RESULTS 
4.1. Phenotypic performance
Phenotypic mean±standard errors of different productive and reproductive traits of different crossbred genotypes were presented in Table 4.1. The overall mean of all traits for crossbred dairy cows in different farms, seasons of birth, years of birth and lactations were showed in the Appendix I to IV, respectively. The mean CI, LMY, AFC, PPHP and LL of different breed groups in different seasons under farms studied were presented in Table 4.2, 4.3 and Appendix V to VII, respectively. 
Table 4.1: Mean±SE values for traits studied in three different genetic groups of dairy
                 cow 
	Traits
	Breed groups

	
	F× L
	F × S 
	F ×  SL ×  L

	Age at first calving(AFC) (days)
	1079.01b ±14.83 
	1102.66ab ±16.47
	1120.47a ±15.63


	Post partum heat period (PPHP) 

(days)
	97.08±2.13
	97.98±2.37
	98.54±2.24

	Calving interval (CI) (days)

	442.59 a ±7.78
	449.86ab ±8.64 
	457.88b ±8.20

	Lactation length (LL) (days)
	266.74 ±5.82
	263.22 ±6.46
	257.45±6.13


	Lactation milk yield (LMY) (liters)
	1506.75 a ±71.37
	1351.00b ±79.25 
	929.10c ±75.23


Legends: F= Frisean, L= Local and SL= Sahiwal.

Means with different superscripts in the same row differ significantly (p<0.05).
4.1.1. Age at first calving 
Table 4.1 showed that age at first calving of Friesian × Local was lower than Friesian × Sahiwal and Friesian × Sahiwal × Local crossbred. AFC in different farms were ranged from 837.31±45.37 to 1181.98±28.69 days (Appendix I). Animal those born in 1994 belonged to the lowest AFC (1051.42±68.58 days) and those born in 2005 have the highest AFC (1141.39±26.96 days) (Appendix III). Appendix V showed that Friesian × Sahiwal born in summer season has the lowest AFC.
4.1.2. Post partum heat period
 Variation in post partum heat period of different genotypes was found to be less (Table 4.1). Highest and lowest PPHP in studied farms was 105.82±4.43 and 91.88±3.03 days, respectively (Appendix I). The overall PPHP for different seasons of birth was almost similar (Appendix II). PPHP for different years of birth were 90.80±7.43 to 112.82 ±14.05 days (Appendix III). Appendix VI showed that PPHP ranges from 71.00±11.81 days for Friesian × Sahiwal × Local to 110.67±6.82 days for Friesian x local crossbred in rainy season.
4.1.3. Calving interval
Highest calving interval (457.88±8.20 days) was recorded in case of Friesian × Sahiwal × Local cross and lowest (442.59±7.78) was recorded in case of Friesian × Local (Table 4.1). Appendix I showed a wider range of CI (430.69±18.69 to 516.87±23.85 days) in different farms. Table 4.2 showed that CI was the highest for Friesian × Sahiwal × Local cross born in summer season.

Table 4.2: Mean±SE values of Calving interval (CI) of different breed groups in different seasons under farming condition study
	
	Summer
	Rainy
	Winter

	
	Breed groups
	Breed groups
	Breed groups

	Farm
	F  × L
	F × S 
	F × S × L
	F  × L
	F × S 
	F × S ×  L
	F  × L
	F × S 
	F ×  S ×  L

	1
	423.0

±10.30
	452.40

±14.18
	437.70q
±14.19
	446.48

±9.79
	439.25

±12.95
	458.00

±18.31
	419.22

±14.95
	422.80pq
±20.06
	445.18

±13.53


	2
	418.38

±15.86
	-
	441.25q
±22.43
	439.75

±15.86
	429.33

± 25.90
	460.00

±44.86
	429.50

± 18.31

	-
	-

	3
	419.25b
±11.21
	-
	-
	456.75a
±12.95
	-
	412.00ab
±44.86
	421.64ab
±13.53
	-
	446.00ab
±44.86


	4
	438.00

±18.31
	-
	435.40q
±14.19
	433.25

±22.43
	-
	459.66

±8.33
	444.75

±22.43
	-
	470.14

±11.99


	5
	435.18

±13.53
	-
	-
	426.77

±9.56
	-
	443.50

±22.43
	433.67

±8.63

	-
	-

	6
	435.00ab
±44.86
	421.36b
±11.99
	450.50abpq
±31.72
	407.00ab
±25.90
	460.93a
±11.58
	450.86ab
±16.95
	-
	446.60abp
±14.19
	473.00ab
±25.90


	7
	431.00

±14.95
	432.33
±25.90
	-
	417.67

±12.95
	415.00

±44.86
	-
	436.74

±9.35
	406.67pq
±25.90

	-

	8
	410.44
±14.95
	-
	-
	432.40

±14.19
	-
	-
	451.00

±44.86

	-
	-

	9
	-
	417.00ab
±44.86
	-
	-
	462.50a
±22.43
	-
	-
	386.00bq
±31.72

	-

	10
	-
	477.00

±31.72
	-
	-
	433.00

±44.86
	-
	-
	496.00p
±44.86

	-

	11
	-
	456.50

±31.72
	-
	-
	462.29

±16.95
	-
	-
	478.00pq
±44.86

	-

	12
	-
	453.50

±31.72
	-
	-
	445.83

±18.31
	-
	-
	425.25pq
±22.43

	-

	13
	-
	-
	-
	-
	-
	470.80

±20.06
	-
	-
	478.00p
±44.86


	14
	-
	-
	513.67p
±25.90
	-
	-
	-
	-
	-
	517.00p
±44.86


	15
	-
	-
	435.00pq
±44.86
	-
	-
	488.50

±22.43
	-
	-
	-


Legends: F= Frisean, L= Local and SL= Sahiwal. 

Means with different superscripts in the same row differ significantly (p<0.05). a, b are the values for differences in column and p, q are the values for differences in row.
Table 4.3: Mean±SE values of lactation milk yield of different breed groups in different seasons under farming condition study
	
	Summer
	Rainy
	Winter

	
	Breed groups
	Breed groups
	Breed groups

	Farm
	F  × L
	F × S 
	F × S × L
	F  × L
	F × S 
	F × S ×  L
	F  × L
	F × S 
	F ×  S ×  L

	1
	1718.42ap
±93.76
	1156.00cdepr
±129.25
	1008.00bepq
±129.25
	1621.90a
±89.18
	1457.67acp
±117.98
	1037.50dep
±166.86
	1490.00acpq
±136.24
	1447.00abcd
±182.78


	956.36epqr
±123.23

	2
	1597.50aqr
±144.50
	-
	1157.50abpq
±204.36
	1575.00ab
±144.50
	1081.67abpq
± 235.97
	740.00bpq
±408.71
	1534.17abpq
±166.86


	-
	-

	3
	1814.06apq
±102.18
	-
	-
	1467.92b
±117.98
	-
	1400.00abpq
± 408.71
	1733.18abp
±123.23
	-
	930.00bp
±408.71



	4
	1549.17apqr
±166.86
	-
	1134.10bq
±129.25
	1702.50a
±204.36
	-
	1183.79bpq
±75.89
	1565.00abpq
±204.36
	-
	1154.64bqr
±109.23



	5
	1575.45apqr
±123.23
	-
	-
	1688.64a
±87.13
	-
	917.50bp
±204.36
	1690.74ap
±78.66


	-
	-

	6
	1100.00abcdefpqr
±408.71
	1373.21cdfp
±109.23
	745.00bep
±289.00
	1805.00df
±235.97
	1488.20fp
±105.53
	967.14ep
±154.48
	-
	1483.90acfd
±129.25


	963.33abceqr
±235.97

	7
	1345.00r
±136.24
	1836.33q
±235.97
	-
	1471.25

±117.98
	1645.00pq
±408.71
	-
	1425.22q
±85.22
	1406.67

±235.97


	-

	 8 
	1609.44pqr
±136.24
	-
	-
	1590.00

±129.25
	-
	-
	1575.00pq
±408.71


	-
	-

	9
	-
	780.00pr
±408.71
	-
	-
	1302.50pq
±204.36


	-
	-
	982.50

±289.00
	-

	10
	-
	1117.50pqr
±289.00
	-
	-
	1170.00pq
±408.71


	-
	-
	1170.00

±408.71
	-

	11
	-
	847.50pr
±289.00
	-
	-
	1063.57q
±154.48


	-
	-
	1570.00

±408.71
	-

	12
	-
	640.00ar
±289.00
	-
	-
	1437.50bpq
±166.86
	-
	-
	1362.50b
±204.36
	-

	13
	-
	-
	-
	-
	-
	1542.00q
±182.78
	-
	-
	1200.00pr
±408.71

	14
	-
	-
	886.67p
±235.97
	-
	-
	-
	-
	-
	700.00

±408.71qp

	15
	-
	-
	930.00pq
±408.71
	-
	-
	976.25p
±204.36
	-
	-
	-


Legends: F= Frisean, L= Local and SL= Sahiwal. 
Means with different superscripts in the same row differ significantly (p<0.05). a, b, c, d , e are the values for differences in column and p, q, r are the values for differences in row.
4.1.4. Lactation length
The average lactation length of different genotypes presented in Table 4.1 was almost similar. Among the farms studied LL ranged from 240.19±12.10 to 277.83±6.91 days (Appendix I). In Appendix II there was found almost similar length of lactation for three different seasons of birth. The mean LL was ranged from 235.26±17.47 to 292.64±20.68 days in different lactations (Appendix-IV). Appendix VII showed that LL was the highest for Friesian × Sahiwal cross born in rainy season.
4.1.5. Lactation milk yield 

In Table 4.1 the mean lactation yield was highest (1506.75±71.37 liters) in Friesian × Local and lowest (929.10±75.23 liters) in Friesian × Sahiwal × Local cross. A wide range of LMY (940.00±148.45 to 1735.48±182.30 liters) was observed in different farms (Appendix I). Highest LMY was recoded for animals born in rainy season (Appendix II). Appendix III showed the LMY in different years ranges from 956.19±249.19 to 1655.99±329.95 liters. Highest milk yield (1377.89±106.43 liters) was recorded in second lactation (Appendix IV). Table 4.3 demonstrated LMY was highest (1836.33±235.97 liters) for Friesian x Sahiwal crossbreds those born in summer season. 
4.2. Genetic parameters
4.2.1. Heritabilities
The overall estimated heritabilities for different traits are shown Figure 1. Heritabilities for studied traits in different breed groups are presented in Table 4.4.
[image: image1.emf]0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

AFC PPHP CI LL LMY

Traits

Heritability

Heritability


                     Figure 1: Overall estimated heritabilities for different traits 
4.2.1.1. Age at first calving
 The heritability estimate of age at first calving using pooled data was 0.10 (Figure 1). Within breed groups the highest estimate of heritability (0.260) was observed for Friesian × Local cross (Table 4.4). 
4.2.1.2. Post partum heat period
From the Figure 1 it can be revealed that estimated heritability value of post partum heat period for pooled data was low. High heritability (0.319) for PPHP was found in Friesian × Local crossbred (Table 4.4). 
4.2.1.3. Calving interval
Overall estimated heritability value for calving interval was low (Figure 1). Table 4.4 demonstrated the estimated heritability value of CI for different breed groups was almost similar.
4. 2.1. 4. Lactation length
Figure 1 illustrated a moderate heritability (0.27) estimate of lactation length for pooled data. Comparatively higher heritability value (0.429) of LL was observed for Friesian × Local cross (Table 4.4).
4.2.1.5. Lactation milk yield
In the present study overall heritability estimate of lactation milk yield was moderate (0.30) (Figure 1). Estimated heritability of three different breed groups of present study were almost similar (Table 4.4). 
Table 4.4: Estimates of heritability for different traits of different breed groups
	Traits
	Breed groups

	
	F × L
	F × SL
	F × SL ×  L

	Age at first calving(AFC)
	0.260
	0.229
	0.230



	Post Partum heat period (PPHP)
	0.319
	0.120
	0.140



	Calving interval(CI)
	0.049
	0.050
	0.049


	Lactation length(LL)
	0.429
	0.149
	0.110



	Lactation milk yield (LMY)
	0.230
	0.180
	0.219




Legends: F= Frisean, L= Local and SL= Sahiwal.

4.2.2. Genetic and phenotypic correlations

Estimates of genetic correlations (rG) and phenotypic correlations (rP) among the studied quantitative traits of dairy cattle are depicted in Table 4.5. Genetic and phenotypic correlations between traits studied in different genetic groups are shown in Table 4.6.  Highest positive correlations were found between LL and LMY (0.306, 0.298). Negative genetic and phenotypic correlations between AFC and LMY, PPHP and LMY and CI and LMY for pooled data were negative. Low but positive correlations were found between AFC and PPHP, AFC and CI and PPHP and CI (Table 4.5).  Table 4.6 showed that correlations were highest between LL and LMY (0.604, 0.423) for Friesian × Sahiwal × Local cross. 
Table 4.5: Genetic and phenotypic correlations between different traits #
	Traits
	AFC
	PPHP
	CI
	LL
	LMY

	AFC


	  
	0.188  
	0.091
	-0.012
	-0.155



	PPHP
	0.041  
	
	0.123
	-0.011
	-0.047



	CI
	0.076  
	0.131  
	
	0.068
	-0.082



	LL
	0.000  
	0.015
	-0.028  
	
	0.298



	LMY
	-0.142 
	-0.035
	-0.117  
	0.306  
	


Legends: AFC=Age at first calving, PPHP= Post partum heat period, CI= Calving interval, LL= Lactation length and LMY= Lactation milk yield.
# Genetic correlations are below the diagonal while phenotypic correlations are above.

Table 4.6: Genetic and phenotypic correlations between different traits for different breed groups 
	Traits
	Breed groups

	
	F × L
	F × SL
	F × SL × L

	
	rG
	rP
	rG
	rP
	rG
	rP

	AFC and PPHP
	0.006
	0.071
	0.189
	0.198
	0.346
	 0.369



	AFC and CI
	0.001
	0.080
	-
	-
	-0.099
	-0.061



	AFC and LL
	-
	-
	-
	-
	-0.082
	-0.104



	AFC and LMY
	-
	-
	-
	-
	-0.039
	-0.037



	PPHP and CI
	0.085
	0.092
	-
	-
	 0.231
	 0.238



	PPHP and LL
	-
	-
	-
	-
	 0.145
	 -0.086



	PPHP and LMY
	-
	-
	-
	-
	 0.049
	 0.026



	CI and LL
	-
	-
	0.082
	0.125
	 0.478
	 0.254



	CI and LMY
	-
	-
	-0.083
	-0.056
	 0.300
	 0.290



	LL and LMY
	0.246
	0.210
	0.265
	0.286
	 0.604
	 0.423




Legends: AFC=Age at first calving, PPHP= Post partum heat period, CI= Calving interval, LL= Lactation length, LMY= Lactation milk yield, rG = genetic correlation and rP = phenotypic correlation.
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