REVIEW OF LITERATURE
2.1. Productive and reproductive performance of dairy cows
Several researchers have been studied the productive and reproductive performances for the different dairy breeds and their crosses in different geographical locations e.g. Tadesse et al. (2010), Abraha et al. (2009), Kabir and Islam (2009), Kumaresan et al. (2009), Das et al. (2009),  Rehman et al. (2008), Amin and Nahar (2007) Ilatsia et al. (2007), Islam et al. (2006), Sarder (2006), Mondal et al. (2005),  Sattar et al. (2005), Ahmed et al. (2004). 
Age at first calving of temperate breeds and their crosses reported to be lower than the tropical and zebu cattle (Table 2.1). Abraha et al. (2009) reported that crossbred cows had significantly (P<0.01) longer lactation length and shorter age at first calving than indigenous cows. Similar results was demonstrated by Rokonuzzaman et al. (2009), they found that the mean AFC was almost similar in Friesian × Indigenous. Sahiwal × Indigenous, Sindhi × Indigenous crossbreds but significantly higher in indigenous cows. Crossbreeding with temperate breeds result a decrease in AFC. In a study on productive and reproductive performances of different crossbred cows Goni et al. (2001) reported HF × SL have lower AFC than that of SL × L crossbred cows. In a study on Holstein and Brown Swiss crossbreds in El Salvador Reaves et al. (1985) reported slight decreases of AFC occur with upgrading. The magnitude effects of genetic and environmental factors on AFC is different. Rehman et al. (2008) in their study on Sahiwal cattle in Pakistan reported age at first calving was affected by herd, year and season of birth. Abraha et al. (2009) reported significantly (P<0.01) shorter age at first calving for crossbred cows in Ethiopoia. An Indian study by Dhara et al. (2006) showed that season of birth had no influence on age at first calving of Jersey × Hariana, Holstein Friesian × Hariana and Brown Swiss × Hariana crossbred. In 2005, a study in Pakistan on Holstein Friesian cows revealed that the differences of this parameter during different seasons of birth were statistically non-significant. Mureda and Zeleke (2007) reported that AFC for crossbred (Holstein Friesian × Zebu) dairy cows were significantly longer (P<0.05) in medium scale dairy production than the small and large production systems in Ethiopia. In Kenya, a study by Ilatsia et al. (2007) revealed that age at first calving increases over the years. Kumaresan et al. (2009) reported the age at first calving was 40.7±1.1 months for crossbred cows reared under traditional low input production system.
Table 2.1: Age at first calving (AFC) for different genotypes of dairy cow

	Breed
	Age at first calving (AFC) (days)

	HF
	987.87±9.81(7)

	SL
	1390.00±4.00(2), 1345.00(4)

	L
	1465.00±59.00(4), 1128.00±33.90(5)

	L × F
	1070.05±22.56(1), 1029.00±49.00(3), 1140.00±264.00(6), 978.00±69.60(5)

	F × SL × L
	1206.00±81.84(1), 39.10±5.90(6)

	J × L
	932.40±52.50(5)

	L × SL
	1095.05±24.20(1), 1176.00±62.00(3), 1233.00±165.00(6) , 

840.00 (5)

	L × S × SL
	1166.00±159.00(6) 

	L × F × S × SL
	1116.00±126.00(6)


Legends: F= Friesian, HF= Holstein-Friesian, J= Jersey, L= Local, S = Sindhi, SL= Sahiwal.
 (1)Das et al. (2009); (2)Rehman et al. (2008); (3)Amin and Nahar (2007);  (4)Ilatsia et al. (2007); 
(5)Miazi et al.  (2007); (6)Sarder (2006);  (7)Sattar et al. (2005).
A summary for the mean post partum heat period were presented in Table 2.2. Goni et al. (2001) reported higher PPHP crossbreds with temperate blood than the crossbreds of local blood. Genetic have a significant effect on PHHP. Rokonuzzaman et al. (2009) reported a higher PPHP for Sindhi × Indigenous cross than that for Friesian × Indigenous, Sahiwal × Indigenous and Indigenous cows. Das et al. (2003) showed that post partum heat period was significantly (P<0.01) differed for the crossbreds of Sahiwal × Friesian, Sahiwal × Pabna, Friesian × Pabna and Pabna × Pabna cattle. Sarder (2006) also reported a small variation in PPHP for different genetic groups. PPHP in dairy cows differs non significantly with the parity (Sattar et al., 2005).

Table 2.2: Post partum heat period (PPHP) for different genotypes of dairy cow
	Breed
	Post partum heat period  (PPHP) (days)

	HF
	115.00±1.70(1), 113.34±3.45(7), 

	L
	130.00±6.73(4), 102.00±8.77(5)

	J × L
	92.92±7.16(5)

	L × F
	111.43±5.89(2), 137.00±48.00(3),110.00±2.81(4), 
90.00±13.42(5)

	F × SL × L
	102.05±10.19(2) , 137.00±44.00(6)

	L × SL
	94.29±11.09(2), 91.00±3.25(4), 
95.00±25.00(5), 145.00± 51.00(6)

	L × S × SL
	152.00±60.00(6) 

	L × F × S × SL
	147.00±36.00(6)

	SL × P
	121.00(8)


 Legends: F= Friesian, HF= Holstein-Friesian,  J= Jersey, L= Local, P= Pabna, S = Sindhi, SL= Sahiwal.

(1)Tadesse et al. (2010); (2)Das et al. (2009); (3)Kumaresan et al. (2009); (4)Amin and Nahar (2007); 
(5)Miazi et al.(2007); (6)Sarder (2006); (7)Sattar et al. (2005); (8)Islam and Bhuiyan (1997).
The mean calving intervals published in different literature were presented in Table 2.3. Abraha et al. (2009) assessed reproductive performances of indigenous and crossbred cows under smallholder management conditions in Ethiopoia and reported that calving interval was significantly shorter in cows that gave previous calves during the wet season than the dry season. Rehman et al. (2008) studied the environmental and genetic factors affecting productive and reproductive traits of Sahiwal cattle in Pakistan. They found calving interval was affected by herd, year and season of calving, age at first calving, service period and lactation length. Mureda and Zeleke (2007) assessed reproductive performances of crossbred (Holstein Friesian x Zebu) dairy cows kept in small (SSDP), medium (MSDP) and large scale dairy production (LSDP) systems in Eastern lowland of Ethiopia. They showed that cows managed under SSDP system had significantly shorter (P≤0.05) CI as compared to cows managed under MSDP and LSDP and the mean calving interval (CI) across all production systems was 17.8 months. Ilatsia et al. (2007) reported an increase in calving interval over the years for Sahiwal cattle in semi-arid Kenya. 
Table 2.3: Calving interval (CI) for different genotypes of dairy cow

	Breed
	Calving interval (CI) (days)

	HF
	446±90.80 (1), 418.86 (8), 505.02±8.28(9),

	SL
	464.00±3.00(3) , 468.00(5)

	L
	462.00±22.50(4), 415.00±15.00(6)

	S
	521.00±37.00(10)

	F × L
	460.65±14.20(2), 426.00±14.70(4), 452.25±6.60(6), 434.00±51.00(7)

	F × SL × L
	446.61±22.79(2), 437.00±48.00(7)

	J × L
	422.40±18.60(4)

	SL × L
	406.61±29.38(2), 459.00±90.00(4), 410.60±5.60(6) , 443.00±28.00(7)

	L × S × SL
	454.00±64.00(7)

	L × F × S × SL
	447.00±39.00(7)


Legends:  F= Friesian, HF= Holstein-Friesian, J= Jersey, L= Local, P= Pabna, S = Sindhi, SL= Sahiwal.

 (1)Tadesse et al. (2010); (2)Das et al. (2009); (3)Rehman et al. (2008); (4)Miazi et al. (2007); (5)Ilatsia et al. (2007); (6)Amin and Nahar (2007); (7)Sarder (2006); (8)Tekerli and Gundogan (2005); (9)Sattar et al. (2005); (10)Aslam et al. (2002).
Tekerli and Gundogan (2005) calving interval (CI)) affected by the region and year factor but not by the parity order. They also found lower CI for summer calvers. Sattar et al. (2005) found that the effect of calving season on calving interval was statistically significant (P<0.05). The cows calving during humid hot season showed significantly (P<0.05) lower calving interval as compared to those calving during winter and spring seasons. Mondal et al. (2005) found significant difference for calving interval (P<0.05) of different dairy genotypes such as Jersey cross, Sahiwal cross, Sindhi cross, Holstein cross and Red Chittagong. They observed lowest calving interval (414 days) for Holstein cross. Sultana et al. (2001) also reported lower calving interval for Friesian cross than indigenous cow. Agyemang et al. (1991) investigated effects of work on reproductive and productive performances of crossbred (1/2 Boran −1/2 Friesian) dairy cows in the Ethiopian highlands and found no significant differences between draught and non-draught animals calving interval (355±14·5 vs 358±13·2days). 
Table 2.4: Lactation length (LL) for different genotypes of dairy cow
	Breed
	Lactation length (LL) (days)

	HF
	295.00(1), 291.76±65.00(6)

	SL
	235.00±2.00(3) , 

	L
	235.40±6.95(4), 225.50±6.10(5)

	F × L
	272.40±3.78(2), 270.00±0.0(4), 339.20±7.40(5), 329.72±11.98(7)

	F × SL × L
	253.68±7.13(2)

	J × L
	274.00±3.72(4)

	SL × L
	236.40±5.90(2), 234.00±24.00 (4), 329.40±3.50(5) , 

	L × S 
	315.55±45.25(7)

	F × SL
	343.12±16.41(7)

	SL × P
	213.70±25.85(8)

	HF × P
	206.92±22.40(8)

	P × P 
	208.75 ±18.15(8)


Legends: F= Friesian, HF= Holstein-Friesian, J= Jersey, L= Local, P= Pabna, S = Sindhi, SL= Sahiwal.

(1)Kabir and Islam (2009)); (2)Das et al. (2009); (3)Rehman et al. (2008); (4)Miazi et al.(2007); (5)Amin and Nahar (2007);  (6)Sattar et al. (2005); (7)Ahmed et al. (2004); (8) Khan and Khatun (1998).
Different dairy breeds have a wide range of lactation length (Table 2.4). The length of lactation period is higher in crossbred than the indigenous cattle Rokonuzzaman et al. (2009). Das et al. (2009), Kabir and Islam (2009), Mondal et al. (2005) and Sultana et al. (2001) found significant difference in lactation length of different genotypes of dairy cows. Das et al. (2003) mentioned individual sire have a significant effect on lactation length (P<0.05) in crossbreds. Fadlelmoula et al. (2007) conducted a study to investigate the factors that have influence on the lactation traits of crossbred dairy cows in the Sudan and percentage total foreign blood and sire breed introduced significant (P<0.05) variation on lactation length. Abraha et al. (2009) reported crossbred cows had significantly longer lactation length than indigenous cows under smallholder management conditions. In Pakistan, Rehman et al. (2008) found lactation length was affected by herd, year and season of calving. Age of animal have effect on LL. Ilatsia et al. (2007) reported a decline lactation length over the years. Agyemang et al. (1991) reported slight variation of lactation length between draught and non-draught animals.
Table 2.5: Lactation milk yield (LMY) for different genotypes of dairy cow
	Breed
	Lactation milk yield  (LMY) (liters)

	HF
	4414.90±132.09(1), 7621.67(5)

	SL
	1700.51±13.08(2), 1627.92 (3)

	L
	845±21.50(4)

	S
	1385.00±46.00 (7)

	F × L
	1836.70±18.20(4), 1348.32±76.60(6)

	F × SL
	1258.85±97.95(6)

	SL × L
	1362.4±13.30(4) 

	SL × P
	1738.00±415.63(8)

	S × L
	1254.91±226.00(6)

	HF × P
	1866.75±415.97(8)

	P × P
	1623.43±216.30(8)


Legends: F= Friesian, HF= Holstein Friesian, J= Jersey, L= Local, P= Pabna, S = Sindhi, SL= Sahiwal.
(1)Tadesse et al. (2010); (2)Rehman et al.  (2008); (3)Ilatsia et al.  (2007); (4)Amin and Nahar (2007); 
(5)Tekerli and Gundogan  (2005);  (6)Ahmed et al.  (2004);  (7)Aslam et al. (2002);  (8) Khan and Khatun (1998).
A summary of average lactation milk yield published in literature were presented in Table 2.5. Tadesse et al. (2010) observed period of calving and parity significantly (P< 0.01) influenced lactation milk yield (LMY). In a study in Sudan, Fadlelmoula et al (2007) reported that parity had significant (P<0.01) effect on milk yield per lactation. Islam et al. (2006) reported that the younger cows (≤99 months) were 6.7 times more likely to have yielded >3 liters/cow/day than the older cows (>99 months) (P< 0.001). Cows with ≤4 parities were recorded to have 7.6 times more chance to produce milk of >3 liters/cow/day than cows with ≥4 parities. Sattar et al. (2005) stated the differences of lactation milk yield between 7th and 3rd lactation were statistically significant (P<0.05). Similarly the lactation milk yield during 6th lactation was significantly (P<0.05) lower from those of 3rd, 4th and 5th lactations. The frequencies of calving during winter, spring, dry hot, humid hot and autumn seasons were 17.73, 16.35, 7.92, 35.45 and 22.59%, respectively.  A study on Holsteins maintained at different farms in western Anatolia by Tekerli and Gundogan (2005) showed that age of cow, calving month, region and year factors influenced the lactation yield. Aslam et al. (2002) reported lactation yield was significantly affected by breed group, season and year of calving. Agyemang et al. (1991) investigated effects of work on lactation yield and found no significant differences between draught and non-draught animals for milk production (1,713±57·4 and 1,857±48·1 kg).
2.2. Genetic parameters for the dairy cows
Genetic parameters for dairy cows estimated by number of researchers especially in temperate countries e.g. Nixon et al. (2009), Albarran-Portillo and Pollott (2008), Stoop et al. (2007), Soyeurt et al. (2007), Maltecca et al. (2007), Amimo et al. (2006), Thompson et al. (2005), Druet et al. (2005), Calus et al. (2005), Wood et al. (2003). Only a few researchers studied genetic parameters in tropical countries e.g. Rehman et al. (2008), Rahman et al. (2007), Bakir et al. (2004), Ahmed et al.  (2004),  Das et al. (2003).
2.2.1. Heritablities 
A summary of heritabilities of different dairy traits published in literature were presented in Table 2.6. The common dairy traits for which heritability estimated from earlier were the milk yield and production related traits such as lactation length, lactation yield, calving interval.  Heritability estimates for same traits varied with the differences of genotypic combination. Bakir et al. (2004) reported that heritability estimates of 305-days milk yield and lactation length were 0.21±0.06 and 0.06±0.04 for Holstein-Friesian; 0.37±0.03 and 0.27±0.03 for Brown Swiss, respectively. Ahmed et al.  (2004) reported the effect of genetic groups on heritability estimates for lactation length was significant but non-significant for yield per lactation, pick yield per day and daily milk yield. Martinez-Velazquez et al. (2002) reported breed of sire and breed of dam have significant effects on heritability estimates.

Heritability estimates affected by the different biological and environmental factors.  Vollema and Groen (1996) reported that heritability estimates differed between years of birth in upgrading population of dairy cattle. An increase in environmental effects may be partly responsible for lower estimates of heritability of second lactation traits. 
Table 2.6: Heritability values for different dairy traits
	Traits
	Heritability

	Age at first calving  
	0.27±0.10(1), 0.02±0.019(2) , 0.091±0.05(4), 0.11(6)

	Post partum heat period
	0.03±0.12(6)

	Calving interval 
	0.497(1), 0.12±0.027(2), 0.044±0.032(4), 0.18±0.02(9) 

	Lactation length
	0.495(1), 0.09±0.027(2), 0.028±0.01(3), 0.46±0.33(4), 0.27±0.03(5), 0.52±0.12(9)

	Lactation milk  yield 
	0.495(1), 0.11±0.028(2), 0.44±0.10(3) , 0.35(7), 0.32(8), 0.44±0.07(9)

	305- days yield 
	0.30±0.13(1), 0.11±0.029(2), 0.21±0.06(5), 0.32(3) 


(1)Rahman et al. (2007); (2)Amimo et al. (2006);  (3)Ahmed et al.  (2004);  (4)Bakir et al. (2004);  (5)Das et al. (2003);  (6)Martinez-Velazquez et al. (2002);  (7)du Toit et al. (1998); (8)Jamrozik and Schaeffer (1997);    (9)Malau-Aduli et al. (1990). 

du Toit et al. (1998) reported that the heritability for first lactation fat and protein yields and fat and protein percentages (0.35, 0.34, 0.57 and 0.58) lowered  to (0.28, 0.28, 0.53 and 0.56) for second lactation. Heritability esimatates differ for dairy cattle population of different geographical location. A study by Carabano et al. (1989) in Spain and the United States showed that heritability estimates for milk and fat in the Spanish population (0.16 and 0.14, within country; 0.12 and 0.09, joint) were smaller than for United States data (0.33 and 0.31, within country; 0.26 and 0.24, joint).
Heriatability estimates varied with the method of analysis. Maltecca et al. (2007) reported the heritability estimate for the single-trait analysis was 0.14, whereas heritabilities for the multiple-trait analysis were 0.26, 0.22, 0.21, 0.12 and 0.13 for the first, second, third, fourth and fifth meal, respectively. The developments of genetic parameter estimation are more statistically and computationally efficient methods that allow the fitting of more biologically appropriate models. Methods have evolved from direct methods based on covariances between relatives to methods based on individual animal models. Maximum-likelihood methods have a natural interpretation in terms of best linear unbiased prediction (Thompson et al., 2005). Unbiased heritabiities and additive genetic correlations will be found when all data and all relationships are used in an animal model; an animal model for growth but a sire model for milk with all data gives an unbiased estimate of heritability for milk (Jensen and Mao, 1991). Data set and adjustment have a great influence on heritability estimates. Larger data sets on the traits to be studied would increase the accuracy of genetic parameter estimates (Maltecca et al., 2007). Adjustment for days in milk lower the heritabilities for milk yield. In a Brazilian study, Freitas et al. (1995) reported that heritabilities of milk yield in crossbred (Holstein and Gir and Guzera) dairy cattle were lowered from a range 0.10 to 0.24 to 0.06 to 0.22. 
Estimation of heritability is also important for animal health issues. In modern animal production system heritability for important disease of dairy was evaluated which will help in breeding for disease resistance.  Hansen et al. (2002) estimated heritabilities 0.035 for clinical mastitis, and 0.020 for diseases other than mastitis. Recently heritability estimation is using for selection against deleterious component of cattle milk for human health. Wood et al. (2003) reported heritability estimates for milk urea nitrogen (MUN) lactations one, two, and three were 0.44, 0.59, and 0.48, respectively. Soyeurt et al. (2007) worked in the Walloon region of Belgium to estimate the heritabilities and correlations among milk yield, fat, protein and major fatty acids (FA) contents in milk. They demonstrated that an increase in fat content is not directly correlated with undesirable changes in fatty acids profile in milk for human health.
Most recently heritability estimation has incorporated with more computation milk production system. Albarran-Portillo and Pollott (2008) investigated the genetics of lactation curve parameters and found that the heritabilities of two lactation curve parameters, maximum secretion potential and relative cell death rate were 0.27 and 0.08 respectively. Nixon et al. (2009) estimated genetic parameters for milking frequency and for production traits of cows milked within an automated milking system AMS. They reported that heritabilities from the daily model for daily (24-h) milking frequency and daily (24-h) milk yield ranged between 0.02 and 0.08 and 0.14 and 0.20, respectively.
2.2.2. Genetic and phenotypic correlations
Genetic correlations among productive life traits are usually very high and genetic correlations among total life traits are lower and more variable (Van Doormaa et al., 1985). 
Genetic and phenotypic correlations between the traits in different geographical locations are varied due to environmental variations. Carabano et al. (1989) reported genetic and phenotypic correlations between milk and fat within country were higher for Spain (0.94 and 0.91) than for United States data (0.66 and 0.81). 
Genetic and phenotypic correlations for different dairy traits are range from low to high. Malau-Aduli et al. (1990) reported that genetic and phenotypic correlation coefficients between traits (total lactation yield, lactation length, 305-days yield, calving interval, dry period and age at first calving ) were medium to high, ranging from 0.30 to 0.95. Genetic correlations between total and 305 days performance were high (0.84 to 1.00), phenotypic correlations were ranged from 0.52 to 0.99 (Freitas et al., 1995). Vollema and Groen (1996) reported genetic correlations between uncorrected longevity traits were high (0.73 to 1.00); phenotypic correlations were lower (0.13 to 0.98). Genetic correlations between daily yields are reported to be higher as the interval between tests decreased, and correlations of daily yields with 305-days yield are greatest during mid lactation (Jamrozik and Schaeffer, 1997). Hansen et al. (2002) reported genetic correlations between protein yield and dairy characters, protein yield and clinical mastitis, and protein yield and diseases other than mastitis were 0.38, 0.33, and 0.14. Wood et al. (2003) reported phenotypic correlations between milk urea nitrogen and yield were <0.10 and genetic correlations with production traits were close to zero in lactation one and three and only slightly positive in lactation two. 
Genetic and phenotypic correlations for same traits varied with the changes in environment. Calus et al. (2005) reported genetic and permanent environmental correlations between fat yields expressed in different environments ranged from 0.83 to 1.00 and from 0.29 to 1.00, respectively and genetic and permanent environmental correlations between fat percentages expressed in different environments ranged from 0.87 to 1.00 and from -0.05 to 0.99, respectively. Correlations for production traits are differ with the parity order. Druet et al. (2005) reported high correlations among production levels in different lactations. Nixon et al. (2009) reported  genetic correlations between daily (24-h) milk yield and daily (24-h) milking frequency were largest at the end of lactation (0.80) and smallest in mid-lactation (0.27). 
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