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CROSSBREEDING OF GERMAN BROWN x N’DAMA CATTLE AT IBADAN – II - Reproductive performance of the purebreds and crossbreds

ABSTRACT
[bookmark: _Hlk214605450]A crossbreeding programme between purebred German brown and N’dama was carried out at the University of Ibadan Teaching and Research farm between 1970 – 1988. Reproductive data of 537 purebred and crossbreds’ records from the programme were used for this analysis involving purebred German brown (GBP), purebred N’dama (NDL), 75% N’dama-bred, 50% N’dama-bred, 37.5% N’dama-bred and 25% N’dama-bred based on the level of N’dama gene inheritance. The least square means and analysis of variance procedure for unequal subclass number as outlined by SAS (1990) was used in the analysis. Calving rate (%) of the 50% and 75% N’dama inheritance were 53.04% and 51.06% respectively and significantly (P<0.05) better than calving rate for all other genotypes, which were significantly (P>0.05) not different from each other. However, age at first calving for 37.5%-, 25%- and 50% N’dama-bred were 26.72, 31.23 and 33.96 months respectively, and were significantly (P<0.05) younger than those of the exotic German brown (40.12 months), 75% N’dama crossbred (42.05 months) and local N’dama (43.65 months). Calving interval (months) for crossbreds 37.5%-, 75%- and 50% N’dama-bred were 11.41 months, 12.01 months and 12.81 months respectively, were significantly (P<0.05) shorter than German brown, 25% N’dama-bred and N’dama cows with intervals of 15.85 months, 15.91 months and 15.97 months respectively. This study concluded that 75% N’dama-bred and 50% N’dama-bred including 37.5% N’dama-bred performed better than the purebreds and 25% N’dama-bred cows. The finding suggested improved performance with moderate-high N’dama inheritance.
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INTRODUCTION 
In Nigeria, despite the economic and social importance of cattle, the productivity over the years in Nigeria has remained poor. Nutrition, thermal stress, diseases and management are some of the major constraints to production. Other factors include such reproductive limitations as late age at sexual maturity, late age at first calving, higher number of services per conception and long calving interval (Sheferaw et al., 2003). Long calving interval reduces the total number of calves in a cow's productive lifetime. It is however influenced by nutrition, season, milk yield, parity and suckling (Das et al., 1999; Obese et al., 1999). Another major factor affecting reproductive performance in cattle is the genetic constitution or make up of the dam. The age at first calving of the N’dama for example in Nigeria ranged from 26 - 56 months compared to 31 months for Brown Swiss. Similarly, the calving interval of N’dama is 14 – 19 months (FAO 2025a) compared to Brown Swiss of 15 months. 
This difference in reproductive performance between the European and African breeds becomes a subject of exploration to reduce the earlier mentioned reproduction gap between the developed nations and developing nations through crossbreeding. Crossbreeding in Africa has yielded mixed results, with some programs demonstrating significant improvements while others have faced challenges related to adaptation and sustainability. While crossbreeding can accelerate genetic progress and increase yields in areas like reproduction, milk and meat production, it also poses risks to local breeds and may not always be a one-size-fits-all solution due to diverse environmental conditions and farming practices (Kathambi et al., 2025).
To this extent, FAO (2025b) 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 2025b). 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.
[bookmark: _Hlk214587061]Particularly, the most important thing would be to harness genetic differences among indigenous cattle in each community for upgrading activities. The trait of most importance would then be the mortality and reproductive capacity of the cattle type. It could be concluded that under the subtropical environmental conditions, exotic cows are more sensitive to high ambient temperatures and harsh environments compared to indigenous cows. This predisposes the exotic cows to lower values for lifespan, productive life, cow efficiency index, and number of calvings compared to indigenous cows. Consequently, indigenous cows are considered promising local genetic resources that could guarantee more suitability in the long term than exotic cows, hence they should be subjected to sustainable genetic improvement for their productive and reproductive performance along with the suitable management practices (Amasri et al., 2023; Cooke et al., 2020; Amasaib et al., 2011).
In recent decades, some successes have been achieved, particularly in the dry tropics, where great efforts have been made to control disease, improve nutrition, and reduce climatic impact. In this respect, in Nigeria (and most other countries in West Africa) the purpose of most crossbreeding projects has been to upgrade the local cattle (Bos indicus and Bos taurus) towards a European breed (FAO 2025b) with the attendant risk of genetic erosion after longterm upgrading programme (Hossain 2025). Dinka (2012) reported improved crossbred performance in local Ethiopian community, which Effa et al., (2013), concluded that first generation crosses of all types, particularly those sired by Jersey semen were superior in all the lifetime performance traits considered in thier study while second generation (F2) crosses were inferior in all the lifetime productivity indicators and supported by Carlos and Mariana (2023).
[bookmark: _Hlk214588375]Considering some reproductive performance, Wassie et al., (2015) reported high age at first calving for crosses (41-45 months) while Belay et al., (2012); Emebet and Zeleke (2007) and Yifat et al., (2009) reported moderate ages (32.1 – 36.2 months). Calving interval of 456  5.4 days was reported by Gebeyehu et al., (2007) and it was lower than the 562 days reported by Amene et al., (2011) and Nuraddis et al., (2011) of 412 days 13.93 months in Ethiopia. 
Accordingly, records from the dual-purpose crossbreeding effort between purebred German Brown and local N’dama purebred from 1970 to 1988 was analyzed with the aim to determine whether there was an improvement in the reproductive traits of the N’dama crossbreds compared to the local N’dama.
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 Brown Swiss (BS) 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 (N’d) started in 1974. The crossbreeding programme was undertaken to incorporate breed tolerance to trypanosomiasis, an endemic disease in humid tropics which causes sleeping sickness. Several crossings involving direct, reciprocal and backcrosses of varying degrees were 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. Date, number of services per conception, calving rate, nature of calving and number of calving were recorded for each cow as well as birth weight, weekly weight recording, weaning weight. After calving, claves were allowed to suckle their dams for the first 48 hours and then transferred.
Data collection and statistical analysis
The purebreds and crosses are symbolized as follows: 
NDL (N’dama born on the farm)							75
NDB1 (Mating of N’dama females to F1 males; 75% N’dama gene)		68
GBND (50% N’dama gene)								65
GBB2 (5/8 GB x 3/8 ND; NDB1 females mated to GB males; 37.5% N’dama)	40
GBB1 (3/4 GB x ¼ ND; mating of GB x GBND; 25% N’dama gene)		56
GBP (German Brown imported and born locally)					233
TOTAL										537

A total of 170 cows composed of 50 GBP, 13 GBB1, 20 GBB2, 40 GBND, 22 NDB1 and 25 NDL were used for the study. 
Calving rate was calculated as the percentage number of live calves born to the total number of cows of calving age (3+ years) from 1st – 5th parity for each genotype. Lifetime output of the different breeds was calculated as the total number of calves born per cow genotype over her entire herd life. The data was restricted to the 1st - 5th parity because of fair representation of all genotypes within this boundary and of paucity of data from the 6th – 10th parity. In addition, parity was used against year due to inadequate genotypic representation within each year. The least square means and analysis of variance procedure for unequal subclass number as outlined by SAS (1990) was used in the analysis. The analytical model for age at first calving is as written below:
[bookmark: _Hlk209968568][bookmark: _Hlk210010342][bookmark: _Hlk209968601]Yijlm = µ + Bi + Tj + Sk + Dl + Pm + eijklm
Where 
Yijklm	`	= age at first calving
µ 		= overall mean
Bi		= effect of the ith genotype, where i = 1 – 6
Kj		= effect of the jth year, where j = 1 – 16
Sl		= effect of the kth season, where k = 1- 4
Eijklm	= random and independent error term distributed normally with zero mean and         variance 0e2
For the analysis of calving interval, a total of 272 records were collected comprising of 121 GBP, 13 GBB1, 20 GBB2, 46 GBND, 47 NDB1 and 25 NDL. The model adopted for analysis of variance in calving interval was;
Yijklmn = µ + Bi + Tj + Sk + Dl + Pm + eijklmn
Where 
Yijklm	`	= calving interval (the interval between two successive calvings)
µ 		= overall mean
Bi		= effect of the ith genotype, where i = 1 – 6
Tj		= effect of the jth year, where j = 1 – 17
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 - 10
Eijklmn	= random and independent error term distributed normally with zero mean and         variance 0e2

RESULTS
Tables 1 and 2 below shows the calvings for each genotype within parities and the non-calvings as well. 
	[bookmark: _Hlk211557593][bookmark: _Hlk211557624][bookmark: _Hlk211238101]TABLE 1: The percentage of breeding cows reproducing by genotype by parity 

	PARITY
	NDL
	NDB1
	GBND
	GBB2
	GBB1
	GBP

	1
	28.00(7)
	46.81(22)
	52.17(24)
	45.00(9)
	53.85(7)
	53.72(65)

	2
	36.00(9)
	63.83(30)
	71.74(33)
	60.00(12)
	38.46(5)
	57.85(70)

	3
	24.00(6)
	70.21(33)
	76.09(35)
	50.00(10)
	15.38(2)
	45.46(55)

	4
	20.00(5)
	48.94(23)
	47.83(22)
	25.00(5)
	-
	16.53(20)

	5
	8.00(2)
	25.53(12)
	17.39(8)
	10.00(2)
	-
	6.61(8)

	[bookmark: _Hlk211555549]AVERAGE
	23.20
	51.06
	53.04
	38.00
	21.54
	36.03

	BREEDING 
	25
	47
	46
	20
	13
	121

	COWS
	
	
	
	
	
	


In bracket are the number of reproducing cows from 1st – 5th parity. 

	TABLE 2: The percentage of non-reproducing cows by genotype by parity 
	PARITY
	NDL 
	NDB1 
	GBND 
	GBB2 
	GBB1 
	GBP 

	1
	72.00(18)
	53.19(25)
	47.83(22)
	55.00(11)
	46.15(6)
	46.28(56)

	2
	64.00(16)
	36.16(17)
	28.26(13)
	40.00(8)
	61.54(8)
	42.15(51)

	3
	76.00(19)
	29.79(14)
	23.91(11)
	50.00(10)
	84.62(11)
	54.54(66)

	4
	80.00(20)
	51.06(24)
	52.17(24)
	75.00(20)
	-
	83.47(101)

	5
	92.00(23)
	74.47(35)
	82.61(38)
	90.00(18)
	-
	93.39(113)

	AVERAGE
	76.80
	48.94
	46.96
	62.00
	78.46
	63.97

	BREEDING 
	25
	47
	46
	20
	13
	121

	COWS
	
	
	
	
	
	


In bracket are the number of non-reproducing cows from 1st – 5th parity


[bookmark: _Hlk211709122]From Tables 1 and 2 above, many more cows fail to reproduce as 78.4% of the 25% N’dama inheritance (GBB1), 76.80% purebred N’dama, 63.97% purebred Germana brown and 62% of 37.5% N’dama inheritance on the average fail to reproduce within the 1st – 5th parities. Only 50% and 75% N’dama inheritance (GBND and NDB1 respectively) had more than half of the cows calving per parity on the average with values of 46.96% and 48.94% non-reproduction.
Consequently, the average calving rate (%) of the genotypes revealed better performance by the 50% and 75% N’dama inheritance (GBND and NDB1 respectively) at 53.04% and 51.06% respectively which were significantly (P<0.05) better than for GBB2 (28%) and GBB1 (21.54%.) crossbreds as well as GBP (36.03%) and NDL (23.20%) purebreds, which were significantly (P>0.05) not different (Figs 1, 2 and Table 3).
	TABLE 3: Some reproductive performance indices by genotypes (extracted from Table 1)

	PARITY
	NDL
	NDB1
	GBND
	GBB2
	GBB1
	GBP
	SEM

	NB
	29
	120
	117
	38
	14
	218
	

	BC
	25
	47
	46
	20
	13
	121
	

	Parity
	7
	10
	8
	5
	3
	7
	

	CR (%)
	23.20b
	51.06a
	53.04a
	38.00b
	21.54b
	36.03b
	2.45

	LO
	1.16c
	2.55ab
	2.54ab
	1.90b
	1.08c
	1.80a
	0.06


NB = Number of births    BC = Number of breeding cows    CR = Calving rate     LO = Lifetime output 

Fig. 1: Line graph representation of average percentage calving rate of the genotypes 

Fig. 2: Bar graph of average percentage calving rate of the genotypes
[bookmark: _Hlk211709168]However, when the longtime output is considered, in this case calculated as the total number of calves born per cow over her entire herd life, the average genotypic lifetime output for NDB1 was 2.55 and 2.54 for GBND which were not significantly (P>0.05) different from each other but significantly (P<0.05) different from GBB2 at 1.90 and GBP at 1.80. These (GBB2 and GBP) in turn were significantly (P<0.05) better than NDL (1.16) and GBB1 (1.08). The foregoing establishes better performance in calving rate and lifetime output with increased N’dama inheritance (50% GBND and 75% NDB1) other than exotic German brown inheritance.


Fig. 3: Line graph of average longtime output of the genotypes

Fig. 4: Bar graph of the average lifetime output of the genotypes
Figs. 1-4 showed the improved calving rate (%) and longtime output in favour of 50%- and 75% N’dama-bred cows.  
Furthermore, this trend of GBND and NDB1 performing better in calving rate and lifetime output was investigated by looking at the least square means of the various age at 1st calvings for the various genotypes shown in Table 4 below.
	TABLE 4: LSMean of age at first calving (months) by genotypes 

	GENOTYPE
	NO
	LSMEAN
	SEM

	NDL
	25
	43.65c
	4.23

	NDB1
	22
	42.05bc
	6.22

	GBND
	40
	33.96ab
	3.46

	GBB2
	20
	26.72a
	5.34

	GBB1
	13
	31.23ab
	7.01

	GBP
	50
	40.12bc
	3.60

	SEASON
	
	
	

	EARLY DRY
	45
	44.57b
	2.71

	LATE DRY
	42
	40.38b
	3.11

	EARLY RAIN
	42
	31.79a
	2.82

	LATE RAIN
	41
	32.75a
	3.09

	YEAR
	
	
	

	1970
	12
	25.96a
	6.66

	1971
	12
	43.36bc
	5.90

	1972
	10
	24.15a
	6.60

	1973
	12
	27.70a
	5.85

	1974
	13
	31.65abc
	3.84

	1975
	10
	41.72bc
	6.25

	1976
	11
	29.03abc
	6.05

	1977
	10
	31.86abc
	7.21

	1978
	12
	43.26bc
	8.00

	1979
	10
	37.46abc
	4.94

	1980
	10
	42.86bc
	4.68

	1981
	11
	41.70bc
	3.86

	1982
	11
	41.45bc
	3.53

	1983
	10
	43.12bc
	4.15

	1984
	8
	48.54bc
	8.59

	1985
	8
	44.15bc
	7.91

	Within variable groups, column LS Means with the same letter do not differ significantly from themselves (P>0.05)
[bookmark: _Hlk211709292]Table 4 above revealed that genotype, season and year of calving of the cows significantly (P<0.05) affected age at first calving. On the younger side of age at first calving, crossbreds GBB2, GBB1 and GBND had age at first calving (26.72, 31.23 and 33.96 months respectively) being significantly (P>0.05) similar. On the older side of age at first calving, the exotic GBP (40.12 months), crossbred NDB1 (42.05 months) and local NDL (43.65 months) were significantly (P>0.05) similar. 

Fig. 5: Line graph of average age at first calving of the genotypes

Fig. 6: Bar graph of average age at first calving of the genotypes
Figs. 5 and 6 showed that 50%-, 75%- and 100% N’dama-bred cows calved at older age (33.96 months, 42.01 months and 43.65 months respectively) when compared to the 37.5%-, 25%- and 0% N’dama-bred cows (26.67%-, 31.23%- and 40.12% respectively). 
The cows that calved during the rainy season (early rain with value of 31.79 months and late rains having 32.75 months) were significantly (>0.05) younger than those of the dry season (late dry of 40.38 months and early dry of 44.57 months). Within the rainy seasons and within the dry seasons, the differences were not significant (P>0.05), thus implying the effect of nutrition.
The year of calving significantly (P<0.05) affected age at first calving. Those calving in the early years, especially 1972 (24.15 months), 1971 (25.55 months), 1970 (25.96 months) and 1972 – 1973 (27.70 months) were significantly (P<0.05) younger than those born in later years (1980 – 1985) especially 1984 (48.54 months). This may suggest the influence of management as there were management changes over the years in the farm.
In addition, the calving interval of the genotypes was investigated shown in Table 5 below.
	TABLE 5: LSMean of calving interval (months) by genotypes 

	GENOTYPE
	NO
	LSMEAN
	SEM

	NDL
	25
	15.97b
	1.38

	NDB1
	47
	12.01ab
	1.19

	GBND
	46
	12.81ab
	0.86

	GBB2
	20
	11.41a
	2.31

	GBB1
	13
	15.91b
	3.43

	GBP
	121
	15.85b
	0.79

	SEX
	
	
	

	MALE
	143
	15.30b
	2.06

	FEMALE
	129
	12.35a
	1.09

	SEASON
	
	
	

	EARLY DRY
	70
	14.58b
	2.71

	LATE DRY
	87
	12.41a
	1.13

	EARLY RAIN
	63
	14.00b
	1.20

	LATE RAIN
	52
	14.31b
	1.30

	YEAR
	
	
	

	1970
	7
	11.02ab
	2.05

	1971
	8
	11.44ab
	2.94

	1972
	9
	12.69abc
	2.92

	1973
	15
	18.28cd
	1.88

	1974
	17
	10.36a
	1.82

	1975
	16
	10.17a
	1.76

	1976
	23
	11.93ab
	1.52

	1977
	27
	10.88a
	1.44

	1978
	24
	11.60ab
	1.49

	1979
	10
	13.96abcd
	2.06

	1980
	10
	18.60cd
	2.08

	1981
	19
	13.63abcd
	1.50

	1982
	20
	11.59ab
	1.46

	1983
	22
	11.86ab
	1.44

	1984
	13
	13.06abc
	1.79

	1985
	13
	10.23a
	1.67

	1986
	11
	17.30bcd
	1.86

	1987
	8
	19.48a
	1.87

	PARITY
	
	
	

	1
	53
	16.80b
	0.83

	2
	50
	15.49b
	0.97

	3
	55
	14.87ab
	1.11

	4
	50
	14.08ab
	1.24

	5
	35
	14.16ab
	1.43

	6
	16
	12.80ab
	1.77

	7
	6
	16.67b
	2.01

	8
	3
	12.77ab
	2.71

	9
	2
	12.19ab
	3.62

	10
	2
	10.43a
	3.59


[bookmark: _Hlk211709337]Within variable groups, column LS Means with the same letter do not differ significantly from themselves (P>0.05)

From Table 5 above, crossbreds GBB2, NDB1 and GBND (11.41 months, 12.01 months and 12.81 months respectively) though not significantly (P>0.05) different from each other, had significantly (P<0.05) shorter calving intervals than GBP, GBB1 and NDL with intervals of 15.85 months, 15.91 months and 15.97 months respectively. These were also not significantly (P>0.05) different from each other. Again, increased N’dama inheritance (75% for NDB1, 50% GBND and 57.5% GBB2) performed better than the purebreds and increased exotic inheritance (75% GBB1).



Fig. 7: Line graph of average calving interval of the genotypes



Fig. 8: Bar graph of the average calving interval of the genotypes

Figs. 7 and 8 showed that crossbreds 37.5%-, 50%- and 75% N’dama bred cows had shorter calving intervals (11.41 months, 12.81 months and 12.01 months respectively) than the exotic GBP (15.85 months), crossbred of 25% N’dama-bred (15.91 months0 and the local NDL (15.97 months).

Sex of calf had significant (P<0.05) effect on calving interval. Cows delivering female calves (12.35 months) had shorter calving interval than those delivering male calves (15.30 months). Cows delivering in late dry season (Jan. – Mar.) were significantly (P<0.05) shorter (12.41 months) than those calving in early rain (Apr. – June), late rain (July – Sept.) and early dry (Oct. – Dec.) with values of 14 months, 14.31 months and 14.58 which were not significantly (P>0.05) different from each other. The effect of year of calving was significant (P<0.05) but did not follow any pattern.



DISCUSSION
The study revealed only crossbreds of 50% and 75% N’dama inheritance (GBND and NDB1 respectively) had more than half of the cows calving per parity on the average but the other genotypes; purebred GBP and NDL including crossbreds GBB2 and GBB1 had less than half of their cows calving in each of the five parities. Consequently, the average calving rate (%) of the genotypes revealed better performance by the 50% and 75% N’dama inheritance (GBND and NDB1 respectively) at 53.04% and 51.06% respectively which were significantly (P<0.05) better than for GBB2 (28%) and GBB1 (21.54%.) crossbreds as well as GBP (36.03%) and NDL (23.20%) purebreds, which were significantly (P>0.05) not different from each other. These calving rates (%) though were low compared to the works of F.A.O (2025a) on N’dama cows and their crosses. 
To confirm the superiority of NDB1 and GBND crossbreds in calving rates, when the longtime output was considered, in this case calculated as the total number of calves born per cow over her entire herd life, the average genotypic lifetime output for NDB1 was 2.55 and 2.54 for GBND which were not significantly (P>0.05) different from each other but significantly (P<0.05) different from GBB2 at 1.90 and GBP at 1.80, these (GBB2 and GBP) in turn were significantly (P<0.05) better than NDL (1.16) and GBB1 (1.08). The foregoing establishes better performance in calving rate (%) and lifetime output with increased N’dama inheritance (50% GBND and 75% NDB1) as against German brown inheritance.
[bookmark: _GoBack]However, when the age at first calving was examined, crossbreds GBB2, GBB1 and GBND had age at first calving of 26.72, 31.23 and 33.96 months respectively, though significantly (P>0.05) similar, were significantly (P<0.05) younger those of the exotic GBP (40.12 months), crossbred NDB1 (42.05 months) and local NDL (43.65 months), which were significantly (P>0.05) similar. In view of the fact that GBB2, GBB1 and GBND crossbreds performed better than the purebreds but the 75% NDB1 performed like the purebreds supports the works of Kimenye and Russell (1975) that the intermediate crosses had better performance over their parental breeds with age at first calving.  
From the foregoing above, the calving interval was investigated and it revealed that crossbreds GBB2, NDB1 and GBND (11.41 months, 12.01 months and 12.81 months respectively) though not significantly (P>0.05) different from each other, had significantly (P<0.05) shorter calving intervals than GBP, GBB1 and NDL with intervals of 15.85 months, 15.91 months and 15.97 months respectively. These later intervals were also not significantly (P>0.05) different from each other. This factor threw up the superiority of NDB1, GBND including GBB2 which has 37.5% N’dama inheritance as performing better than the purebreds and the only crossbred with increased exotic inheritance (75% GBB1). The mean calving interval observed for the purebreds (GBP and NDL) were similar to the reports of FAO (2025a) . Further that the crossbreds had shorter calving intervals than the purebreds agreed with works of Frietas et al. (1980) and Parmer et al. (1980).  
The shorter calving intervals of 11.41 months for GBB2, 12.01 months for NDB1 and 12.81 months for GBND implied the possibility of yearly reproduction. It followed that crossbreds NDB1 and GBND had showed better calving rate (%) and longtime output over all other genotypes with GBB2 following, thus, 37.5% Ndama inheritance performed next to 50% GBND then 75% NDB1. 
The superior performance of the 50%-, 75%- and the 37.5% N’dama-bred crossbreds over the exotic German Brown supports the views of some researchers (Amasri et al., 2023; Cooke et al., 2020; Amasaib et al., 2011; Knob et al., 2020) that under the harsh subtropical environmental conditions, the exotic cows perform poorly. It also lends credence to the superiority of the crossbreds to the local N’dama as reported by Dinka (2012); Effa et al., (2013); Knob et al., 2020; Carlos and Mariana (2023); FAO (2025a). Specifically, some researchers have indicated earlier ages at first calving by crossbreds over the local breeds (Belay et al., 2012; Emebet and Zeleke 2007; Yifat et al., 2009) and shorter calving intervals of crossbreds over the local breeds (Gebeyehu et al., 2007; Amene et al., 2011; Nuraddis et al., 2011). 
These advantages of the crossbreds over the exotic and local cattle breeds, Cunningham and Syrstad (1987) referred to as hybrid vigor which is the combination of both additive and non-additive (dominance) effects of genes in the hybrids, often referred to as heterosis. Essien 2003 (quoting McDowell 1972) defined heterosis as the superiority of the hybrids over the average of the parental types or over either of the parental types. In animal breeding, this is usually expressed as mid-parent heterosis or the superiority of the F1 cross over the mean performance of the two parents. In this study the superiority of the 37.5%-, 50%- and 75% N’dama-bred over the mean of GBP and NDL (although the 25% N’dama-bred did not exhibit such performance advantage as most of them died early) in calving rate, longtime output, age at 1st calving and calving interval proves the interplay of the additive and dominant genes in the crosses thus enhancing their performances. This advantage of the crossbreds is suggested could be exploited to enhance the production of the hybrids in terms of milk yield, growth, fertility or to make the hybrids adapt better to the local Ibadan environment or any combination of the above characters as desired, not minding the risk of eroding the N’dama gene as suggested by Hossain (2025) in a long-term breeding programme.
CONCLUSION   
Crossbreeding N'Dama with exotic German brown improved reproductive performance, particularly with improved calving rate, more lifetime output, earlier age at first calving and shorter calving interval. For example, the 75%, 50% and in some measures 37.5% -bred crosses showed significantly higher calving rate, more lifetime output, earlier age at first calving and shorter calving interval compared to pure N'Dama and German brown. 
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