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The main objective of the present study was to estimate the persistency of lactation in Sahiwal cows 
using different persistency indices and to estimate heritability of persistency. Data on 808 Sahiwal cows 
maintained at the Livestock Experiment Station (LES), Jahangirabad, District Khanewal were used for 
the present study. Persistency of lactation was determined using five indices viz. Wood, Johnson and 
Hansen, Mahadevan, Ludwick amd Petersen and Gajbhiye and Tripathi. Statistical model included fixed 
effects of period and season of calving and parity and random factors of animal. Indices values for Wood, 
Johnson and Hansen, Mahadevan, Ludwick and Petersen and Gajbhiye and Tripathi were 138.66, 75.68, 
243.65, 85.84 and 275.41, respectively. Moreover, our results indicated that all indices were significantly 
affected by period and season of calving and lactation number except that Wood index that did not vary 
with seasons. Heritability estimates of various indices were low and ranged from 0.004 to 0.067 indicating 
very lower genetic control. This is the first study to show genetic of persistency of lactation. Although 
results may be validated using more data and more accurately recorded pedigree for several generations 
however, this is really useful firsthand information.

INTRODUCTION

Sahiwal cattle of Pakistan are the best zebu dairy breed in 
the tropics. They are well known for disease resistance 

and heat tolerance and exhibit adequate performance at 
low quality roughages (Leroy and Marchot, 1987). The 
population of Sahiwal cattle in the country is nearly 2.75 
million (GoP, 2006). Yet, the productivity is low, genetic 
progress is nearly zero based on studies conducted in the 
institutional herds and population was threatened by flood 
of cross breeding few years back (Javed, 1999). Keeping 
in view that scenario, conservation and development 
efforts in respect of Sahiwal cattle breed were initiated in 
the province of Punjab. One result of this endowment was 
the establishment of a Research Centre for Conservation 
of Sahiwal Cattle in 2004. The mandate of RCCSC was to 
initiate performance recording at farmer level to widen the 
genetic base and help to initiate scientific genetic selection 
so that the breed can be conserved.

There are previous studies on various genetic aspects 
of Sahiwal cattle i.e. seasonality of breeding and calving
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(Khan et al., 2009). However, one of the important aspects 
of productivity for any lactating cow is maintenance of 
peak yield for a longer period after first few weeks of 
calving. Generally, milk yield in cows increases until first 
45-90 days after parturition, gets stable for a few weeks 
and declines thereafter until the end of lactation. This 
trend of milk yield during the lactation is called lactation 
curve (Rakes et al., 1963). Lactation curve passes through 
different phases, one of which is persistency. Persistency 
may be defined in many ways like the number of days 
during which the level of constant yield is maintained 
(Grossman et al., 1999), the degree to which milk yield 
in early lactation is maintained (Mahadevan, 1951), 
the extent at which peak yield is maintained (Wood, 
1967) or the ability to maintain a more or less constant 
yield during the lactation (Gengler, 1996). A cow with a 
flatter lactation curve, therefore, is considered to be more 
persistent than a cow with the same total yield but with a 
curve that decreases rapidly after the peak (Grossman et 
al., 1999). The heritability and repeatability of persistency 
of lactation was measured to be low (0.08) and medium 
(0.21), respectively in Bos indicus (Pereira et al., 2015).

From genetic stand point, if the trait has an adequate 
genetic control, bulls may be selected to produce next 
generation having genetic ability to maintain high milk 
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yield for a longer period in any lactation. In this scenario 
the present study was, therefore, designed to estimate the 
persistency of lactation in farm recorded Sahiwal cows 
and to determine the genetic control of persistency.

MATERIALS AND METHODS

A total of 3829 lactation records of 808 Sahiwal cows 
with lactation length of at least 60 days, from 1984 to 2005 
were used for the present study. Cows were maintained 
at the Livestock Experiment Station (LES), Jahangirabad 
(District Khanewal). Weekly milk yield and pedigree 
records of Sahiwal cows calved between 1984 and 2005 
were collected from the milk record, disposal and birth 
registers. Information on reason of drying was collected 
from registers for dry animals. History sheets were also 
used to match the cumulative yields of these animals. The 
data were grouped in four periods of calving and four 
seasons of calving. The lactations were grouped in 10 
groups with four weeks in each group. Seasons of calving 
were defined as winter (December to February), spring 
(March to May), summer (June to August) and autumn 
(September to December).

The lactations of 28 weeks or above were included in 
analyses which were 53.51 percent of the total number of 
lactations. About 43.92 percent of the lactations used in the 
analysis were of 5th parity. However, out of total records, 
15.08 percent fell in 44th week of lactations. Among the all 
records used for analysis, 29.86 percent were from 2001-
05 and 31.47 percent were from winter season.

	 To measure the effect of lactation length on 
persistency, a persistency index was calculated using 
the formula of (Johansson and Hanssen, 1941) where 
persistency was defined as the ratio of milk yield in second 
100 days of lactation to the milk yield in first 100 days.

(i)   Johnson and Hansen’s Persistency Index formula as 
modified by Chaudhry et al. (2000):

Other measures of persistency were estimated by 
using the formulae of Ludwick and Peterson (1943) and 
modification suggested by Gajbhiye and Tripathi (1992), 
Mahadevan (1951) and Wood (1967). The formulae are as 
follows:

(ii)     Ludwick and Petersen’s Persistency Index:

Where P is the persistency of lactation, X (with the aid 
of subscript) designates the production of any particularly 
period after attaining the peak yield and “n” is the number 
of divisions into which the lactation is divided after 
attaining the peak yield. The lactations were grouped in 
10 groups of same number of weeks in milk in each group: 
Group 1 (Weeks 8-11); Group 2 (Weeks 12-15); Group 3 
(Weeks 16-19); Group 4 (Weeks 20-23); Group 5 (Weeks 
24-27); Group 6 (Weeks 28-31); Group 7 (Weeks 32-35); 
Group 8 (Weeks 36-39); Group 9 (Weeks 40-43); Group 
10 (Weeks ≥44).

(iii)     Mahadevan’s Persistency Index:

Where P is the persistency of lactation, A is the milk yield 
during the first 180 days and B is the initial milk yield 
during the first 10 weeks of lactation.

(iv)     Wood’s Persistency Index:
In the Wood’s (1967) model, the persistency value (S) 

based on monthly test-day records of milk was obtained 
using the following formula:

Where b and c are factors associated with the inclining 
and declining slope of the lactation curves, respectively. 
For the estimation of genetic parameters of persistency of 
lactation following animal model was used:

Where Yijkl is the persistency of lactation index value for 
lth cow in her kth lactation, jth period of calving, ith season 
of calving; µ is overall population mean, Pi is the fixed 
effect of period of calving; Sj is the fixed effect of season 
of calving; Lk is the fixed effect of lactation number or 
parity; Al is the random additive genetic effect of the 
animal and eijkl is the random residual associated with each 
observation.

Data analysis
For data entry and exploratory data analysis, MS 

Excel® (2003) was used. To explore the fixed effects 
on persistency, (SAS Institute, 2008) was used while 
Wombat (Meyer, 2007) was used to calculate heritability 
of persistency.

RESULTS

Milk yield among different lactation lengths
Data on milk production of Sahiwal cows maintained 
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at LES Jahangirabad, Khanewal, which calved during 1985 
to 2005, were collected. Nearly 3829 lactation records 
were recorded excluding the shorter lactations (less than 
8 weeks). Actual milk yields for lactations of different 
durations are presented in Table I. Out of 3829 lactations, 
only 15% had a standard lactation length (around 300 
days) indicating that about 85% of the lactations were 
shorter than 40 weeks. The data suggests that 60% of the 
lactations were shorter than six months. Overall average 
lactation milk yield was 1318 kg with a standard deviation 
of 715 kg. Very short lactations (8-11 weeks) had average 
yield of 384 kg as compared to an average of 2276 kg 
when lactation length was 44 weeks.

Table I.- Milk yield (Mean±SD) for different lactation 
length groups of Sahiwal Cows.

Lactation length 
(weeks)

Mean milk yield 
(Kg)±SD

n Percentage

8-11 384.56±179.95 494 12.90

12-24 751.65±243.46 681 17.79

25-32 1208.33±357.91 1125 29.38

33-40 1752.54±446.40 944 24.65

41-44 2276.30±572.38 585 15.28

Total 1318.16±715.07 3829 100

Persistency indices by parity
The basic statistics of various persistencies of 

lactation indices calculated by different methods is given 
in the Table II. Higher values of CV for JOH and MAH 
indices (>26%) indicate greater variation among the 

studied population for persistency of lactation suggesting 
greater chances for improvement. The TRI and LUD1 
indices displayed modest values of CV (between 14 and 
20%) followed by WI and LUD2 indices. The effects of 
fixed factors on various persistent indices are given in 
Table III. Values of persistency index using Wood formula 
were similar among all seasons (P<0.05), whereas effect 
of season of calving was significant (P<0.01) for all other 
indices.

Table III.- Factors affecting different persistency of 
lactation indices.

Item WI JOH MAH LUD TRI

Season of calving 1.68 5.23** 4.59** 6.05** 5.19**

Period of calving 19.16** 22.54** 6.17** 24.19** 4.56**

Parity 15.54** 17.47** 9.98** 14.23** 6.64**

**Probability values show difference (p<0.01). *Probability values show 
difference (p<0.05). For abbreviations, see Table II.

Environmental factors affecting persistency of lactation
The least square means were highest in first parity and 

lowest in fifth parity for all indices (except TRI). All the 
indices had lowest values in fifth parity except TRI which 
had lower value in first parity cows and higher values in 
fifth parity. The least square means were high for TRI in 
all periods of calving and seasons of calving as compared 
to other indices. The means were low for LUD in all 
periods of calving and seasons of calving. The highest 
value (277.70 kg) of TRI was in 2001-05 and low (262.37 
kg) in 1996-00. The highest value (275.23 kg) of TRI is in 
summer season and lower (257.39 kg) in autumn season.

Table II.- Persistency indices (Mean±SD) of lactation in Sahiwal cows by parity.

Parity N WI±SD JOH±SD MAH±SD LUD±SD TRI±SD

1 317 143.44±13.47 81.17±22.09 267.09±76.96 90.83±13.23 259.01±53.31

2 279 141.13±13.18 79.68±19.85 252.83±62.32 87.95±12.04 264.89±49.50

3 296 137.48±11.35 73.62±18.87 239.01±63.09 84.58±11.14 279.30q±48.71

4 257 137.72±11.48 75.48±21.16 237.39±65.52 84.64±12.51 283.29±52.77

5 900 136.87±11.69 73.25±19.59 235.21±59.81 84.18±11.74 280.93±53.41

Total 2049 138.66±12.36 75.68±20.36 243.36±65.25 85.84±12.28 275.41±52.85

Min 96.59 15.83 98.55 53.66 99.55

Max 214.35 242.86 757.14 159.73 537.04

CV 8.91 26.90 26.81 14.30 19.19

WI, Wood’s index (gamma function), Wood (1967); JOH, Johnson and Hansen (1941); MAH, Mahadevan (1951); LUD, Ludwick and Petersen (1943); 
TRI, Gajbhiye and Tripathy (1992).
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Estimates of variance components and heritability
The estimates of additive, environmental and 

phenotypic variances and heritability of different 
persistency indices are given in Table IV. Highest 
heritability (h2) estimate were observed in (0.067) for WI 
and lowest (0.004) for TRI.

Nonetheless, present study, for the first time, reported 
heritability estimates for persistency of lactation in 
Sahiwal cows suggesting lower genetic control. The results 
imply that persistency of lactation is likely to improve 
less through genetic selection and various environmental 
factors including feed and other management may be 
improved to get an improvement in this valuable trait in 
Sahiwal cattle. A validation of the results from the present 
study using larger data set and more precisely recorded 
pedigree is suggested before implementing results of the 
present study.

Table IV.- Estimates of variance components and 
heritability for different persistency of lactation indices.

Item WI JOH MAH LUD TRI
Additive genetic 
variance

9.27 3.53 54.49 1.32 9.76

Residual 
variance 

130.36 349.32 4202.40 130.89 2667.41

Phenotypic 
variance

139.63 352.86 4256.89 132.21 2677.17

Heritability 
estimate

0.067 0.01 0.013 0.01 0.004

For abbreviations, see Table II.

DISCUSSION

Milk yield among different lactation lengths
The average milk yield in the current study was 

similar to the earlier recent studies on Sahiwal cattle in 
Pakistan (Bilal et al., 2008; Khan et al., 2008). Iqbal 
(1996) reported a higher average of 1971±473 kg for this 
station when lactations were required to be of 308 days 
in length. Later on, Dahlin (1998) reported average yield 
of 1477 kg for an average lactation length of 256 days 
in 11 institutional herds in Pakistan including the LES 
Bahadurnagar. Only first three lactations were used in this 
study and there was no minimum for the lactation length 
to be included. Average lactation length was 282, 280-
308 days in another study (Iqbal, 1996). The earlier report 
for LES Bahadurnagar, Okara included 1474±648 kg for 
an average lactation length of 240 days (Talbott, 1994). 
Population averages for other farms varied. Javed (1999) 
reported average lactation milk yield of 1980±927 kg for 
LES Jahangirabad.

Persistency indices by parity
The studies on Sahiwal cattle in other countries also 

vary in reporting the average milk yield in the breed. 
Gandhi et al. (1995) reported an average milk yield of 
1660 kg for Sahiwal cows (n= 9052) in India with an 
average lactation length of 278 days. Rege et al. (1992) 
in a study on Sahiwal cows (n=2015) in Kenya, reported 
an average milk yield of 1662 kg. The other dairy breeds 
to which milk yield of Sahiwal can be compared are Red 
Sindhi, Cholistani and Tharparkar in Pakistan. Very limited 
studies are available on these breeds. Ashfaq (2000) 
studied the data of Cholistani cows kept at Government 
Livestock Farm, Jogait Peer (District Bahawalpur) during 
1985-99 and reported an average first lactation milk yield 
of 1249±464 kg (n=96) while overall milk yield was 
1233±400 kg (n=946) for a lactation length of 20066 
days. Mustafa et al. (2002) reported average milk yield of 
1531 kg for Red Sindhi cows at an institutional herd in 
Balochistan. For Tharparkar cows, average lactation milk 
yield has been reported as 1138 kg (Ahmad et al., 1984).

Environmental factors affecting persistency of lactation 
The period of calving affected all the indices 

significantly (P<0.01) which is in agreement with 
Ahmad et al. (2003). The values of all indices varied by 
parity (P<0.01). Similar finding were observed by other 
researchers (Dedkova and Nemcova, 2003).

Estimates of variance components and heritability
The lowest h2 estimate was shown by JOH and LUD 

(0.01). The heritability estimate of WI were almost similar 
to Atashi et al. (2006) where h2 ranged from 0.047 to 0.082, 
0.09 to 0.11 in the study of Haile-Mariam et al. (2003), 
0.08±0.02 in study of Leukkunen (1985) and 0.07 in the 
study of Lahiri et al. (1981). All heritability estimates of 
different indices reported in the present study were lower 
than the earlier reports 0.11 to 0.27 (Cobuci et al., 2004); 
0.18, (Muir et al., 2004) and 0.17 (Jamrozik et al., 1997). 
The differences between parameter estimates reported in 
the present study and other studies could be due to different 
sampling population, different statistical models used and 
breed differences etc.

CONCLUSIONS

Lactation length determines the shape of lactation 
curve as shorter lactations were atypical as compared to 
complete and longer lactations. The genetic control of 
persistency is very less in the study however the genetic 
control can be better estimated by recording accurate 
measurements of reason of shorter lactations and precise 
pedigree recording and the further research is needed to 
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explore the exact cause of greater environmental variation 
and low heritability of persistency. Average milk yield 
in Sahiwal cows is 1318.16±715.07 kg per lactation and 
the genetic control (h2) of milk yield was very low which 
is due to missing pedigree information and uncontrolled 
environmental variation. Milk yield is affected by season 
of calving, period of calving, cow and parity. Heritability 
of the persistency of lactation in Sahiwal cows is very low; 
nonetheless, we have provided first report on persistency of 
lactation in Sahiwal cattle and it may provide the grounds 
for further research in this area.
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