


CROSSBREEDING GERMAN BROWN x N’DAMA CATTLE AT IBADAN, NIGERIA – 1II – The growth trend of crossbreds from German brown x N’dama crossbreeding



[bookmark: _GoBack]ABSTRACT
[bookmark: _Hlk210769139]368 records of weights from birth to 12 months for pure German brown, N’dama and their crossbreds from the crossbreeding programme carried out at the University of Ibadan, Nigeria between 1970 – 1988 was analyzed using least square means of analysis of variance and regression.  The genotypes involved were purebred German brown (GBP), purebred N’dama (NDL), 75% N’dama-bred (NDB1), 50% N’dama-bred (GBND), 37.5% N’dama-bred (GBB2 and 25% N’dama-bred (GBB1). Birth weight increased with reducing exotic blood as 75% N’dama blood (NDB1) had 18.25kg, 50% N’dama blood (GBND) had 21.68kg, 37.5% N’dama blood (GBB2) had 22.42kg and the 25% N’dama blood (GBB1) had 25.45kg. The purebred German brown (GBP) had significantly the highest birth weight of 28.70kg while the local N’dama and 75% N’dama-bred had significantly (P<0.05) the lowest birth weights. Birth weight was a good predictor of 12-month weight as the regression coefficients for NDL, NDB1, GBB2 GBB1 and GBL were all positive and significant (P<0.05) with values of 2.49, 2.69, 2.56, 2.31 and 2.30kg respectively. Year and season of birth significantly (P<0.05) affected birth weight but sex had no significant (P>0.05) effect on birth weight. Growth to 12 months on daily average was significantly (P<0.05) better for 50% N’dama-bred (0.39kg) followed by 75% N’dama-bred at 0.32kg, then purebred German brown at 0.27kg, 0.26kg per day for 25% N’dama-bred, 0.24kg per day for 37.5% N’dama-bred and least been 0.21kg per day for purebred N’dama. The finding shows that GBND which had 50% local N’dama blood and NDB1 which had 75% N’dama blood had greater potential for growth even over the exotic German brown in the local humid tropics of Ibadan environment.
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INTRODUCTION 
The N’dama is believed to be a good beef breed compared to the Muturu and has its origin from the Fouta D’jallon area of Guinea (Willamson and Payne 1978). It is an efficient converter of poor-quality grass to meat, has great tolerance to heat stress after long trek under the tropical sun without shade and water (Williamson and Payne 1978). This quality of the N’dama it is believed could be improved upon to produce superior beef genotype suitable for tropical environment in animal breeding schemes. 
FAO (2025) in their review of crossbreeding efforts in the tropics reported that the availability of artificial insemination has made crossbreeding between Bos taurus and Bos indicus populations very widely possible and substantial number of crossbreeding trials indicate sufficient advantages, even in stressful conditions, for crossbreds between the two types (FAO 2025). For example, in India, where the accumulated information has led to a change in national policy, which now is aimed at producing crossbreds between Bos taurus and local Bos indicus breeds on a very large scale (20 million). This strategy is being emulated on a smaller scale in many other countries whose native populations are of Bos indicus type.
The most obvious way to implement strategy would be to simply import Bos taurus cattle to tropical areas. In recent decades, some successes have been achieved, particularly in the dry tropics. Essien (2003) and Essien and Adesope (2003) reported that F1 crossbreds had heavier birth weight than purebreds (Gaines et al., 1966; Ibrahim et al., 2015), supported by Lawson and Peters (1964) who in addition reported that crossbreds were better in preweaning growth rate and weaning weight. Already Christian et al., (1965) reported that birth weight was positively correlated (0.62) to weaning weight which was significant (P<0.05). Hence a cross between imported German Brown to the local N’dama was believed could improve some poor productive performance of N’dama while incorporating its adaptability trait to the offsprings. 
The aim of the present investigation is to analyze records of crossbreeding effort carried out at the University of Ibadan, Nigeria between German Brown (Brown Swiss) and N’dama with the view to ascertain growth pattern of the crossbreds compared to the local N’dama breed. 
MATERIALS AND METHODS 
The data used were extracted from the cow performance records at the University of Ibadan Teaching and Research Farm dual purpose herd. The University of Ibadan is located in Ibadan with geographical indices of lying between latitude 7o00’N and 9o30’N and longitude 3o00’E and 4o00’E of the equator. The mean annual temperature is 1258mm and mean temperature is 31.3oC. It experiences two seasons – dry and wet. Dry season starts November and ends February while wet season starts March to October (Adejuwon 2022)
The University of Ibadan farm received its first stock of German Brown (GB) from the German Government 1969 as good gesture. In 1973, additional stocks were imported to meet the increasing demand for meat and milk and their products and research activities.
The crossing of the German Brown cattle with the N’dama (NDL) started in 1974. The crossbreeding programme was undertaken to incorporate breed tolerance to trypanosomiasis, endemic disease in humid tropics which causes sleeping sickness. Several crossings involving direct, reciprocal and backcrosses of varying degrees were made in the process of developing trypanosomiasis-tolerant genotypes.
Management practices
The composite and parent breeds were on range depending mainly on availability of grasses to meet their nutrient requirements. However, feed supplementation with dry brewers’ grain and concentrates of approximately 10 - 14% crude protein and 11-13KJ of energy were made available to the animals once a day at the rate of 2kg 100kg-1 of body weight.
Routine management practices were carried out including flushing, deworming, spraying against endo- and ecto-parasites, vaccination against rinderpest, pluero=pneumonia, black quarter, septicaemia, antrax, foot and mouth diseases and weekly weight recording. Lactating animals were milked twice a day (morning and evening) and yield recorded per cow. 
The calves were weaned at six months and at about two years, heifers were exposed to bulls for breeding purposes. Birth weight and weight changes up to 12 months were recorded for each calf. After calving, calves were allowed to suckle their dams for the first 48 hours and then transferred.
Data collection and statistical analysis
A total of 368 records were used by genotypes. 
NDL (N’dama)									63
NDB1 (Mating of N’dama females to F1 males; 75% N’dama gene)		55
GBND (Pooled F1 and F2; 50% N’dama gene)					23
GBB2 (5/8 GB x 3/8 ND; NDB1 females mated to GB males; 37.5% N’dama)	30
GBB1 (3/4 GB x ¼ ND; mating of GB x GBND; 25% N’dama gene)		40
GBP (German Brown)								98

The least square means for birth weight was estimated by genotype, sex, year, season and parity. These effects were considered fixed and included in analysis of variance model as:
[bookmark: _Hlk209968568][bookmark: _Hlk209968601]Yijklmn = µ + Bi + Tj + Sk + Dl + Pm + eijklm
Where 
Yijklmn 	= birth weight
µ 		= overall mean
Bi		= effect of the ith genotype, where i = 1 – 6
Tj		= effect of the jth year, where j = 1 – 18
Sk		= effect of the kth season, where k = 1- 4
Dl		= effect of the lth sex, where l = 1 – 2
Pm		= effect of the mth parity, where m = 1 – 11
Eijklmn	= random and independent error term distributed normally with zero mean and         variance 0e2
For the study on growth, records collected were on 30 GBP, 17 GBND, 18 GBB1, 42 NDB1, 5 GBB2, Weights at birth, 90-days, 180-days, 240-days and 365-days were looked at one at a time between genotypes with t-test statistics at 5% level of significance. The average daily gain (determined as difference between two ages divided by the number of days within the age period) was studied at 0 – 60, 60 – 120, 120 – 180, 180 – 240, 240 – 300 and 300 -365 days within genotype, sex, season, and parity.
In all the analysis of variance, differences between the least square means were compared using the Duncan Multiple Range test.
The Pearson correlation coefficient and regression estimates (with their probability levels) were made for some growth traits using the formulae
Correlation (r)		=	xy / ۷(x)(y)
and 
Regression		=	Y = a + bx
The expected performance for the 0, 25, 50F1, 50F2, 75 and 100 N’dama inheritance were estimated. The formula used was:
Mean 		=	µ + XA + TH
Where
Mean		=	expected average performance for the trait under consideration
µ		=	overall mean value in the population
A		=	additive difference between the two parental strains (P2 – P1)
H		=	heterosis displayed by the F1 offspring; F1 – (P2 – P1) / 2
X		=	proportion of genes contributed by the two strains
T		=	expected level of heterozygosity
Thus
P1	=	µ
P2	=	µ + (1)A
F1	= 	µ + (1/2) A + (1) H
F2	=	µ + (1/2) A + (1/2) H
B1	=	µ + (1/4) A + (1/2) H
B2	=	µ + (3/4) A + (1/2) H
The choice of P1 used in setting the µ depended on the performance character in question, that is, the parental breed with expected lower estimate in a particular performance trait becomes P1, thus, F1 became the proportion of genes contributed by the second parent, P2. B1 meant backcross to the first parent (P1), B2 meant backcross to the second parent (P2). 
RESULTS
Table 1 below shows the mean birth weight for the various genotypes, sex, year of birth and parity. The means differ significantly (P<0.05).
	TABLE 1: Mean birth weight by genotypes, sex, year of birth and parity of cow

	Genotype
	No
	LSMean
	SEM
	Percentage level of local N’ama gene 

	NDL
	63
	20.87cd
	1.59
	100

	NDB1
	55
	18.25d
	1.71
	75

	GBND
	23
	21.68cd
	1.01
	50

	GBB2
	29
	22.42bc
	1.12
	37.5

	GBB1
	47
	25.45ab
	0.89
	25

	GBP
	98
	28.70a
	0.83
	0

	Sex
	
	
	
	

	Male
	173
	23.41a
	0.81
	

	Female
	160
	23.38a
	0.81
	

	Season
	
	
	
	

	Early dry
	93
	21.75b
	0.88
	

	Late dry
	75
	23.38a
	0.93
	

	Early rain
	71
	22.84ab
	0.90
	

	Late rain
	94
	23.61a
	0.90
	

	Year
	
	
	
	

	1970
	3
	23.23bcdef
	2.77
	

	1971
	8
	27.89ab
	1.93
	

	1972
	17
	25.29abcde
	1.99
	

	1973
	21
	26.42abc
	1.54
	

	1974
	12
	29.22a
	1.69
	

	1975
	33
	25.40abcd
	1.22
	

	1976
	41
	24.14cdef
	1.16
	

	1977
	44
	23.97bcdef
	1.06
	

	1978
	39
	23.10bbcdef
	1.04
	

	1979
	14
	20.31efg
	1.39
	

	1980
	20
	19.43fg
	1.21
	

	1981
	23
	20.08fg
	1.11
	

	1982
	18
	20.62defg
	1.21
	

	1983
	17
	20.59defg
	1.26
	

	1984
	11
	22.33cdefg
	1.41
	

	1985
	-
	-
	-
	

	1986
	5
	19.81fg
	2.11
	

	1987
	7
	17.41g
	1.78
	

	Parity
	
	
	
	

	1
	68
	21.19ab
	0.69
	

	2
	59
	22.46ab
	0.78
	

	3
	45
	25.43a
	0.93
	

	4
	41
	24.90a
	1.06
	

	5
	31
	26.65a
	1.22
	

	6
	19
	24.94a
	1.60
	

	7
	15
	23.16ab
	2.13
	

	8
	13
	18.70b
	2.73
	

	9
	12
	20.85ab
	3.13
	

	10
	11
	21.36ab
	4.61
	

	Unknown
	19
	22.22ab
	1.09
	


[bookmark: _Hlk210644436]Within variable groups, column means with the same letter do not differ significantly (P>0.05)
The exotic German brown had the highest birth weight (28.7kg) which did not differ significantly (P>0.05) from the 25% N’dama inheritance (25.45kg). The least birth weight was the 75% N’dama inheritance (18.25kg) which did not differ significantly (P>0.05) from the local Ndama (20.87kg). In between these extremes are the weights of the 50% and 37.5% crossbreds.
The effect of sex on birth weight was not significant (P>0.05). However, year of birth and parity of cow had significant (P<0.05) effects on birth weight.

Fig. 1: Line graph representation of LSmean birth weight of the different genotypes.

Fig. 2: Bar graph of LSmean of birth weight for the different genotypes
From Figs. 1 and 2, there was progressive increase of LSmean birth weight from the 75% N’dama-bred calves to 25% N’dama-bred calves. The exotic German brown had the heaviest of 28.70kg and the lowest was 18.25kg by the NDB1 (75% N’dama-bred) genotype, lower than the local N’dama calves, which was 20.87kg. 
Further, in Table 2, the growth of these calf genotypes was studied at different ages; preweaning, weaning and 12 months.
	TABLE 2: Weight of calves from birth - 12 months of age by genotype (kg)
	

	AGE (months)
	NDL
	NDB1
	GBND
	GBB2
	GBB1
	GBP
	SEM

	Birth weight
	20.87cd
	18.25d
	21.68cd
	22.42bc
	25.45ab
	28.70a
	1.02

	1
	21.00c
	20.60c
	22.01b
	23.02b
	25.59ab
	31.50a
	1.02

	2
	23.40c
	24.60c
	31.00ab
	25.70bc
	31.20ab
	38.20a
	0.96

	3
	30.10c
	31.00c
	44.20ab
	33.20bc
	39.20b
	48.20a
	1.56

	4
	38.70c
	40.20c
	59.5ab
	41.50c
	48.60bc
	62.40ab
	1.36

	5
	45.60c
	49.90c
	71.10a
	49.00c
	60.00b
	72.9a
	1.19

	[bookmark: _Hlk210767973]6
	56.75c
	56.40c
	86.30a
	56.00c
	75.70b
	84.40a
	1.38

	7
	61.45c
	63.70c
	103.00a
	66.00b
	85.30b
	91.60ab
	1.00

	8
	69.50c
	71.10c
	113.30a
	70.00c
	93.14b
	99.60ab
	1.32

	9
	78.25c
	88.00bc
	127.70a
	85.00b
	102.90bc
	108.7ab
	2.07

	10
	83.60c
	92.8bc
	144.60a
	88.50c
	105.90b
	116.40b
	1.56

	11
	91.34c
	101.50bc
	158.30a
	100.00bc
	109.77bc
	120.60b
	0.94

	[bookmark: _Hlk210768427]12
	96.84c
	111.50bc
	163.50a
	112.00bc
	118.7bc
	128.60b
	2.11


Within variable groups, row means with the same letter do not differ significantly (P>0.05)
At weaning considered to be six months, the exotic GBP and crossbred GBND (50% N’dama gene) were significantly (P<0.05) heavier than the 25% N’dama inheritance (GBB1), which in turn had similar (P>0.05) weight with the 37.5% N’dama gene (GBB2) but was significantly (P<0.05) heavier than the 75% N’dama gene (NDB1) and the local N’dama (NDL) calf. These later calves were not significantly (P>0.05) different from each other. At 12 months, the GBND was significantly (P<0.05) heavier than all the crossbreds and the purebreds. The lowest was the local N’dama (96.84kg) though its weight was not significantly (P>0.05) different from crossbreds NDB1, GBB1 and GBB2.

Fig. 3: Line graph representation of six-month weight of the different genotypes

Fig. 4: Bar graph of the six-month weight of the different genotypes
Figs. 3 and 4 above showed that the highest six-month weight was attained by the 50% N’dama-bred calves (86.30kg), though not significantly (P>0.05) different from the exotic GBP (84.40kg) but significantly (P<0.05) different from the other crossbreds and local NDL. This might suggest the influence of gene dominance rather than additive influence, that is, heterotic or hybrid vigor. 

Fig. 5: Line graph representation of 12-month weight of the different genotypes

Fig. 6: Bar graph of 12-month weight of the different genotypes
Figs. 5 and 6 continuing, showed the significant (P<0.05) increase in 12-month weight of the GBND (163.5g) over the exotic GBP (128.60kg) and all other genotypes. Instructive is the numerical advantage of the NDB1 (111.50kg) over the local NDL (96.84kg) at 12-months though not significantly (P>0.05) different. This trend suggests both the interplay of additive genes and dominance. In other words, regarding weight at 12 months, the crossbreeding genetic principles of additive and dominance gene effect could have been observed to be at play.
In Table 3 below, their average daily weight gain was investigated at 60-days intervals given a range of six periods including the average gain from 1 month of age to 12 months.
	TABLE 3: Average daily weight gain (kg/day) by genotype at different age periods
	

	AGE PERIODS (days)
	NDL
	NDB1
	GBND
	GBB2
	GBB1
	GBP
	SEM

	0 – 60
	0.04c
	0.07bc
	0.15a
	0.05bc
	0.09bc
	0.11ab
	1.29

	60 – 120
	0.14b
	0.15b
	0.26a
	0.14b
	0.16ab
	0.24a
	1.02

	120 – 180
	0.19b
	0.11c
	0.25a
	0.17bc
	0.26a
	0.19b
	1.56

	180 – 240
	0.13ab
	0.12ab
	0.17a
	0.07b
	0.13ab
	0.13ab
	1.38

	240 – 300
	0.09bc
	0.08bc
	0.28a
	0.06c
	0.05c
	0.13ab
	2.07

	300 – 365
	0.09c
	0.17b
	0.09c
	0.15b
	0.15b
	0.26a
	2.11

	[bookmark: _Hlk210690840]1 – 365
	0.21c
	0.32a
	0.39a
	0.24bc
	0.26b
	0.27b
	1.23


Within variable groups, row means with the same letter do not differ significantly (P>0.05)
What is evident is at 180 – 240 period, the average daily weight gain (though showed some significant differences at 5% level) had the local N;dama (0.13kg) not significantly (P>0.05) different from purebred German brown (0.13kg), GBB1 (0.13kg) and NDB1 (0.12kg) but significantly (P<0.05) better than crossbred GBB2 (0.07kg). In all other periods, the local N’dama was lowest. The 50% N’dama inheritance (GBND) gained significantly (P<0.05) more weight in almost all periods except at 300 – 365 ages where it gained lowest (0.09kg) similar (P>0.05) to local N’dama. The exotic German brown (GBP) shared this significant (P>0.05) gain more with the GBND. However, the average daily gain from 1 – 12 months revealed that GBND (0.39kg) maintained this significant (P<0.05) superiority in gain over purebred German brown (0.27kg) and N’dama (0.21kg) as well as crossbreds GBB2 (0.24kg) and GBB1 (0.26kg) but did not differ significantly from crossbred NDB1 (0.32kg) which had 75% N’dama inheritance.

Fig. 7: Line graph of average daily weight gain of the different genotypes

Fig. 8: Bar graph of the average daily weight gain of the genotypes
Figs. 7 and 8 showed clearly that 50% and 75% N’dama-bred calves grew better than all other genotypes on daily basis. 
A look at Table 4 below revealed strong positive correlation between 12month weight and birth weight in most of the genotypes except 50% N’dama inheritance. This also reflected in the regression equation. The study showed that birth weight was a better predictor of 12month weight with the associated levels of significance.
	TABLE 4: Correlation coefficient (r) and regression equation of 12-month weights (12mowt) on birth weight (bwt) for different genotypes

	GENOTYPE
	R
	REGRESSION EQUATION
	Seb
	SIGNIFICANCE

	NDL
	0.41*
	3mowt = 44.80 + 2.49bwt
	1.34
	*

	NDB1
	0.29*
	3mowt = 50.10 + 2.69 bwt
	0.69
	*

	GBND
	-0.33
	3mowt = 188.0 – 1.14 bwt 
	1.13
	**

	GBB2
	0.30
	3mowt = 55.30 + 2.56 bwt
	0.27
	*

	GBB1
	0.58**
	3mowt = 59.32 + 2.31 bwt
	0.38
	**

	GBP
	0.42*
	3mowt = 61.15 + 2.30 bwt
	0.59
	*


[bookmark: _Hlk210685729]Note: * =  Significant (P<0.05) 	** =  Significant (P<0.10)	12mowt = u + b (bwt)
DISCUSSION
At birth the purebred German brown (GBL) birth weight of 28.71kg was lower than the reported mean birth weight of 37.2kg and 46. 5kg for Brown Swiss calves (Ertugrul et al., 2000; Legault and Touchberry 1962 respectively). However, it agrees with the report of Osei et al. (2025) of lowered birth weight of exotic cattle in the tropics. On the other hand, the mean birth weight of local N’dama of 20.87kg falls within the range of 15 – 20kg reported by Anlika (1964) and Ngere and Cameron (1972). Between the crossbreds, increase in exotic inheritance from 25% to 75% resulted in an increase in birth weights with an average of 0.144kg for every 1% increase in exotic blood. This was from a minimum of 18.25kg birth weight for NDB1 to a maximum of 25.45kg for GBB2. The better performance of most of the crossbreds (GBND, GBB2 and GBB1) over the local N’dama found in this study supports the views of Anlika (1964), Olutogun (1976), Essien (2003) and Essien and Adesoye (2003) that crosses involving N;dama as the local have higher average birth weight than the local N’dama.
The study revealed that year of birth had effect on the calf birth weight supporting the works of earlier research (Tahbaur-Mbap 1985; Laseinde 1978; Malau-Aduli et al., 1996). In this study calves born early years of the experiment were heavier than later years in the experiment. This could be as a result of change in the feeding practice. Concentrate supplementation mainly to pregnant and lactating cows was practiced in the early years, but later discontinued. Hafez (1962) reported that nutritional status of the cow during pregnancy affects the birth weight of the calves supported by Barcelos et al., (2022) that an association between prenatal energy and protein supply affects the offspring birth weight, weaning weight, and the daily weight gain of pregnant beef cows during pregnancy.
[bookmark: bau10a9-profile]Furthermore, there was seasonal effect on the weight of calves born within seasons. Those born during the rains were significantly (P<0.05) heavier than those born during the early dry period but did not differ significantly (P>0.05) from those born during the late dry season. This supports the work of Adeneye et al., (1977) and Olayiwole et al., (1973) that calves born during the wet season had heavier weights than those born during the dry season because of the availability of lush pasture to the dam during pregnancy. This has been known to affect the pre-natal development of calves (Barcelos et al., 2022; Brost and Drackley 2025).
Sex had no effect on calf birth weight in this study contrary to the works of Ehiobu (1979) and Kabuga and Alhassan (1981) who reported that male calves weighed significantly (P<0.05) more than female calves.  
Birth weight increased from 1st parity to the 5th parity. This supports the views of Senbeta et al. (2024) that the increase to the 4th or 5th parity could be the result of physiological maturity attained by the heifers. These heifers may have had smaller pelvic area at the younger age which with maturity widens (Hoka et al. 2019; Yakubu et al. 2014).
Using average daily weight gain from 1st to 12th month as a measure of growth trend, crossbreds have been shown to grow faster than purebreds in crosses with N’dama and had heavier 12th month weights (Essien and Adeoye 2003). Similarly, crosses of German brown have been shown to perform better in growth than purebred German brown in the tropics (Bhatnargar et al., 1972). The results in this study showed that crossbred GBND calves performed better than the exotic GBP calves. In addition to this significant (P<0.05) performance of the 50% against the purebred German brown, the 75%, 62.25% and 25% German brown inheritance had similar (P>0.05) weights at 12 months to the purebred German brown. They were nominally heavier than the purebred local N’dama but the differences were not significant (P>0.05). On the average the 50% German brown inheritance (GBND) gained significantly (P<0.05) more weight from 1st to the 12th month than all the genotypes except the 25% German brown inheritance (NDB1). This crossbred has 75% N’dama inheritance and though it had the lowest birth weight, it gained more daily weight to the 12th month similar to GBND to compensate for the low birth weight (Table 3, Fig. 7 and Fig. 8). This gain reflected in the similar (P>0.05) 12-month weight it had with GBP, GBB2 and GBB1. It may be the result of the higher N’dama gene level at 75% N’dama blood that enhanced its ability to adapt to the local environment thus may have improved its feed conversion and utilization capacity.   
The correlation coefficient and regression equation (Table 4) examined showed that birth weight was a good predictor of the 12-month weight. Correlation coefficient was positive for genotypes NDL, NDB1, GBB2, GBB1 and GBP except GBND which was negative. This negative value also reflected in the regression equation for GBND genotype. However, all the associations were high and significant at 5 or 10% levels. This meant that a unit rise in birth weight resulted to a 2.5kg, 2.7kg, 2.6kg, 2.3kg and 2.3kg increase in 12-month weight of NDL, NDB1, GBB2, GBB1 and GBP respectively while resulting in a decrease of -1.1kg in 12-month weight of GBND. 
Earlier, in a crossbreeding exercise, Essien (2003) and Essien and Adesope (2003) found that N’dama F1 crossbreds were generally superior in various body and growth traits compared to purebred lines, a phenomenon they attributed to the effect of heterosis (hybrid vigor), which agrees with the current finding. Different researchers have at various times and in various locations found this heterotic effect (Ibrahim et al. 2015; Theunissen et al. 2013) on crossbred performance and Mendoca et al., (2019) noted the particularly substantial benefits of Bos taurus x Bos indicus crosses over Bos taurus x Bos taurus crosses where the gap between the two parental breeds must be large for heterosis to be maximized. However, Beneberu and Wodajo (2024) found that the actual productive and reproductive performance of crossbred cows in Ethiopia was generally below their expected potential and they emphasized that management factors (feed quality and quantity, health management, and heat detection) are critical for realizing the genetic potential of crossbred cattle in tropical environments. 
In essence, given these reports of breed (additive) and environmental (non-additive) effect in crossbreeding programmes, the current crossbreeding program identified the optimal blend of genetics for performance in 50% N’dama-bred and 75% N’dama-bred under the existing Ibadan environmental and management conditions, where they outperformed both parental purebred German brown and N’dama breeds in average daily weight gain to 12-month age thus making them significantly (P<0.05) heavier than both parental breeds at 12 months.
CONCLUSION 
The results of the crossbreeding program indicate the successful exploitation of heterosis (hybrid vigor) and suggest that the optimum genetic balance for superior growth performance in the local environment is achieved at 50% to 75% local blood levels. Pure German brown, while potentially having higher genetic potential for growth in ideal conditions, were less adapted to the local environment, leading to reduced performance compared to the crossbreds. The following key conclusions can be drawn from the result:
· Significant Heterosis: The superior performance of the 50%- and 75% N’dama blood over both the local N’dama and pure German brown is a clear demonstration of hybrid vigor, where they performed better than the average of their parents both in 12-month weight and average daily weight gain from birth to 12 months.
· Optimal Exotic Inheritance Level: The findings suggest that the ideal proportion of exotic inheritance for maximizing 12-month weight gain in this specific environment is around 50% to 75%. This level appears to combine the adaptability and disease resistance of the indigenous N’dama cattle with the superior growth potential of the exotic German brown.
· Environmental Adaptation:  The local N’dama adaptive traits conferred an advantage to the crossbred progeny.
· Breed Complementarity: The results show positive breed complementarity, where the strengths of the local N’dama (hardiness, adaptability) and the exotic German brown (inherent growth rate) complement each other to produce an overall superior animal (50%- and 75% N’dama blood) for the local Ibadan environmental conditions.
· Management Considerations: The success of the 50% and 75% crosses implied that the University of Ibadan farm management conditions (feeding, health care, etc.) were sufficient to support these crossbreds but may not have met the higher, more intensive demands of the pure German brown animals. 
RECOMMENDATIONS
The following recommendations are therefore made:

· Further effort should focus on maintaining the 50% to 75% N’daama blood level as they reveal optimum performance in the Ibadan environment
· A structured breeding system should exploit this 50%- and 75%- genetic proportion; whether synthetic breed development, rotational or crisscrossing, use bulls from 50-75% exotic blood levels for general crossing with the main local population to propagate the desired traits effectively. 
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Total	
GBP	GBB1	GBB2	GBND	NDB1	NDL	0.0	25.0	37.5	50.0	75.0	100.0	84.4	75.7	56	86.3	56.4	56.75	Percentage level of N'dama gene 
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AVERAGE 12-MONTH WEIGHT IN KG




Total	
0.0 GBP	25.0 GBB1	37.5 GBB2	50.0 GBND	75.0 NDB1	100.0 NDL	128.6	118.7	112	163.5	111.5	96.84	Percentage level of N'dama gene
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AVERAGE DAILY WEIGHT GAIN IN KG




Total	
0.0 GBP	25.0 GBB1	37.5 GBB2	50.0 GBND	75.0 NDB1	100.0 NDL	0.27	0.26	0.24	0.39	0.32	0.21	Percentage level of N'dama gene


Average daily weight gain



AVERAGE DAILY WEIGHT GAIN IN KG






Total	
GBP	GBB1	GBB2	GBND	NDB1	NDL	0.0	25.0	37.5	50.0	75.0	100.0	0.27	0.26	0.24	0.39	0.32	0.21	Percentage level of N'dama gene 


Average daily weight gain



AVERAGE BIRTH WEIGHT IN KG




Total	
0.0 GBP	25.0 GBB1	37.5 GBB2	50.0 GBND	75.0 NDB1	100.0 NDL	28.7	25.45	22.42	21.68	18.25	20.87	Percentage level of N'dama gene
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