	

	No 
	98.2%
	33.0%
	78.2%
	
	
	< 0.001

	Dry Season Feeding system of dairy herd 

	Grazing 

	Yes 
	50.7%
	99.0%
	65.5%
	X2= 67.24
	1
	

	No 
	49.3%
	1.0%
	34.5%
	
	
	<  0.001

	Tethering 

	Yes 
	82.6%
	0.0%
	57.3%
	X2= 184.3 
	1
	

	No 
	17.4%
	100% 
	42.7%
	
	
	< 0.001

	Stall

	Yes 
	7.8%)
	81.4% 
	30.4%
	X2=  169.1
	1
	

	No 
	92.2%
	18.6%
	69.6%
	
	
	<0.001


Note: NP= Natural pasture, CR= Crop residue, LMKT= Local market, Feb. =February, Mar. =March, Apr. = April, Sep. =September and Jan. =January 



Supplementary Table S 4: Types of basal feed provided to dairy cattle during the dry and rainy seasons, n (%).
	Variables  
	Agro-ecology
	
	Chi-sq.
	df
	p-value

	
	M (n=219)
	H (n=97)
	Total  (n=316)
	
	
	

	Types of basal feed provided for dairy herd during dry season n (%)    

	NP, NGH and MS
	21.9%
	0.0%0
	15.2%
	X2= 251.2
	2
	

	NGH and CCR
	78.1%
	15.5%
	58.9%
	
	
	

	NP, NGH and CCR
	0.0%
	84.5%
	25.9%
	
	
	< 0.001

	Types of basal feed provided for dairy herd during rainy season n (%)    

	NP and NGH
	78.5%
	15.5%
	59.2%
	X2=251.2
	2
	

	NP 
	0.0%
	84.5%
	25.9%
	
	
	

	NP, NGH and CCR
	21.5%
	0.0%
	14.9%
	
	
	<0.001


Note: M=Midland, H=Highland, NP=Natural pasture, NGH=Natural grass hay, MS=Maize stover, CCR=Cereal crop residue, n=sample size and df =degree of freedom



Supplementary Table S 5: Proportion of basal feed types in the daily ration of dairy cattle (mean ± SE).
	
	Agro-ecology
	
	95% (CI )
	t(df)
	p

	Types of feed 
	M (n=219)
	H (n=97)
	T (n=316)
	
	
	

	Dry season 
	
	
	
	

	NGH 
	43.8 ±1.07
	28.0±0.75
	38.9±0.874
	13.17 to 18.29
	12.09(313.2)
	< 0.001

	NP  
	10.82±1.07
	42.78±0.746
	20.6 ± 1.20
	-35.45 to 28.47
	-18.06(212.5)
	< 0.001

	WS 
	7.47±0.42
	14.41±0.558
	9.60 ± 0.38
	-8.31 to -5.56
	-9.92 (206.5)
	< 0.001

	TS 
	18.89±0.71
	7.55± 0.416
	15.41±0.58
	9.72 to 12.95
	13.78( 310.3)
	< 0.001

	MS  
	7.95 ± 0.327
	3.92 ± 0.218
	6.72 ±0.26
	3.25 to 4.80
	10.24 (313.9)
	< 0.001

	LBBP 
	2.22±0.097
	3.00±0.184
	2.46±0.09
	-1.88 to-0.36
	-3.72 ( 152.3)
	=0.002

	GS 
	5.12±0.480
	0.00±0.
	3.55±0.35
	4.17 to 6.06
	10.67 ( 218)
	< 0.001

	FMS  
	3.87±0.403
	0.00%
	2.68± 0.29
	3.07 to 4.66
	9.59 ( 218)
	<0.001

	Rainy season 
	
	
	
	
	
	

	NGH
	21.4±0.91
	9.38±0.396 
	17.7±0.713
	10.02 to13.92
	12.0 ( 285.2)
	< 0.001

	NP 
	40.4±1.08
	73.1±0.98
	50.4±1.172
	-35.55 to 29.78
	-22.3 ( 285.3)
	< 0.001

	TS 
	8.11±0.361
	0.00±0
	5.62 ±0.33
	7.39 to 8.81
	22.4( 218)
	< 0.001

	LBBP
	19.1±0.337
	17.5± 0.75  
	18.64±0.35
	-0.019, 3.25
	1.95 (135.8)
	= 0.052

	MS  
	4.88±0.469
	0.00±0
	3.38±0.35
	3.95 to 5.80
	10.40( 218)
	< 0.001

	WS
	5.84±0.13
	0.00±0
	4.05±0.175
	5.59 to 6.09
	46.06 ( 218)
	< 0.001


Note: H=Highland, M=Midland, n= Sample size, T= Total, NGH= Natural grass hay, NP=Natural pasture, WS=Wheat straw, TS=Teff straw, MS=Maize stover, LBBP=Local brewery by-product, GS=Guyia straw, FMS=Finger millet straw, CI=Confidence interval, t(df) =t-test (degree of freedom) and SE=standard error,




[bookmark: _GoBack]Supplementary Table S 6: Concentrate feed and mineral supplementation practices by dairy herd class
	Sup. feed Mgt.
	Agro-ecology
	
	Chi-sq. 
	df
	p 

	
	Midland(n=219)
	Highland(n=97)
	Total(n=316)
	
	
	

	Concentrate feed supplement 

	Yes 
	89.5%
	63.9%)
	81.6%
	X2=27.672
	1
	

	No 
	10.5%
	36.1%
	18.4%
	
	
	0.001

	Mineral supplement  

	Yes 
	84.9% 
	3.1% 
	59.8%
	X2=183.92
	1
	

	No 
	15.1%
	96.9%
	40.2%
	
	
	0.001

	Types of concentrated feed provided for milking cows  

	Industrial by product 
	71.7%
	0.0%
	49.7%
	X2=143
	2
	

	Commercial feed
	11.9%
	58.8%
	26.3%
	
	
	

	Brewery by product 
	16.4%
	41.2%
	24%
	
	
	0.001

	Types of concentrated feed provided for calves    

	Industrial by product
	0.9%
	0.0%
	0.6%
	X2=16.93
	2
	

	Commercial feed
	6.4%
	21.6%
	11.1%
	
	
	

	Brewery by product
	92.7%
	78.4%
	88.3%
	
	
	0.001

	Types of concentrated feed provided for heifers 

	Industrial by product
	0.0%
	3.1%
	0.9%
	X2=7.6
	2
	

	Commercial feed
	4.1%
	2.1%
	3.5%
	
	
	

	Brewery by product
	95.9%
	94.8%
	95.6%
	
	
	0.022

	Types of concentrated feed provided for  bulls 

	Industrial by product
	0.0%
	3.1%
	0.9%
	X2=7.6
	2
	

	Commercial feed
	4.1%
	2.1%
	3.5%
	
	
	

	Brewery by product 
	95.9%
	94.8%
	95.6%
	
	
	0.22

	Physiological status of dairy cows allowed  concentrated feed  supplement 

	Milking cows 
	77.6%
	42.3%
	66.8%
	X2=25.22
	2
	

	Preg.+ milking cows  
	8.7%
	21.6%
	12.7%
	
	
	

	Dry cows 
	3.2%
	0.0%
	2.2%
	
	
	

	No supplementary 
	10.5%
	36.1%
	18.3%
	
	
	0.001


Note:  Sup. feed Mgt. = Supplementary feed management , Preg.= pregenant, chi-sq. = chi-square test, df.=degree of freedom, and  p=p-value

