ACHAI CATTLE BREED, ITSPRODUCTIVE
AND REPRODUCTIVE PERFORMANCE
UNDER TRADITIONAL MANAGEMENT

SYSTEM IN DISTRICT LOWER DIR
(N.W.F.P.) PAKISTAN

M, . :‘.. ¢
FETAIN 3 o )Y 0PN
QUAID-I-AZAM UNIVERSITY

ISLAMABAD

Muhammad Saleem

Department of Animal Sciences
Faculty of Biological Sciences

Quaid-i-Azam Univer sity
| damabad, Pakistan
2012



ACHAI CATTLE BREED, ITSPRODUCTIVE
AND REPRODUCTIVE PERFORMANCE
UNDER TRADITIONAL MANAGEMENT

SYSTEM IN DISTRICT LOWER DIR
(N.W.F.P.) PAKISTAN

e
E1. L. ) -,:','.-'./
FEIN T Ll ey
QUAID-I-AZAM UNIVERSITY

C’ 3
ISLAMABAD

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENT FOR THE
DEGREE OF
DOCTOR OF PHILOSOPHY

BY
Muhammad Saleem
Department of Animal Sciences
Faculty of Biological Sciences
Quaid-i-Azam University

| damabad, Pakistan
2012



CERTIFICATE
This thesis submitted by Muhammad Saleem is acdaptés present form by the
Department of Animal Sciences as satisfying thsitheequirement for the degree of
Doctor of Philosophy in Reproductive Physiology.

Supervisor

Prof. Dr. Samina Jalali

External Examiner:

Prof. Dr Nematullah

Dr. Arifa Naqvi

Chairperson

Date:



IN THE NAME OF ALLAH, THE
BENEFICENT, THE MERCIFUL



Dedicated
To
My parents, brother, sisters, wife, sons, Summaya
and
My uncle Gul Roz Khan
whose efforts, prayers, unconditional love,
wishes and affections are source of strength

in every step of my life



Acknowledgements

List of figures

List of tables

Abstract

I ntroduction

Material and methods

Results

Discussion

References

CONTENTS

12

21

103

121



ACKNOWLEDGEMENTS

All praise belongs to ALLAH, the Lord of the Worlds, who granted man with
knowledge from his unseen treasures. All regards and respects to the Hazrat
Muhammad Sallallahu Alaihi Wa Sallam, whose teachings are source of knowledge
and blessings for entire creation.

No words can suffice to express my indebtedness to my supervisor, Prof. Dr. Samina
Jalali, Department of Animal Sciences, Quaid-i-Azam University, Islamabad, for her
brilliant versatility, devoted guidance and for being so very supportive in all stages of
this research work. Her immense knowledge was an inspiration for me and gave me a
hope and thought to explore diverse things in my research work.

| am grateful to Dr. M Shahab, Chairman, Department of Animal Sciences, Quaid-i-
Azam University, Islamabad, for providing me all necessary facilities for the
completion of thiswork.

| ought to submit my heartiest and sincere feelings to Dr. Sajjad Aslam Shami for his
keen interest and sound advisesin all aspects of my research endeavors.

My heartiest thanks are for Dr. Inam-ur-Rahim, Dr. Sher Muhammad (DG Livestock
and Dairy Development, Khyber Pukhtoonkhwa), Syed Igmail Hussain Shah, Dr.
Mufeez-ur-Rahaman (EDO Livestock and Dairy Development, Lower Dir), Mr.
Shafig-ur-Rahman (Ex-EDO, Agriculture, Lower Dir), Dr. Khalil-ur-Rahman (DLO,
Lower Dir) and Dr. Rahimullah for their full support and courage during my
research.

Major kudos goes out to Muzafar Said, Amin-ul-Haq and Farid khan for their cordial
support.

| am cordially thankful to all my colleagues at Veterinary Hospital Haya Serai
(Maidan valley), Veterinary Hospital Munda (Jandool valley), Veterinary Hospital
Talash (Talash valley) and Veterinary Hospital Ouch for helping me in this study.

| wish to express my sincere thanks to all my lab fellows Tariq Zubair Avisi, Rifat
Gilani, Latafat Amin Khan, Naushaba and Benish for their pleasant company.

| convey my heartiest and sincerest acknowledgements to my tenacious friends
Muhammad Sherin (Late), Sultan-ud-Din, Sharif-ur-Rahim, Hamdullah, Humayun,
Zakria, Lateef, Hamidullah, Kiramatullah Aurakzai, Saeed Ahmad, Adnan Shah and
my cousins Igbal Hussaun, Rahmat Hussain, Alam Zeb, Naeem Said and Fazal
Rahman for their sincere feelings, help and encouragement.

The sincere efforts of Asmatullah (Tangey), Riaz Mohammad, Zarif Khan (Katan) and
Hidayatullah (Haya Serai) are highly acknowl edged.

My heartfelt gratitude is reserved for Dr. Momen Khan. His guidance and courage
was an inspiration for me all the way long, not only in my studies but also in every

step of my life.

Muhammad Saleem



LIST OF FIGURES

Figure No. Title Page No.

Figure 1 Map of the study area 17

Figure 2 Labeled diagram of cow showing its various body 21
parts measured for this study

Figure 3a, b Coat color of Achai cow (a) solid reddish brown 27
(b) spotted reddish brown

Figure4 a, b Coat color of Achai bull (a) solid reddish brown 28
(b) spotted reddish brown

Figure5a, b Achai bull with (a) darker neck and shoulder 29
region (b) darker neck, shoulder and hind quarter.

Figure 6 a, b, c, dColors of the horns of Achai cattle (a) light 31
brownish at base with grayish in the middle and
black in the upper part of the horn upto the tip (b
light brown at base with blackish tinge in the uppe
part of the horn (c) light brown (d) black

Figure 7 a, b, c  Colors of the eyelashes of Achai cattle (a) reddish 34
brown (b) black (c) white

Figure 8 a, b, ¢  Colors of the muzzle of Achai cattle (a) light 37
brown (b) light brown with black pigments (c)
black

Figure 9 a, b, ¢  Colors of the hooves of Achai cattle (a) light 40
brown (b) black (c) light brown with black
striation

Figure 10 a, b, ¢ Colors of the tail switch of Achai cattle (a) resldi 43

brown (b) white (c) black



LIST OF TABLES

Table No. Title Page No.

Table 1 Coat colors of Achai cows and Achai bulls in Talash 26
Jandool and Maidan valleys of District Lower Dil¥P.

Table 2 Colors of the horns of Achai cows and bull$alash, 32
Jandool and Maidan valleys of District Lower Dil¥P.

Table 3 Colors of the eyelashes of Achai cows adldafbulls in 35
Talash, Jandool and Maidan valleys of District LoD,
NWFP.

Table 4 Colors of the muzzle of Achai cows and$idITalash, 38

Jandool and Maidan valleys of District Lower DiA¥P.

Table 5 Colors of the hoof of Achai cows and budlJalash, 41
Jandool and Maidan valleys of District Lower DiA¥P.

Table 6 Colors of the tail switch of Achai cows dndls in Talash, 44
Jandool and Maidan valleys of District Lower DiA¥P.

Table 7 Mean heart girth, body length, height aheris and height 47
at hipbone (cm) of Achai cows and bulls in Talakndool
and Maidan valleys of District Lower Dir, NWFP.

Table 8 One-way analysis of variance showing diifiees in mean 48
values of heart girth, body length, height at wighand
height at hipbone of Achai cows among Talash, Jaindo
and Maidan valleys of District Lower Dir, NWFP.

Table 9 One-way analysis of variance showing dsifiees in mean 49
values of heart girth, body length, height at wighend
height at hipbone of Achai bulls among Talash, dahend
Maidan valleys of District Lower Dir, NWFP.

Table 10  The ratio of heart girth to height at with(HG: HW), body 51
length to height at withers (BL: HW) and rump width
height at withers (RW: HW) of Achai cows and Achalls
in Talash, Jandool and Maidan valleys of Distrioter
Dir, NWFP.

Table 11  One-way analysis of variance showing diffees in the 52
ratio of heart girth to height at wither (HG:HW)Qdy
length to height at wither (BL:HW) and rump width t
height at withers (RW: HW) of Achai cows among Eila
Jandool and Maidan valleys of District Lower DiA¥P.



Table No. Title Page No.

Table 12  One-way analysis of variance showing difiees in the 52
ratio of heart girth to height at wither (HG:HWQdy
length to height at wither (BL:HW) and rump width t
height at withers (RW: HW) of Achai bulls among asth,
Jandool and Maidan valleys of District Lower DiA¥P.

Table 13 Face length, ear length and ear width @fmchai cows 55
and bulls in Talash, Jandool and Maidan valleyBisfrict
Lower Dir, NWFP

Table 14  One-way analysis of variance showing tifiees in mean 56
face length, ear length and ear width of Achai cam®ng
Talash, Jandool and Maidan valleys of District Lo,
NWFP.

Table 15  One-way analysis of variance showing tiffiees in mean 56
face length, ear length and width of Achai bullsoaig
Talash, Jandool and Maidan valleys of District Lo,
NWFP.

Table 16  Mean length (cm) of the horn along theigmeand smaller 59
curvature and mean circumference (cm) of horn s¢ ba
mid region and just below the tip in Achai cows dudls in
Talash, Jandool and Maidan valleys of District LoD,
NWFP.

Table 17  One-way analysis of variance showing dbffees in mean 60
length (along the greater and smaller curvaturd) an
circumference (at base, mid region and tip) offtben of
Achai cows among Talash, Jandool and Maidan vatéys
District Lower Dir, NWFP.

Table 18  One-way analysis of variance showing tiffiees in mean 61
length (along greater and smaller curvature) and
circumference (at base, mid region and tip) ofttben of
Achai bulls among Talash, Jandool and Maidan valtdy
District Lower Dir, NWFP.

Table 19  Length and circumference of the neck,langth and width 64
of the dewlap (cm) of Achai cows and Achai bulls in
Talash, Jandool and Maidan valleys of District Lo,
NWFP.

Table 20  One-way analysis of variance showing tiffiees in mean 65
length and circumference of neck and mean length an
width of dewlap of Achai cows among Talash, Jandoal
Maidan valleys of District Lower Dir, NWFP.



Table No. Title Page No.

Table 21  One-way analysis of variance showing tiffiees in mean 66
length and circumference of neck and length andhaod
dewlap of Achai bulls among Talash, Jandool anddisiai
valleys of District Lower Dir, NWFP.

Table 22  Mean height and circumference (cm) ohiln@p of Achai 67
bull in Talash, Jandool and Maidan valleys of Destr
Lower Dir, NWFP.

Table 23  One-way analysis of variance showing dBffees in mean 67
height and circumference of the hump of Achai bulls
amonng Talash, Jandool and Maidan valleys of [Bistri
Lower Dir, NWFP.

Table 24  Measurements (cm) of back region (chimkla@in length) 70
and rump (length and width) of Achai cows and bulls
Talash, Jandool and Maidan valleys of District LoD,
NWFP.

Table 25  One-way analysis of variance showing dBffees in mean 71
loin length, loin width, rump length and rump widih
Achai cows among Talash, Jandool and Maidan vatiéys
District Lower Dir, NWFP.

Table 26  One-way analysis of variance showing dBffees in mean 72
chine length, loin length, rump length and rumpthvidf
Achai bulls among Talash, Jandool and Maidan valtdy
District Lower Dir, NWFP.

Table 27 Mean length of the front leg below kneaatj¢cm) and 74
mean circumference of the hoof (cm) of Achai cowd a
Achai bulls in Talash, Jandool and Maidan vallefys o
District Lower Dir, NWFP.

Table 28  One-way analysis of variance showing dBffees in mean 75
length of the front leg below knee joint and hoof
circumference of Achai cows among Talash, Jandad| a
Maidan valleys of District Lower Dir, NWFP.

Table 29  One-way analysis of variance showing dBffees in mean 75
length of the front leg below knee joint and hoof
circumference of Achai bulls among Talash, Jandodl
Maidan valleys of District Lower Dir, NWFP.

Table 30  Length of the tail and length of the stvibé the tail of 77
Achai cows and Achai bulls in Talash, Jandool aradddn
valleys of District Lower Dir, NWFP.



Table No. Title Page No.

Table 31  One-way analysis of variance showing tiffiees in mean 78
tail and switch length of Achai cows among Talakindool
and Maidan valleys of District Lower Dir, NWFP.

Table 32  One-way analysis of variance showing dBffees in mean 78
tail and switch length of Achai bulls among Talasndool
and Maidan valleys of District Lower Dir, NWFP.

Table 33  Standard 305-day milk yield (liters) ofh'&c cows in first, 81
second and third parity in Talash, Jandool and Efaid
valleys of District Dir Lower, NWFP.

Table 34  Regression analysis of variance of 305raidyyield of 81
Achai cows on parity in Talash, Jandol and Maidaltey
of District Lower Dir, NWFP

Table 35  Standard 305-day milk yield (liters) of¥ac cows calved 82
in spring, summer, autumn and winter season inshala
Jandool and Maidan valleys of District Dir LoweA¥P.

Table 36  Regression analysis of variance of 305raidyyield of 83
Achai cows on season in Talash, Jandool and Maidan
valleys of District Dir Lower, NWFP.

Table 37  Regression analysis of variance of 305rdigy/yield on 83
percentage calving of Achai cows in Talash, Jandadl
Maidan valley of District Lower Dir, NWFP.

Table 38 Birth weight (kg) of male Achai calves ban first, second 85
and third parity in Talash, Jandool and Maidanexedlof
District Lower Dir, NWFP.

Table 39  One-way analysis of variance showing tiffiees in mean 85
birth weight of male Achai calves among Talashdaah
and Maidan valleys of District Lower Dir, NWFP.

Table 40 Regression analysis of variance of biright of male 86
Achai calves on parity in Talash, Jandool and Maida
valleys of District Lower Dir, NWFP.

Table 41  Birth weight (kg) of male Achai calvestan spring, 86
summer, autumn and winter season in Talash, Jaadaol
Maidan valleys of District Lower Dir, NWFP.

Table 42  Birth weight (kg) of female Achai calvesin first, 87
second and third parity in Talash, Jandool and Efaid
valleys of District Lower Dir, NWFP.

Vi



Table No.

Title

Page No.

Table 43

Table 44

Table 45

Table 46

Table 47

Table 48

Table 49

Table 50

Table 51

Table 52

Table 53

Table 54

Table 55

One-way analysis of variance showing tifiees in mean
birth weight of female Achai calves among Talasimdbol
and Maidan valleys of District Lower Dir, NWFP.

Regression analysis of variance of birightt of female
Achai calves on parity in Talash, Jandool and Maida
valleys of District Dir Lower, NWFP.

Birth weight (kg) of female Achai calvestvin spring,
summer, autumn and winter season in Talash, Jamadaol
Maidan valleys, Lower Dir, NWFP.

Mean birth weight (kg) of male and female Achawveslin
Talash, Jandool and Maidan valley of District Lowier.

Mean birth weight (kg) of male and femadhai calves
born in first, second and third parity in Talastmdool and
Maidan valleys of District Lower Dir, NWFP.

Pubertal age and range (days) of Achaséowalash,
Jandool and Maidan valleys of District Lower Dil¥P.

One- way analysis of variance showingedéifice in mean
pubertal age of Achai cows among Talash, Jandabl an
Maidan valleys of District Dir Lower, NWFP.

Pubertal age of Achai cows (days) in Tgldandool and
Maidan valleys of District Lower Dir, NWFP.

Postpartum anoestrus interval (days) dlaAcows in first,
second, third and fourth parity in Talash, Jandoal
Maidan valley of District Lower Dir, NWFP.

One-way analysis of variance showing ifiees in mean
postpartum anoestrus interval of Achai cows amoaigsh,
Jandool and Maidan valley of District Lower Dir, NAN.

Regression analysis of variance of postpaanoestrus
interval on parity in Talash, Jandool and Maidalteya of
District Lower Dir, NWFP.

Postpartum anoestrus interval (days) diahcows calved
in spring, summer, autumn and winter seasons iashal
Jandool and Maidan valleys of District Lower DiA¥P.

Regression analysis of variance of potpaanoestrus
interval on season in Talash and Jandool valley3isifict
Lower Dir, NWFP.

88

88

88

90

91

92

92

93

95

95

96

96

97

vii



Table No. Title Page No.

Table 56  Number and percentage of Achai cows ceadeafter 98
availing first, second, third, fourth and more ttauarth
(fifth and sixth) natural services in Talash, Jasidgod
Maidan valleys, Lower Dir, NWFP

Table 57  Calving interval (days) of Achai cowsinst, second, third 100
and fourth parity in Talash, Jandool and Maidareyal of
District Lower Dir, NWFP.

Table 58  One- way analysis of variance showingedéfice in mean 100
calving interval of Achai cows among Talash, Jardoal
Maidan valleys of District Lower Dir, NWFP.

Table 59  Regression analysis of variance of calintgyval on parity 101
in Talash, Jandool and Maidan valleys of Distrioter
Dir, NWFP.

Table 60  Calving interval of Achai cows calved pring, summer, 102
autumn and winter season in Talash, Jandool andaviai
valleys, District Lower Dir, NWFP

Table 61  Regression analysis of variance of calintgyval on 102
season in Talash, Jandool and Maidan valleys dfiBtis
Lower Dir, NWFP.

Table 62 Dry period of Achai cows in first, secotidrd and fourth 104
parity in Talash, Jandool and Maidan valleys oftidis
Lower Dir, NWFP.

Table 63  One- way analysis of variance showingedéffice in mean 105
dry period of Achai cows among Talash, Jandool and
Maidan valleys of District Lower Dir, NWFP.

Table 64  Regression analysis of variance of dryogesn parity in 105
Talash, Jandool and Maidan valleys of District Lo,
NWFP.

Table 65  Dry period of Achai cows calved in sprisgimmer, 106

autumn and winter season in Talash, Jandool andadviai
valleys of District Lower Dir, NWFP.

Table 66  Regression analysis of variance of driopgesf Achai cows 106
on season in Talash, Jandool and Maidan valleiEsifict
Lower Dir, NWFP.

Table 67  Comparison of some morphometric measurengem) of 124
Achai cattle with other cattle breeds of Pakistan.

viii



ABSTRACT




Abstract

The present study on physical and morphometricadtaristics and productive and
reproductive performance was conducted on Achdlecabm Talash, Jandool and
Maidan valleys of District Lower Dir, North West ditier Province (NWFP now
known as Khyber Pakhtunkhwaakistan. Physical characteristics observed oraiAch
cows and bulls were colors of the coat, eyelash@ss, hoof, muzzle and switch of
the tail. Morphometric characteristics of Achai and bulls recorded were heart
girth, body length, height at withers, height gidone, head region (face length, ear
length and width), horn (length of the horn alohg greater and smaller curvatures
and the circumference of the horn at base, micdbregnd just below the tip), neck
and dewlap (length and circumference of the nemkgth and width of the dewlap),
height and circumference of the hump, back and r(ghime length, loin length, rump
length and width), length of the leg below kneenjpicircumference of the hoof,
length of the tail and length of the switch of thd. Productive performance studies
included standard 305-day milk yield and birth virtigf male and female calves.
Studies on reproductive performance included pabexge, postpartum anoestrus
interval, conception efficiency, calving intervaldadry period.

The present study revealed that majority of the ahatows have spotted reddish
brown coat color; reddish brown color of eyelashigbt brown color of hooves, and
reddish brown color of tail switch in all the threalleys. The dominant color of the
horn of cows was light brown at the base, grayisthé middle and black in the upper
part upto the tip in Jandool and Maidan valley &gidt brown at base with blackish
tinge in the upper part of the horn in Talash wallEhe most prevalent color of the
muzzle of the cows was light brown with black pigrteein Jandool and Maidan
valley, whereas, it was light brown in Talash wall€he highest percentage of Achai
bulls have spotted reddish brown coat color; lighdwn color horns at base with
blackish tinge in the upper part of the horn; reddorown color of eyelashes, light
brown color of muzzle with black pigments, blackatoof hooves and white color of
tail switch. There was no significant differencethe distribution of the physical
characteristics of cows and bulls among the thedieys except colors of the horns of
the bulls where significant difference (P=0.04) waserved among the three valleys.
There was also no significant difference in the vplence of the physical
characteristics between Achai cattle genders isetlieree valleys.

Morphometric characteristics of Achai cows withrsfigant differences among the
three valleys included ear length, horn mid regiooumference, chine length, loin
length and switch length. In bulls’ significant féiffence was observed in height at
withers, face length, ear length, ear width, neskgth, loin length, rump length,
length of the leg below knee joint and switch léngmong the three valleys. Based
on combined data of all three valleys, Achai coasehsignificantly longer and wider
ears, long neck, long loin and wider rump than Ad¢hdls. On the other hand, Achai
bulls have significantly higher values for heanttlyi body length, height at withers,
height at hip bone, length and circumference of leens, neck circumference,
dewlap length and width, chine length, rump lendéimgth of the leg below knee
joint, hoof circumference, tail length and switeimd@ith than Achai cows.

Based on combined data of all the three valleys otrerall mean 305-day milk yield
was 1426.3%30.23 liters. It was significantly higher in Jantd@560.14+36.88
liters; P<0.0001) and Maidan valley (150148.76 liters; P=0.0002) as compared to
Talash valley (1217.@%63.05 liters). Regression analysis of variance alk no
significant difference in mean 305-day milk yielsh@ng first, second and third parity
in Talash, Jandool and Maidan valley. Similarly smnificant difference was
observed in mean 305-day milk of cows calved imngprsummer, autumn and winter

Achai cattle breed, its productive and reproductive performance under traditional management system in District Lower Dir, NWFP, Pakistan. iX



Abstract

season in all the three valleys. The overall maah lveight of male Achai calves
based on combined data of all the three valleys 1a880.27 kg. There was no
significant difference in birth weight of male cakramong Talash (17.50£0.43 kg),
Jandool (16.40+£0.50 kg) and Maidan valley (1648 kg). The birth weight of
male calves increased significantly with advanqgagity number from first to third
parity in Talash (b=0.28+0.003; [, 1) = 9747, P=0.006) and Jandool valley
(b=0.16+0.006; R1, 1y = 768; P=0.02), whereas, there was no significkif¢rence
among the three parities in Maidan valley. The allanean birth weight of female
Achai calves based on combined data of all theetiwadleys was 14.4%).24 kg.
There was no significant difference in birth weiglitfemale calves among Talash
(14.30+0.46 kg), Jandool (14.46+0.45 kg) and Maidaltey (14.62+0.37 kg). Parity
also has no significant effect on birth weight emfale calves in all the three valleys.
Combined data of all the three valleys revealet e calves (16.88+0.27 kg) were
significantly (P<0.001) heavier than female cal{le654+0.26 kg) at birth.

The overall mean pubertal age of cow based on oia@l the three valleys was
1147.7318.26 days. There was no significant differencepubertal age among
Talash (1144.29+45.18 days), Jandool (1161.00+22ld¥%s) and Maidan valley
(1125.00+£39.04 days). The overall mean postpartmoestrus interval based on
combined data of all the three valleys was 9¥3382 days. There was no significant
difference in postpartum anoestrus interval amorajagh (100.00+6.33 days),
Jandool (96.3115.35 days) and Maidan valley (92558% days). Parity significantly
affected postpartum anoestrus interval in Talashewaand a significant (b= -
10.06+1.49; R4, 2 =45.11; P=0.02) decrease was observed from &r&iurth parity.
However, parity did not significantly affect postjpan anoestrus interval in Jandool
and Maidan valley. Season also had no significéigcieon postpartum anoestrus
interval in Talash and Jandool valley. In Maidafiexasignificantly (P=0.02) longer
postpartum anoestrus interval was observed in @ahgd in winter as compared to
spring season. The highest percentage of cows im@akcat first natural service was
observed in Jandool (72.32%) followed by Maidan.%8%) and Talash valley
(68.12%). The overall mean calving interval baseccombined data of all the three
valleys was 476.37+5.17 days. There was no sigmifidifference in calving interval
among Talash (462.10+£9.18 days), Jandool (483.8G+8ays) and Maidan valley
(480.65+9.70 days). Parity and season did not taffelwing interval significantly in
all the three valleys. The overall mean dry petiaded on combined data of all the
three valleys was 91.55+2.71 days. Cows in Taladley had significantly shorter
dry period than cows in Jandool (P<0.001) and Maidalley P=0.005). Regression
analysis of variance revealed no significant eftgdcparity and season on dry period
in all the three valleys. The present study indéidahat Achai cows and bulls had no
significant difference in physical characteristeescept the colors of horns in bulls
among all the three valleys. Bulls were larger ige gshan cows. Standard 305-day
milk yield was significantly higher in Jandool ahidan valley than Talash valley.
Male as well as female calf birth weight did naoffeti significantly among the three
valleys. However, male calves were significanthaer than female calves at birth.
There was no significant difference in reproductperformance like pubertal age,
postpartum anoestrus interval, conception effigremcd calving interval among the
three valleys except dry period which was signiitbashort in Talash compared to
Jandool and Maidan valley. Parity significantlyeafled male calf birth weight and
postpartum anoestrus interval in Talash valley, r@&®, the effect of parity on other
productive and reproductive parameters was noifgignt. Similarly, the significant
effect of season was observed on postpartum ansdsterval in Maidan valley and
season did not significantly affect other produetand reproductive parameters.

Achai cattle breed, its productive and reproductive performance under traditional management system in District Lower Dir, NWFP, Pakistan. X



Abstract

The present investigation was conducted for the& fime for Achai cattle with the

objectives to study the physical and morphometn&racteristics and productive and
reproductive performance under traditional managemgystem. The findings

obtained can be used as baseline data to improvdugtive and reproductive

performance of Achai cattle with the potential aygmhes discussed for improving
these parameters. No doubt this study was caraédoo a particular breed. It can be
suggested that on the same pattern improvementraduptive and reproductive

performance in other cattle breed in the countrylwa carried out. It is expected that
improvement in productive and reproductive perfamoea shall lead to the

improvement of economy of farmers as well.

Achai cattle breed, its productive and reproductive performance under traditional management system in District Lower Dir, NWFP, Pakistan.
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INTRODUCTION




I ntroduction

Livestock as a sub-sector of agriculture accouats5fl.80% of agricultural value
added and contributes 11.30% to Gross DomesticuetedLivestock play a vital role
in rural economy, which is evident from the facatttabout 35 million people are
engaged in livestock rearing in rural areas degvd® to 40% of the household
income from this sector. Livestock provides primtigources for essential items of
human diet in the form of milk, meat, egg, providesol, hair, hides, skin, and
farmyard manure and is an important source of regimwer for cultivation and rural
transport. It is also a source of regular cashnme@nd provides employment for
more than half of the population of Pakistan (Pasthand Khan, 2002; Pakistan
Economic Survey, 2007-2008 and 2008-2009).

Pakistan is endowed with a rich livestock genetsources, well adapted to the local
conditions. There are 15 breeds of cattle, 5 bre¢dsuffaloes, 25 breeds of sheep
and 25 breeds of goat (Khan et al., 2007 a; Khaal.e2007 b; Khan et al., 2008 a;
Khan et al., 2008 b). The population of cattle akiBtan is 29.6 million, buffalo 27.7
million, sheep 26.5 million and goat 53.8 millioGqvernment of Pakistan, 2006).
Among cattle breeds, Sahiwal, Red Sindhi and Ctawlisare milch breeds, Bhagnari
and Dajal are heavy draught breeds, Dhanni, LoaadiRojhan are medium-draught
breeds. Kankrej, Tharparker, Achai and Gabrali @wasidered as dual purposes
breeds of cattle (Khan et al., 2005; Khan et &0&a).

Punjab province is the home tract of indigenoutieclteeds like Sahiwal, Cholistani,
Dajal, Dhanni and Rojhan whereas Sindh is the atlbit Tharparker and Kankrej
cattle breeds. Red Sindhi and Bhagnari are four&indh and Baluchistan provinces.
In North West Frontier Province, cattle breeds fbun the southern districts are
Rojhan and Lohani and in the northwest region athafhand Gabrali (Khan et al.,
2005; Khan et al., 2008a).

Indigenous breeds are multipurpose, adapted to pitevailing environmental
conditions, perform well on poor quality roughagessistant to diseases and can
move in rugged terrain for grazing. Exotic breedstloe other hand require quality
fodder and concentrates for economically viable fquerance, susceptible to
prevailing diseases, vulnerable to weather extremeadapted to move in rugged

terrain for grazing, demands labor intensive s$etling and rely on high inputs to be
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purchased from outside the system (Carvalho et18095; Hammond and Leitch,
1996; Alderson, 2001; Orskov, 2008; Hoffmann, 20K8hler-Rollefson et al., 2009).

Indigenous livestock breeds face many challengdseamd to disappear as a result of
development interventions where high-input, hight-put breeds are preferred,
specialization with emphasis on single productiad,tgenetic introgression through
crossbreeding, technical change in which machirgplaces work animals, economic
change where subsidized imports or synthetics @ffiearkets for typical outputs of
indigenous breeds, environmental change renderacted unviable in a particular
habitat and political instability which perish thecal breeds owned by vulnerable
populations (Hammond and Leitch, 1996; Blench, 200&ere is a terrible risk that
most breeds may perish before they have been éxelyisecognized and exploited
(FAO, 2000). Recognizing the imperative value ofvaal genetic resources to food
security, rural development and environment, therimational community agreed on
concerted efforts to use, develop and conservédibstock biodiversity and halt its
further depletion (FAO/UNDP, 2000; FAO, 2007; Ridiet al., 2008). To materialize
conservation and development of livestock breedspgy characterization of the
breed is essential to identify breed attributes fmmediate use by farming
communities and design appropriate breeding sieseqr their sustainable use and
development (Hassen et al., 2007; FAO, 2007; Z2008; Kohler-Rollefson et al.,
2009). The commonly used phenotypic characterisires physical characteristics,

morphometric measurements, productive and reprogugerformance.

Data on physical, morphometric, productive and adpctive characteristics in
various combinations have been used in the consamvand development of cattle
breeds. In Kenya, breeding plan has been desigmethé genetic improvement of
milk yield and growth rate in Sahiwal cattle. Th®gess involved selection of cows
on the basis of individual milk yield as bull damusd the young bulls thus produced
were subjected to progeny testing. The proven hudiee then used for breeding elite
cows to produce more bulls for dissemination to fareners (Muhuyi et al., 1999).
For evaluation of Sahiwal and Ongole cattle in #&diulls have been put to progeny
testing and are ranked on the basis of first lemtanilk yield of their daughters and
the top ranked bulls are used for elite matingféwther production of proven bulls
which are then used for the improvement in mikdi(Joshi et al., 2005). In China,

Southern Yellow cattle has been improved from estgkly a draught animal to a
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dual-purpose cattle breed through selective brgedin the basis of recording
performance traits like milk yield and birth weigittuai et al., 1993). lama cattle
in Gambia has also been genetically improved whbe cows were selected
according to an index containing information onlyaeight gain (between 15 and
36 months) and 0-100 day milk yield of all lactatidResultantly an increase of 0.40
kg per year for the weight at 36 months was obthidering the 10 years period
(Bosso et al., 2007). In other species like shesformation about physical and
productive characteristics have been used in tipganement of Djalkonke sheep in
Cote d, Ivoire and resultantly the progeny of tekested population weight 28-30 kg
at 12 months of age compared to 15-17 kg for unssdepopulation at farm level
(Blackburn et al., 1998; Yapi-Gnaone et al., 20@9nservation and improvement
programs using performance data are under way fpmNcattle in South Africa
(Bester et al., 2001), Hariana cattle in India fl@t al., 2005) and Sahiwal cattle in
Pakistan (Igbal, 2006).

The physical characteristics (color of the coatnbp eyelashes, muzzle, hoof, talil
switch) and morphometric measurements (heart dadldy length, height at withers
and hipbone, head region, horns, neck and dewlampphback and rump, legs and
tail) have their significance in breed identificati The productive (standard 305-day
milk yield, birth weight), and reproductive perfaancte (pubertal age, postpartum
aoestrus interval, conception efficiency, calvimgerval, dry period) shall provide
broad based information that shall assist that hawprovement in different

characteristics can be made in Achai cows.

Physical characteristics.

Phenotypic characterization of the livestock breedsisually based on common
physical characteristics such as color of the bmmit, horn, muzzle, hoof, tail switch,
eyelids and eyelashes to identify a breed andrdifiteate it from others (Pundir et al.,
2007; Singh et al., 2007; Singh et al., 2011).

Among the physical characteristics, coat coloms of the most important qualitative
traits used to distinguish cattle breeds. Coatr¢alolor pattern, size and shape of the
horns are so important distinctive phenotypic $réiat are applicable as trademark of
the breed (Adalsteinsson et al., 1995; Schmutzl.et1895; Klungland and Vage,
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2003; Okeyo et al., 2005). Breeders in the pastuat@ breeds on the basis of coat
color as they have no scientific knowledge for nueiag the economic traits (Seo et
al., 2007). Information on these phenotypic traitsl genes controlling them are of
great importance in describing different breed$ivastock and are helpful in breed
conservation (Klungland et al., 2000; Klungland &fagje, 2003).

Coat color in cattle can be broadly described asch@pat colors, modifications of the
basic coat color and color pattern. There are thesec coat colors in cattle; black,
reddish-brown to brownish black and red and arerdehed by Extension (E) and
Agouti (A) loci (Olson, 1999; Kuhn and Weikard, 200 Modified basic colors in

cattle are represented as dilution (D), roan (Ropwn (B) and albino (C) which

involve lightening or removal of pigmentation framasic coat colors (Olson, 1999;
Barsh, 2001; Seo et al., 2007). Color patternsrgbsgen cattle breeds like blaze (BI),
brockling (Bc), color sided (Cs) or brindle (Br)ngainly due to their interaction with
spotted (S) or other genes (Olson, 1999; Barshl ;2860 et al., 2007).

Information about the effect of coat color of catin productive and reproductive
performance is vary scanty and the available repadicate no significant effect of

coat color on productive and reproductive perforoeafiPeters et al., 1982; Becerril et
al., 1996; Okeyo et al., 2005). On the other hawadinformation are available in the
literature showing the association of eyelash celdh productive or reproductive

performance of the cattle. However, such physida&racteristics are used to
characterize cattle breeds and distinguished oeedbirom others (Singh et al., 2007;
Singh et al., 2011).

M or phometric measur ements.

Morphological characterization of the livestock dme can help in proper

management, conservation and genetic improvemethiedbcal livestock breeds and
morphometric measurements could aid field assessmeranagement and

conservation of the cattle population where thel go#o obtain phenotypically pure

local genetic resources for future selection amgtimprovement strategies (Yakubu
et al., 2010).

Morphometric measurements have been used to egalhatcharacteristics of the
animal that may vary due to the influence of breswlution, environment and
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nutrition (Riva et al., 2004). Morphometric measnents can be easily measured
under field condition and are biologically relatedcost traits (Gallo et al., 2001).
Morphometric measurements have been suggested Bes obgective measures of
body conformation of animal (Janssens and Vandg@®@04; Janssens et al., 2004).
Morphometric measurements are used for predictidmody conformation, which is
an important component of breeding and selectiamsas both in dairy (Schneider et
al., 2003) and beef cattle (Doren et al., 1989bh&tl et al., 1993) and are also useful
as selection criteria for performance traits withall scale farmers where weight
measurements might not be feasible as they do awe¢ laccess to weighbridge
(Maiwashe et al., 2002).

In dairy cattle morphometric measurements with offerformance traits have been
investigated in many studies. In Holstein cowdas been reported that cows with
smaller heart girth and larger paunch girth hadiaantly higher yield. Taller cows
produced more milk than shorter cows and cows digiit weight yield greater fat
corrected milk as first-calf heifer and through kttations (Siber et al., 1988). A
positive relationship between linear type traitsl &ammgevity has also been observed
and therefore, linear type traits (body depth, thedth, rump length, rump width,
foot angle, udder and teat traits), can be useddasators of longevity in dairy cows
(Neuenschwander et al., 2005; Bouska et al., 20B&yram et al (2006) study the
correlation between body measurements and procduttaits and reported positive
significant correlation between body length, hegrth, height at wither, chest depth,
pelvic length and body weight with 305-days milklyl.

In beef cattle linear type traits like hip width mmp length or a combination of both
can be used to predict breed type (Alderson, 1988hgevity, an increasingly

important trait can also be predicted from lineget traits (height at withers, rump
length, hip width etc) in beef cattle (Foraboscalet 2004). Information about the
association of the linear body measurements anddaptive performance is scarce
and are limited to rump/ pelvic width, length amdjie. Royal et al. (2002) reported a
negative correlation between rump width and comraement of luteal activity,

whereas, Pryce et al (2000) observed very littlecrelationship between rump traits

and fertility in terms of cyclicity in cattle.
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Productive performance.

The productive performances studied were Stand@fdday milk yield and birth
weight.

Standard 305-day milk yield.

Milk is the trait of major economic importance iaiy cattle and estimation of milk
yield is useful for dairy producers in making masagnt and breeding decision and
is essential for genetic evaluation (Kalsi and Bhil 1982; Ahmad and
Sivarajasingam, 1998; Rehman et al., 2006; Quiak €2007). Among the traits, 305-
day milk yield has the greatest influence on thieydaconomy and should therefore
be considered as the most important trait (Dahlal.e 1998).

Milk production is influenced by both genetic anavieonmental factors including

parity, year and season of calving, breed, agesttchlving, lactation length and herd
(Javed et al., 2000; Aslam et al., 2002; Bajwal et2804; Rehamn et al., 2006; Lee
and Kim, 2006; Cilek and Tekin, 2007; Lateef ef a008). Regarding the effect of
parity on milk yield, both significant (Lee and Kin2006) and non-significant
(Rehman et al.,, 2006) effects have been reportetitarature. Similarly calving

season has also been reported as a significanim@elet al., 2006; Gader et al.,
2007) and non significant (Shafiq et al., 1995; gilvala et al., 2004) source of

variation in 305-day milk yield in cows.

Birth Weight.

Birth weight in cattle is one of the most importéattors from the economic point of
view particularly in terms of meat production assitlirectly correlated with weight at
maturity and can be used as a measure for effestietion for further breeding. A
well grown bull shall be useful to have better gatien. It is a measure of growth in
a relatively homogenous environment and is the fi@amponent of growth rate,
which can be easily evaluated (Ahmad and Kumbtg51Yadav et al., 2001).

Birth weight of calf is significantly influenced bxarious factors like breed of the cow
(Syed et al., 1994; Mondal et al., 2005), sex ef¢hlf (Ahmad and Kumbhar, 1975;
Tawonezvi, 1989), parity of the cow (Nagaracenkanl e 1981; Eriksson et al., 2004)

and year and season of birth of calf (Ahmad and Bhemn, 1975; Nagaracenkar et al.,
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1981; Tawonezvi, 1989). However, several reportshi@ literature revealed that
parity (Yadav et al. 2001; Nogalski, 2003), calvsgpason (Tuah and Danso, 1985;
Yadav et al., 2001) and calf sex (Yadav et al.,122Bbangi et al., 2002) have no
significant effect on calf birth weight in cattle.

Reproductive perfor mance.

Successful reproductive performance is a criticangonent of profitable dairy
enterprise (Garcia-Ispierto et al., 2007a; Palosi&faveda et al., 2008) as it affects
the amount of milk produced per cow per day of héej which is an important
factor influencing the profitability of dairy her@vans et al., 2006; de Vries, 2006;
Bishop and Pfeiffer, 2008). Reproductive succesalss associated with increased
herd longevity (Stevenson and Call, 1988), avdilgbof replacement stock (Britt,
1985; Esslemont, 1992), opportunities for more e culling and rate of genetic
improvement for the traits of economic importangEgans et al., 2006; Chang et al.,
2006).

Traditional measures of fertility used for the asseent of reproductive performance
are the interval measures and fertility scores (&lei2004). Interval measures
include days from calving to first service or h@abstpartum estrus interval), days
from calving to conception (days open) and interlbatween successive calving
(calving interval) (Royal et al., 2000). Fertiliscores are non-return to first service,
determined by weather another service follows withipre-determined number of
days such as 56 or 90 days and conception atsBrsice, determined either through

pregnancy diagnosis or subsequent calving.

As no single parameter can adequately summarizedegtive performance (Kanuya
et al., 2000), therefore, a panel of parametes fikst service conception rate and
calving interval can be used to evaluate repradecefficiency/fertility in cattle
(Upham, 1991; Barth, 1993; Gonzalez, 2001; Sar@606; Swai et al., 2007).
Reproductive traits of significant importance angb@tal age, postpartum estrus

interval, conception rate, calving interval and geyiod.

Pubertal age.

Pubertal age in female cattle has been definetieaade at which estrus first occurs

with ovulation (Rawlings et al., 2003; Ball and €&st 2004)In male cattle pubertal
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age may be defined as the age in which productidheofirst ejaculate with at least

50 x 10 sperms with 10% progressive motility occurs (Nagye2004).

Pubertal age is an important determinant of reptde efficiency and early
attainment of pubertal age is necessary for optintaproductive performance in
cattle (Ali and Farooque, 1989; Tegegne et al.,2)9Bubertal age is determined by
several factors, which are endogenous as well agegous. Endogenous factors
include genotype (Mukasa-Mugerwa, 1989; Abeygunemadet al., 1994), growth
and body weight (Ali and Farooque, 1989; Moorelgtl®90; Tegegne et al., 1992)
whereas, exogenous factors are nutrition (Mustiaéh €2003; Rekwot, 2004), year or
season of birth (Grass et al., 1982; Azam et QD12 Mustafa et al., 2003) and bull
biostimulation (Rekwot et al., 2000)

Bos indicus (zebu cattle) cattle reached pubedal \ahen they attain 60% of adult
body weight whereas Bos tarus cattle attain pubaga at 30-55% of adult body
weight (Mukasa-Mugerwa, 1989; Abeygunawardena et E994). It has been
observed that Bos indicus heifers reached pubageibout 12 months later than Bos
taurus heifers (Tegegne et al., 1992). Late attamrof pubertal age in zebu cattle is
a problem that affects their productivity by cagsihem to calve first at late age.
Genetic improvement for this characteristic is gassbecause age at puberty has
high heritability in zebu cattle. Genetic selectermd improved nutrition can be used
to reduce the age at puberty and first calving ébwz heifers (Nogueira, 2004;
Rekwot, 2004).

Postpartum anoestrousinterval.

Postpartum anoestrous interval is the interval faatving to first behavioral oestrus
(Short et al., 1990; Mukasa-Mugerwa et al., 1991aléh et al., 2000; Abdalla and
Elsheikh, 2008). Postpartum anoestrous intervalyspla pivotal role in cattle
reproduction and its duration greatly influencgzoductive performance of the cattle
(Lucy, 2007; Peter et al., 2009). The early resummpbf normal ovarian activity
accompanied by visible oestrus symptoms after oglvis essential for high
reproductive efficiency in cows and delay in thenooencement of ovulation and
expression of oestrus are associated with reduoedeption rate and increased
interval from calving to conception and such cows more likely to be culled
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compared to cows with a short postpartum anoesgttesval (Opsomer et al., 2000;
Rhodes et al., 2003; Tanaka et al., 2008).

The main factors affecting the duration of postpartanoestrus interval in cattle are
nutritional status (Jolly et al., 1995; Butler, B)Mureda and Zeleke, 2007) and
suckling (Mukasa-Mugerwa et al., 1991; Das et #40899; Lobago et al., 2007).
However, breed, parity, and calving season have bEen identified as factors
affecting postpartum anoestrus interval in catBerka et al., 2004; Abdalla and
Elsheikh, 2008; Matiko et al., 2008).

Abdalla and Elsheikh (2008) reported significandiort postpartum anoestrus
interval in crossbred cows as compared to localakanand Fellata cattle breeds in
Sudan.

The effect of parity on the resumption of ovarigle postpartum is complicated. A
positive (P<0.001) relationship between parity aodnber of days from calving to
the resumption of ovarian cyclicity was found iritBh Friesian and North American
Holstein dairy cows (Fonseca et al.,, 1983; Darwashal., 1997). However,

postpartum anoestrus interval has been demonsttaté@d significantly longer in

primiparous and biparous cows as compared to nauttiyss cows (Boonbrahm et al.,
2004; Matiko et al., 2008). On the other hand, Begk al. (2004) and Lobago et al.
(2007) reported no significant effect of parity postpartum anoestrus interval in
Czech Pied and Holstein cows in Czech Republiccaosisbred dairy cows in central

Ethiopia respectively.

The influence of calving season on the postparturoestrus interval is well
documented in cattle and it has been observed mymstudies that calving season
significantly affect the trait. Obese et al. (1998)ported significantly short
postpartum anoestrus interval in Sanga cows calwindry season as compared to
rainy season in Ghana. Similarly, Matiko et al0q®) also reported significantly
short postpartum anoestrus interval in zebu cowsngpin dry season as compared to
rainy season in Tanzania. However, Abdalla and di$h (2008) observed
significantly short postpartum anoestrus interval drossbred cows (Kenana X

Friesian) calving in summer as compared to autunthveinter season in Sudan. On
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the other hand, Lobago et al. (2007) reported goifstant effect of calving season

on postpartum anoestrus interval in crossbred dawys in central Ethiopia.

Conception efficiency.

Conception efficiency which is also known as féstiscores is a traditional measure
of fertility (Fetrow et al., 1990; Royal et al., @D Weigel, 2004). Fertility is one of
the most important determinants of production adfécts the most vital reproductive
indicators like days open and calving interval amcteased feeding, insemination,
veterinary costs and delayed the subsequent lactéBiochard, 1990; Bousquet et
al., 2004; Chang et al., 2006). A decline in covwtilfey has been reported in the
literature over the last 20 years (Lucy, 2001; Rataal., 2002; Washburn et al.,
2002; de Vries and Risco, 2005) thus alarming amedtiate attention towards this
problem. Keeping in view the importance of feniliin reproductive success of a
herd, its evaluation and inclusion in the genetiection indices in order to attenuate
the rate of decline in fertility has been widelg@enmended (Washburn et al., 2002;
Gonzalez-Recio et al., 2004; Gonzalez-Recio eR8D6; Evans et al., 2006jertility

is generally measured by conception rate to fiestise and number of services per
conception (Fetrow et al., 1990; Gonzalez-Recialet2006; Melendez and Pinedo,
2007; Soydan et al., 2009). However, the percentdgeervice-specific conception
can also be used which provides a measure of theeption efficiency broken down
by the number of services a cow has received (Cirguet al., 1989; Fetrow et al.,
1990). The most widely used measure of fertilityhs first service conception rate,
an index that measures the ability of the cow tcobee pregnant after first service.
Conception rate to first service providesiseful estimate of the conception rate of a
herd and is the combined consequence of fertitimatiearly embryonic, late
embryonic and fetal development (Nebel, 1998; Grih&t al., 2006). The number of
services per conception measures female fertiligcty and indicates the probability
of conception when a cow is given the opporturotgét pregnant (Gonzalez-Recio et
al., 2006).Various factors influencing conceptiaterare parity and season (Perea-
Ganchou et al., 2005; Garcia-Ispierto et al., 2Q@&tydan et al., 2009), cyclicity and
breeding time post-calving (Lamming and Darwash,9819 Gustafsson and
Emanueleson, 2002; Shreshta et al., 2004; PereehGanet al., 2005), milk
production (Royal et al., 2000; Huang et al., 200&eed and breeding system
(Howlader et al., 1997; Kanuya et al., 2000; Pé&saachou et al., 2005).
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Calving interval.

Calving interval in cattle is defined as the insnbetween the two most recent
consecutive calvings (Sarder, 2006; Swai et al0;720It is a vital index to estimate
reproductive performance of the herd and is thé besnomic index of any dairy
enterprises (Sackey et al., 1999; Sarder, 2006 &ved., 2007).

Calving interval is the sum of service period (thterval from last calving date to the
date of conception) and gestation period. Servexog is the main determinant of
calving interval because gestation period is almmstilar in cattle (Salah and
Mogawer, 1990; Masama et al., 2003; Sarder, 20®&)vice period is influenced by
postpartum estrus interval and conception rate ammabination of both (Slama et al.,
1976; Obese et al., 1999; Azam et al., 2001; Masatrah, 2003; Swai et al., 2007).

The desirable calving interval for efficient milkqaluction is 365 to 405 days or 12 to
13.5 months in dairy cows (McDowell, 1985; Esslemoif993; Hafez, 1993;
Radostits, 2001; Sarder, 2006). To achieve thid, glo@a cows must conceive before
100 days postpartum (Munro, 1987). However, it $thde mentioned that optimum
calving interval might not be 365 days (12 montinsdler all managements and milk
production levels. Average calving interval recomished for U.S dairies is 405 days
or 13.5 months (Britt, 1981), for Texas dairies 420 days or 14 months
(Tomaszewski et al., 1981) and for dairy productimder tropical condition is 430
days or 14.33 months (Mujuni, 1991; Kanuya, 1992hg calving interval adversely
affects productivity because cows spend a greaigiop of their lactation at low
production level and the calf crop is also redu@eanuya et al., 2000; Swai et al.,
2007).

Various factors that significantly affect calvingerval are parity (Goshu et al., 2007;
Mureda and Zeleke, 2007), calving season (ParraaBnante et al., 2005; Sattar et
al., 2005), year of calving (Mustafa et al., 2083yra-Bracamonte et al., 2005) and
breed of the cattle (Swai et al., 2005; Medinal €2809). On the other hand, several
studies have reported no significant effect oftgaiiiobago et al., 2007; Ansari-Lari
and Abbasi, 2008) and calving season (Goshu e2@0D7; Lobago et al., 2007) on

calving interval in cattle.
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Dry Period.

Dry period is a nonlactating period incorporatedwaen successive lactation that
allows the mammary epithelial component to regrgssliferate and differentiate
which in turn allows maximal milk production to agcduring the subsequent
lactation (Capuco et al., 1997; Annen et al., 2004y period is one of the important
factors that influences lifetime milk production dafhas been established as a
necessary management practice to maintain praditadilk production in dairy cows
(Bachman and Schairer, 2003; Grummer and Rasta4)2

Substantial amount of research has supported 69 digyperiod for optimum milk
production and reported 20 to 25% loss of milkubsequent lactation when the cows
are milked continuously (Bachman and Schairer, 2@8mmer and Rastani, 2004,
Andersen et al., 2005; Rastani et al., 2005). Mamhythe recent studies also
recommended a dry period of 40 to 60 days for amtimmilk production in
subsequent lactation (Kuhn et al., 2005; Kuhn e28I06; Gallo et al., 2008).

Traditionally, 60 days dry period was applied te thole herd, however, the optimal
dry period length may vary depending upon paritgysdopen, and level of milk
production etc (Schaeffer and Henderson, 1972; lwical., 1987; Makuza and
McDaniel, 1996; Annen et al., 2003; Kuhn et al.0@0

Variable results have been reported regarding ffecteof parity on dry period.
Aslam et al. (2002) observed significantly longestpartum anoestrus interval while
Gallo et al. (2008) reported significantly shorntiey period after first parity in Italian

Friesian and various indigenous cattle breeds kiska respectively.

Kuhn et al. (2007) reported that Jersey cows witigér days open have longer dry

period that resulted in substantial loss of proucacross the lifetime of a cow.

Considerable increase has occurred in milk prodocter cow as a result of
progressive changes in the genetics and manageshéme dairy animal population
(Bachman and Schairer, 2003). Thus optimum lenfjtirnpoperiod has been a subject
of great debate and there is an emerging intecesedvaluate the traditional dry
period length, which could increase income fromknpfoduction and simplify dry

cow management (Grummer and Rastani, 2004). In segent studies, it has been
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observed that reduction in dry period length froth days to 30-34 days has not
significantly affect milk production, dry mattertake and body condition score
(Gulay et al., 2003; Bachman, 2002; Annen et &042. Resultantly a dry period
length of 41 to 50 days is recommended to maxirgiell across adjacent lactation
after first lactation and 31 to 40 days after selcand later lactations (Kuhn et al.,
2006).

Achai is considered to be the finest and oldedlecdtreed of NWFP, essentially a
dairy and light draught breed and has the highesulation (684000 number of
cattle) among the recognized cattle breeds of N\i#&hammad and Shah, 1986;
Livestock Census Report, 2006; Khan et al., 2008a).

The per capita consumption of milk is 68 kg and tmeal4.5 kg per annum in
Pakistan that are far below the recommended lemelifdividual in most of the
advanced countries. The situation is worst in rerttareas of this province where the
per capita milk consumption is only 40 liters panam (Afridi et al., 2009). The
demand for livestock products is expected to ire@est quite higher rates induced by
various factors like population growth, demand darmal based products, increased
per capita income and change in consumption pa{&arif and Farooq, 2004). Total
milk production by various livestock species in NWIEE 3.02 million tones and meat
is 0.36 million tones and cattle contribute 55%tdtal milk and 41% to total meat
produced in NWFP (Sharif and Farooq, 2004). Cattlpulation of district Dir share
for almost 10% of the total cattle population of KW and more than half (55%) of
the cattle population of this region is Achai @ttl Therefore, Achai cattle share for
10% of the total milk and 10 % of the total meatdarced in NWFP and 55% of the
milk and 55% of the meat produced in district D{than, 2004a; Livestock Census
Report, 2006).

Agriculture is the main stay of the people of dtDir and more than 85% of the

population is directly dependent on agriculturee Total cropped area of district Dir
is 85000 hectares, where wheat is cropped on 52Vtreaize on 36% of the cropped
area in a wheat-maize rotation system (Khan, 208diagt al., 2008). Most of the

area is hilly, the agriculture is practiced on thk slopes and in the narrow valley
(District Census Report Dir Lower, 1999). Achailbuhre used for ploughing these
narrow terraces and threshing of harvested cropsh@vhmad and Shah, 1986) as
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heavy draught bulls and crossbred bulls cannobparin these narrow terraces. On
the other hand mechanized agriculture is very low Bmited to plain areas in the

valleys. Continuous use of inorganic fertilizeradanew crop varieties are

deteriorating the physical condition of the soitlaeducing soil fertility of the eroded

marginal land in this part of NWFP that can beaexd through the use of farm yard
manure in proper combination with inorganic ferglis (Ali et al., 2008; Khanum et

al., 2010; Shah et al., 2010). Farm yard manurebkaa considered as the third main
reason for keeping cattle after milk production fmme consumption and offspring

for replacement and sale in this region of NWFP lisflomad, 2004).

Achai cattle is therefore, of paramount importateehe livelihoods of the farming
communities of this region particularly in the rded areas as it provides milk for
subsistence, meat, draught power for agricultwabities, farm yard manure for soil
fertility, and hides for the leather industry ofkixian and need to be conserved and
improved (Mohammad and Shah, 1986; Jadoon, 198W.cbncentrated efforts to
increase milk production through crossbreeding veiotic breeds, indiscriminate
breeding with non-descript bulls and lack of ingtdnal support to conserve and
improve the breed are the major threats to thei@rasf the pure Achai breed that
will result into the loss of an adapted animal deneesource (Khan, 2004b). To
prevent the erosion of indigenous breeds and nadiexi their conservation
(Mwacharo and Rege, 2002; Hassen et al., 2007@ntsic documentation of the
important characteristics of the indigenous breedée crucial pre requisite (FAO,
2007; Kohler-Rollefson et al.,, 2009). No scientifitformation on physical and
morphometric characteristics and performance tfikiésproductive and reproductive
performance of Achai cattle breed is available #ratefore, study to assess these
characteristics is urgently needed. The informations obtained on physical and
morphometric characteristics will provide basis ifdentification of the Achai cattle,
productive performance will help in improving milkield and reproductive
performance will be beneficial in improving the oad reproduction and fertility of
Achai cows. Furthermore, these information couldused as baseline data for the

conservation and development of Achai cattle breed.

The prevailing environmental conditions in the ggfl of the study area are quite
different particularly in terms of availability o#vater and fodder. Vegetation,

cropping and even breeding practices also varyiderably among these valleys.
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The present investigation is thus designed to éatei Achai cattle breed in the three

valleys with the following objectives.
To determine the physical and morphometric charasties of Achai cattle
To study productive traits of Achai cattle undexditional management system

To explore the reproductive performance of Achattleaunder traditional

management system.
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Study area.

District Lower Dir was selected as the study amarésearch on Achai cattle due to
its central location in the home tract of Achaitleaind three valleys namely Talash,
Jandool and Maidan were selected as representativ®ries of the study area (Fig
1). District Dir Lower is situated in north-westepart of North West Frontier
Province (NWFP), Pakistan. It is located from 34°to 35° 07' north latitude and
from 71° 31' to 72° 14' east longitudes. It is @d on the north by Upper Dir
District, on the east by Upper Dir and Swat dissficon the south by Malakand
protected area, and on the west by Bajaur agendyAéghanistan. Total area of the
district is 1583 square kilometer. The topographyhe district is dominated by the
mountains and hills which are part of the rangesitin of southern Hindu Kush. The
mountain ranges run from north to the south with ktighest peaks in the upper
northern part of the district where they reach ntben 3000 meters in height. In the
central part, the height varies between 1800 ar@D 2f@eters. In the south, at the
junction of Panjkora River and Swat River, the héghows a rapid decrease where it
is around 600 meters. The ranges have been cutiljikd?a River and its tributaries.
It is these narrow valleys that most of the pedpie and practice agriculture. Main
valleys are Talash, Jandool and Maidan. The clincae be described as mild
temperate with cold winter season where temperaarerally falls below freezing
point in December, January and February (temperamanges from —-2.39°C
t011.2°C). Summer season is mild hot and June allydade hot months. Maximum
and minimum temperature recorded during summer 2$528C and 15.67°C
respectively. Average annual rainfall varies fro80mm to 1000mm. The north is
generally cooler and receives more rainfall (averagnual rainfall is about 1000mm)
whereas; the south is hotter and receives annudhiiaof 600mm on the average.
Average rainfall is more in winter season than semrMiaximum rainfall has been
recorded in March (242 mm) and minimum in Novem{admm). Relative humidity
is quite high throughout the year and maximum vabas recorded during the month
of January (70%) and minimum during June (42@lltivatable area of District
Lower Dir is 44432 hectares whereas forest arédl 482 hectares (District Census
Report, Lower Dir, 1999).
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Boundaries:
NWFP

Lower Dir

mm = Talash

® Jandool
§ Maidan

Figure 1. Map of the study area showing Talashddahand Maidan valleys of

District Lower Dir, NWFP, Pakistan.
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I dentification of Achai cattle breed.

Farmers who rear Achai cattle since long and art sweare of the breed were
identified through the officials of the Departmentf Livestock and Dairy
Development District Lower Dir. Meetings with thetemers were conducted for
identification of Achai cattle breed. Physical chaeristics of Achai cattle known in
the farmer's communities were reddish brown co#brceither solid or spotted, red
eyelashes, red or white tail switch and small bsidg which differentiate Achai from
other cattle breeds in Pakistan. Based on thesgqahycharacteristics, a total of 495
Achai cattle from 378 farm families were randomdyested from Talash, Jandool and
Maidan valley of District Lower Dir, NWFP for thetusly of physical and
morphometric characteristics and productive andoayctive performance.

Out of these 495 Achai cattle, 108 adult Achai cand 108 adult Achai bulls were
investigated for physical and morphometric charsties. In addition to physical and
morphometric characteristics, these 108 Achai cowre also used to obtained data
on productive performance (Standard 305-day mikddyi Data on reproductive
performance of 279 Achai cows was collected fron® 2arm families on a pre-
designed questionnaire (Annexure-1). The reprodeigerformance include pubertal
age (n= 97), postpartum anoestrus interval (n=1édnception efficiency based on
the percentage of cows conceived after availing,fsecond, third, fourth and more
than fourth (fifth and sixth) natural services (€2, calving interval (n=279) and dry
period (n=174).

Data collection on physical and morphometric characteristics.

Data on physical and morphometric characteristicbath Achai cows and Achai
bulls was collected as per standard procedure @ F¥986). The selection of Achai
cows and Achai bulls and the description of physieead morphometric

characteristics are as follows.

Achai cows.

A total of 108 adult Achai cows were randomly stddcfor data collection on
physical and morphometric characteristics with 3éh#& cows each from Talash,
Jandool and Maidan valley. These selected cows wetintained with their owners
and were also used for data collection on prodacperformance (305-day milk

yield). Selected lactating cows were stall-fed affbred water two times daily.
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Feeding components include wheat straw, wheat baadswveed thinning in spring,
wheat straw, wheat brans and tree leaves in sumwheat straw, wheat brans, maize
stover and weed thinning in autumn and wheat stveveat brans, maize stover and
hay in winter season. Calves were fed two quadétse udder during first month,
one quarter during second and half quarter durimigl tmonth of life. After third
month, calf is only allowed to suckle the dam foilkmiet down. Calves are
maintained in the vicinity of cows. Routine vacdioa and deworming is not

practiced. However, sick animals are treated ol hasis.

Achai bulls.

A total of 108 adult Achai bulls (castrated anaaitbulls were taken together for
study just to score them for morphometric charasties that for what morphometric
characteristics males and females diffiegye also randomly selected with 36 each

from Talash, Jandool and Maidan valley.

Physical characteristics.

Physical characteristics recorded for both Achavsand Achai bulls were color of
the coat, eyelashes, horn, hoof, muzzle and taitkwPhysical characteristics of both
Achai cows and Achai bulls were studied accordmghte valleys (Talash, Jandool,
Maidan). Sex differences in the prevalence of ptatstharacteristics in these three

valleys were also investigated.

Morphometric characteristics.

The following morphometric measurements (Fig 2)evaken using measuring tap
with animals standing on flat surface in normal ip@s. In case of cows,
measurements were taken within two to three momatftesr parturition. In bulls
measurements were taken in off-season when they matrused for plough to avoid
stress condition. All the measurements were takeworte person (author) to avoid

between-individual variations.

1. Heart girth (body circumference immediately past to the front leg), body
length (horizontal distance from the point of slusulto the end of the pin
bones), height at wither (the distance from theugdoto the highest point of
the withers) and height at hipbone (the distanaemfground to the hip bone).
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2. Head region: Measurements taken were face Igigghdistance from poll to
upper edge of the muzzle), ear length (distancm tip of the ear to the base
of the ear) and ear width (the distance betweenwioesides of the ear at its
middle).

3. Horns: The length of horn was taken as the mitstdrom the tip of the horn to
the base of the horn both along the greater andlesnw@rvatures and the
circumference of the horn was measured at baseyegidn and just below
the tip.

4, Neck and dewlap: Measurements taken were lenigthe neck (taken from
withers to poll), circumference of the neck (takanthe mid point of neck
length while pressing the dewlap to one side ofnidaek), length of the dewlap
(from intermandibular region to the brisket or behthe brisket) and width of

the dewlap (widest part of the hanging portion)

5. Hump: Height of the hump (from base to apex) amdumference of the
hump (measured at the central point from base &x)apere measured in
Achai bulls only because in Achai cows the hump weas/ small and no

measurements were taken.

6. Back and rump: Measurements of the back regéen were chine length
(length from withers to last rib) and loin lengtler(gth from last rib to hip
bone). The rump length was taken as the length fudmer coxae to tuber
ischii and the rump width was measured as the riistdbetween the lateral

surfaces of the left and right tuber coxae.

7. Legs: Length of the leg below knee joint anadwinference of the hoof were
measured.
8. Tail and switch of the tail: Length of the taias measured as the length from

the tail head to the end of the tail and lengtkhefswitch of the tail was taken

as the length of the tuft of the hair only.
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Fig 2: Labeled diagram showing various body paftsattle (cow/bull) measured for this study

(a) (1) heart girth (2) body length (3) heightwathers (4) height at hip bone (5) face length r{éck
length (7) neck circumference (8) chine lengthl¢®) length (10) rump length (11) length of therfto
leg below knee joint (12) circumference of hoof)(1al length (14) switch length. (b) (15) horn ¢gh
along the greater curvature (16) horn length akblegsmaller curvature (17) circumference of thenhor
at the base (18) circumference of the horn at ewibin (19) circumference of the horn just below the
tip (c) (20) rump width (21) ear length (22) eadthi (d) (23) dewlap length (24) dewlap width (€32
hump height (26) hump circumference.

Source (Fig. 2 a): www.utextension.utk.edu/4h/mtgkactivities/Dairy-W059.pdf
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Data collection on productive perfor mance.

Productive performance studied were standard 3@5¥dik yield of Achai cows and
birth weight of both male and female calves.

Standard 305-day milk yield.

Achai cows selected for physical and morphometnaracteristics as described above
were also used for obtaining information on 305-dalk yield. The selected Achai
cows from Talash (n=36), Jandool (n=36), and Maidaltey (n=36) were grouped
according to parity (first, second and third) aralving season (spring, summer,
autumn and winter) to study the effect of thesdofgcon 305-day milk yield. Milk
recording was carried out according to Internati@@mmittee for Animal Recording
(ICAR, 2004) A 4/2 method in which milk is recordatdmorning and evening on the
same day at an interval of 4 weeks. Milk was reedrfifom parturition till 300 day of
lactation with first record within first two weelks parturition. To obtain a standard
305-day milk yield, the method used by Khan (198i) Bajwa et al. (2004) for
projecting lactation records by estimating milk Igidor the unknown part of the
lactation from last test day milk yield was usetieTformula for 305-day milk yield
estimation thus used was: Lactation milk yield own milk yield + estimated milk
yield. Lactation milk yield is the estimated 305ydailk yield, known milk yield is
the milk yield recorded for the known lactation ipdrand estimated milk yield is
milk yield estimated for the unknown part of lacatlength. The estimation of milk
yield for the unknown part of lactation length ieng@ from the information (milk
yield) at the last recording i.e. the last test dag the equation developed for this

purpose is given below.

Ya0s = Yi+ [+ B X ;] (305-DIM).

Y305 = Predicted 305-day lactation milk yield.

Y « = Known milk yield or milk yield available to-datep to the last test day).
a = Intercept for any lactation stage.

B = Regression coefficient for any lactation stage.

X i = Milk yield (liters) on last test day.

DIM = days in milk.
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Birth weight of male and female calves.

Calves (male and female) born to cows selectegrmductive performance (Standard
305-day milk yield) were weighed within 24 hourshafth with a portable balance.
Birth weight of both male and female calves wasoréed according to valley
(Talash, Jandool, Maidan), parity (first, secordrd) and calving season (spring,

summer, autumn, winter).

Data collection on reproductive perfor mance.

Data on reproductive performance of 279 Achai covas obtained from a total of
270 farm families randomly selected from Talasmdd®l and Maidan valleys on a
pre-designed questionnaire (Annexure 1). Reprodeigierformance of Achai cows
included pubertal age, postpartum anoestrus irteceaception efficiency based on
the percentage of cows conceived after availirgf,fsecond, third, fourth and more

than fourth (fifth and sixth) natural servicesviad) interval and dry period.

Pubertal age.

Pubertal age of Achai cow was taken as the agesatbiehavioral estrus based on
bellowing, vaginal mucus discharge and decreasmiilk productionand data on
pubertal age of 97 Achai cows (Talash, n=21; Jahdoo 50; Maidan, n=26) was
obtained.

Postpartum anoestrusinterval.

It was considered as the interval from calving itstfobserved estrus. Postpartum
anoestrus interval was studied according to va({leglash, n=48; Jandool, n=65;
Maidan, n=48). The data was also grouped accorttingarity (first, second, third,

fourth) and calving season (spring, summer, autumnter) in Talash, Jandool and
Maidan valley to study the effect of parity andasen on postpartum anoestrus

interval in these valleys.

Conception efficiency.

Conception efficiency of Achai cows was calculasedthe number of Achai cows
conceived to any number of service (first, secahitid, fourth and more than fourth)
divided by total number of cows provided with nalwservice x 100 (Chaudhry et al.,

1989; Fetrow at al., 1990) and was expressed ag¢heentage of Achai cows
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conceived after availing first, second, third, fibuand more than fourth (fifth and
sixth) natural services. Data for 276 Achai cowsl@§Eh, n= 69; Jandool, n=112;

Maidan, n= 95) was obtained for the study of tejgroductive performance.

Calving interval.

The calving interval was taken as the interval leevthe last two successive calving
and data on calving interval of 279 Achai cows wasained for this study. The
calving interval was studied according to valleyalésh, n= 80; Jandool, n=107,
Maidan, n=92). The data was also grouped accorttingarity (first, second, third,
fourth) and calving season (spring, summer, autumnter) in Talash, Jandool and
Maidan valley to study the effect of parity andsen on calving interval in these

three valleys.

Dry period.

The dry period was taken as the nonlactating pdsetdveen the last two successive
calving. Data on dry period of 174 Achai cows wallected for this investigation.
The dry period was studied according to valley &$hl n=49; Jandool, n=72;
Maidan, n=53). The data on dry period was also geduaccording to parity (first,
second, third, fourth) and calving season (spraognmer, autumn, winter) in Talash,
Jandool and Maidan valley to study the effect arfity and season on dry period in

these three valleys.

Statistical analysis.

Mean, standard error, Student’s t-test, Chai-sqtese Analysis of variance and
regression analysis of variance were calculated viarous comparisons using
GraphPad Prism-5 (GraphPad Software, San Diego, CA)
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This study was conducted on Achai cows and Achdlsbo Talash, Jandool and
Maidan valleys of District Lower Dir, NWFP, PakistaPhysical characteristic
observed on both Achai cows and Achai bulls weréorcof the coat, horns,

eyelashes, muzzle, hooves and tail switch. Morphiocnmeasurements carried out
on Achai cows and Achai bulls were heart girth,\olehgth, height at withers, height
at hip bone, head region (face length, ear lengthveidth), neck (circumference and
length) and dewlap (length and width), hump (heightl circumference in bulls
only), back region (loin length, chine length, andp length and width), leg (length
below knee and hoof circumference) and length ef tdil and switch. Productive
performance recorded was standard 305-day milklyaélcows and birth weight of

male and female calves. Reproductive performancehefAchai cows included

pubertal age, postpartum anoestrus interval, cdiorepefficiency based on the
percentage of cows conceived after availing fgstond, third, fourth and more than

fourth (fifth and sixth) natural services, calvimgerval and dry period.

Physical characteristics of Achai cowsand bulls.

The physical characteristics observed were colorthef coat, horns, eyelashes,

muzzle, hoof and tail switch.

Coat.

The coat color of both Achai cows and bulls wasligd brown either solid or spotted
(Fig. 3 a, b; Fig. 4 a, b). Among Achai bulls, somere slightly darker at neck,
shoulders, and hindquarters (Fig. 5 a, b).

Cow.

The distribution of coat color of Achai cows in @ah, Jandool and Maidan valleys is
shown in Table 1. The study of coat color of Aclkaiwvs in these three valleys
indicated that the highest percentage of Achai c(8486) was with spotted reddish
brown coat color in Maidan valley. The lowest petege (36%) of Achai cows with
solid reddish brown coat color was also noted iniddia valley. There was no
significant 2 = 0.53, df = 2, P=0.76) difference in the disttibn of spotted reddish

brown and solid reddish brown coat color of cow®agthese three valleys.
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Bull.

The percentage of bulls with different coat coloifalash, Jandool and Maidan valley
is given in Table 1. The highest percentage (72)2@foulls were found to have
spotted reddish brown coat color in Talash valleg tne lowest percentage (27.78%)
of bulls with solid reddish brown coat color also Talash valley. In some Achai
bulls, darkening of the coat color can also be d$rént is restricted to neck, shoulder
and hindquarters. Bulls have no significant differe (°=1.75, df = 2, P=0.42) in the
distribution of spotted reddish brown and soliddisd brown coat color among

Talash, Jandool and Maidan valleys.

Sex differencesin color pattern of the coat.

Cows and bulls have no significant difference ie firevalence of spotted reddish
brown * =0.71; df =2, P=0.70) and solid reddish browh$1.282, df = 2, P=0.53)

coat color in these three valleys.

Table 1: Coat color of Achai cows and Achai bulls in Talash, Jandool and
Maidan valleys of District Lower Dir, NWFP.

Valleys
Talash Jandool Maidan
Achai cattle Coat color No % No. % No. %

Achai cows Solid reddish brown 15 41.66 16 4400 3 136.00

Spotted reddish brown21  58.33 20 56.00 23  64.00

Achai bulls Solid reddish brown 10 27.78 11 30.5615 41.67

Spotted reddish brown26  72.22 25 69.44 21 58.33
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Fig. 3: Coat color of Achai cow (a) solid reddigiown (b) spotted reddish brown.
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Fig. 4: Coat color of Achai bull (a) solid reddistown (b) spotted reddish brown.
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Fig. 5: Achai bull with (a) darker neck and shouldsgion (b) darker neck, shoulder
and hind quarter.
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Horns.

In Achai cows and bulls, three different colordloé horns observed were light brown
at base, grayish in the middle and black in thesujpart of the horn upto the tip, light
brown at base with blackish tinge in the upper parthe horn; and light brown. In
addition to these three colors, black color horesenalso recorded in bulls (Fig. 6 a,
b, c, d).

Cows.

The percentage of cows with different colors of tiens in Talash, Jandool and
Maidan is shown in Table 2. The highest percen{&ge/8%) of cows have horns of
light brown color at base, grayish in the middle &hack in the upper part of the horn
upto the tip in Jandool and the lowest percentd2ge22%) of cows have light brown
color horns at base with blackish tinge in the ugaet of the horn in Jandool valley.
There was no significant differencg®£3.69, df =4, P= 0.45) in the prevalence of
these three colors of the horns of cows (light braeslor at base with grayish in the
middle and black in the upper part of the horn upmtip, light brown at base with

blackish tinge in the upper part of the horn, lighdwn) among these three valleys.

Bulls.

The percentage of bulls with different colors oé thorns in Talash, Jandool and
Maidan valley is given in Table 2. The highest petage (58.33%) of bulls have
horns of light brown color at base with blackisige in the upper part of the horn in
Talash and the lowest percentage (2.78%) of baN® Iblack color horns in Jandool.
Significant difference ¥°=12.63, df=6, P=0.04) was observed in the occugenfc

these four colors of horns of bulls (light brownbaise with grayish in the middle and
black in the upper part of the horn upto the ftightl brown at base with blackish tinge

in the upper part of the horn, light brown, andcklaamong these three valleys.

Sex differencesin color pattern of horns.

Sex of the Achai cattle has no significant effexttbe distribution of the colors of
horns like light brown at base with grayish in thaldle and black in the upper part
of the horn upto the tipx{= 2.22, df =2; P=0.33), light brown at base withdkish
tinge in the upper part of the horg®€ 0.25, df =2, P=0.88) and light brownx?¢
2.17, df =2; P=0.34) in these three valleys.
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Fig. 6: Colors of the horns of Achai cattle (a)hligorownish at base with grayish in
the middle and black in the upper part of the hapto the tip (b) light brown at the
base with blackish tinge in the upper part of theni(c) light brown (d) black.
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Eyelashes.

Three different colors of eyelashes like reddislowsr, black; and white were
observed in both Achai cows and bulls (Fig 7 &)b,

Cows.

The percentage of Achai cows with different colofsyelashes in Talash, Jandool
and Maidan valley is shown in Table 3. The highgstcentage (88.89%) of Achai

cows was observed with reddish brown color eyelmsheMaidan valley and the

lowest percentage (2.78%) with white color bothTalash and Maidan valley. In

Jandool valley no cow with white color eyelashes wated. Distribution of reddish

brown, black, and white color of eyelashes has igoificant (x> = 6.56, df = 4,

P=0.16) difference among these three valleys.

Bulls.

The distribution of color of eyelashes in Achailbual Talash, Jandool and Maidan
valley is given in Table 3. The highest percent§8&.33%) of Achai bulls was
recorded with reddish brown color eyelashes in dahdialley and the lowest
percentage (2.78%) of bulls with white color eybks in Maidan valley. The
prevalence of reddish brown, black, and white cel@lashes has no significagt €
2.05, df =4, P=0.73) difference among these thedieys.

Sex differencesin color pattern of eyelashes.

Sex differences for reddish browg?(=0.71, df =2, P=0.69), black{ =4.59, df =2,
P=0.10) and whitex¢ = 1.28, df =2, P=0.53) color eyelashes were sizdity not-

significant in these three valleys.
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Fig. 7: Colors of the eyelashes of Achai cattleréaldish brown (b) black (c) white
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Table 3. Colors of the eyelashes of Achai cows and Achai bulls in Talash,
Jandool and Maidan valleys of District Lower Dir, NWFP.

Valleys
Talash Jandool Maidan
Achai cattle Colors of eyelashes No. % No. % . No%
Achai cows Reddish brown 26 7222 25 69.44 32 88.89
Black 9 25.00 11  30.56 3 8.33
White 1 2.78 - - 1 2.78
Achai bulls  Reddish brown 26 72.22 30 83.33 28 T7.7
Black 8 22.22 4 1111 7 19.44
White 2 5.56 2 5.56 1 2.78
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Muzzle.

The colors of muzzle observed in Achai cows anda\tlulls were light brown, light
brow with black pigments and black (Fig 8 a, b, c).

Cows.

The percentage of cows with different colors of thezzle in Talash, Jandool and
Maidan valleys is shown in Table 4. The highesteetage (58.33%) of Achai cows
was observed with light brown color muzzle withdigigments in Jandool valley
and lowest percentage (5.56%) of cows with bladkrcmuzzle in Maidan valley.
The distribution of light brown, light brown withldck pigments and black color of
muzzle has no significank{ =5.35, df = 4, P=0.25) difference among theseethre

valleys.

Bulls.

Distribution of colors of muzzle in Achai bulls falash, Jandool and Maidan valleys
is presented in Table 4. The highest percentagb§%@ of bulls has light brown
color muzzle with black pigments in both Jandod &maidan valleys and the lowest
percentage (8.33%) of bulls has light brown colarzete in Maidan valley. There
was no significant)® =6.19, df = 4, P=0.18) difference in the occureent light
brown, light brown with black pigments and blackoroof muzzle in bulls among

these three valleys.

Sex differencesin color pattern of muzzle.

Sex differences for light browrxt =3.55, df = 2, P=0.17), light brown with black
pigments x? =0.06, df =2, P=0.97) and black?(=3.11, df =2, P=0.22) color of

muzzle was statistically non significant in thelsese valleys.
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Fig. 8: Colors of the muzzle of Achai cattle (ghii brown (b) light brown with black
pigments (c) black
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Table 4: Colors of the muzzle of Achai cows and bulls in Talash, Jandool and
Maidan valleys of District Lower Dir, NWFP.

Valleys
Talash Jandool Maidan

Achai cattle  Colors of the muzzle  No. % No. % No. %
Achai cows Light brown 15 41.67 10 27.28 14  38.89

Light brown with 14  38.89 21 58.33 20 55.55

black pigments

Black 7 1944 5 13.89 2 5.56
Achai bulls  Light brown 8 2222 9 25.00 3 .33

Light brown with 15 41.67 20 55.56 20 55.56

black pigments

Black 13 36.11 7 19.44 13 36.11
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H oof.

Three different colors; light brown, black and ligirown with black striation were
recorded in both Achai cows and Achai bulls (Fig, ®, c).

Cows.

The distribution of colors of hoof of Achai cows ralash, Jandool and Maidan
valley is given in Table 5. The highest percenté6@.89%) of Achai cows was
observed with light brown color hoof in Maidan eslland lowest percentage (8.33%)
of cows was observed having light brown color haith black striations in Talash
valley. There was no significantx{ =2.76, df =4, P=0.59) difference in the
distribution of light brown, black, and light browsith black striation color of hoof
among Talash, Jandool and Maidan valley.

Bulls.

The distribution of hoof color of Achai bulls in [Bah, Jandool and Maidan valley is
presented in Table 5. The highest percentage (%9.88 Achai bulls was recorded
with black color hoof in Talash valley and lowestgentage (11.11%) of bulls having
light brown color hoof with black striations also Talash valley. No significangf =

5.19, df = 4, P=0.27) difference was observed egtevalence of light brown, black

and light brown with black striation color of haafbulls among these three valleys.

Sex differencesin color pattern of hooves.

Sex of the Achai cattle has no significant effeattie prevalence of light browy¥
=3.08, df =2, P=0.21), black{ =1.28, df =2, P=0.53) and light brown with black
striations §* = 0.97, df =2, P=0.61) color of hoof in these éhvalleys.
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Fig. 9: Colors of the hooves of Achai cattle (ghti brown (b) black (c) light brown
with black striations.
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Table 5: Colors of the hoof of Achai cows and bulls in Talash, Jandool and
Maidan valleys of District Lower Dir, NWFP.

Valleys
Talash Jaridoo Maidan
Achai cattle  Colors of the hoof No. % No. % No. %
Achai cows Light brown 21 58.33 17 47.22 23 63.89
Black 12 33.33 13 36.11 9 25.00
Lig.ht. brown with black 3 8.33 6 16.67 4 11.11
striation
Achai bulls  Light brown 11 30.55 15 41.67 8 22.22
Black 21 58.33 15 41.67 19 52.78

Light brown with black 4 11.11 6 16.67 9 25.00
striation
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Tail switch.

The colors of tail switch recorded in both Achaivsoand Achai bulls were reddish
brown, white and black (Fig 10 a, b, ¢). Tail s\wits smooth and symmetrical in both
Achai cows and bulls and hangs at hock joint opwehock joint and in some cases

even touch the ground.

Cows.

The distribution of the colors of the tail switchAchai cows in Talash, Jandool and
Maidan valley is shown in Table 6. The highest petage (61.11%) of Achai cows
was recorded with reddish brown color tail switah Jandool and the lowest
percentage of cows (2.78%) with black color tailitsiw in Maidan valley.

Distribution of the reddish brown, white; and blamkor of tail switch of cows has no

significant % =7.11, df =4, P=0.13) difference among these tkisdleys.

Bulls.

The colors of tail switch of Achai bulls in Talashandool and Maidan valley is
shown in Table 6. The highest percentage (50%uth lvas observed with white tail
switch color in Jandool valley and the lowest petage (13.89%) of bulls with black
tail switch color also in Jandool valley. The prievee of reddish brown, white; and
black color of tail switch in bulls has no signditt * = 2.26, df = 4, P=0.69)

difference among Talash, Jandool and Maidan valley.

Sex differencesin color pattern of tail switch.

There was no significant difference in the prevegenf reddish brownxf = 0.16, df
= 2, P=0.92), whitex¢ = 0.28, df = 2, P=0.87) and blac’(= 2.95, df =2, P= 0.23)

color of tail switch between cows and bulls in théwree valleys.
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Fig 10: Colors of the switch of Achai cattle (agldesh brown (b) white (c) black
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Results

Table 6: Colors of the tail switch of Achai cows and Achai bulls in Talash,
Jandool and Maidan valleys of District Lower Dir, NWFP.

Valleys

Talash Jandool Maidan

Achai cattle  Colors of the switch  No. % No. % No. %
Achai cows  Reddish brown 17 47.22 22 6111 258.33
White 12 33.33 12 33.33 1438.89
Black 7 19.44 2 5.56 1278
Achai bulls Reddish brown 11 30.55 13 36.11 130.56
White 15 41.67 18 50.00 1644.44
Black 10 27.78 5 13.89 925.00
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Morphometric characteristics of Achai cows and Achai bulls.

Morphometric characteristics of both Achai cows aichai bulls were studied
according to valleys (Talash, Jandool, Maidan). Tiwerall mean of each
morphometric characteristic both for Achai cows awhai bulls mentioned in the
results are based on the combined data of all tineetvalleys. Similarly sex
differences (difference between Achai cow and Adhal) for each morphometric
characteristic described in the results also baseithe combined data of all the three

valleys.

1. Heart girth, body length, height at withersand height at hipbone.
Achai cows.

The overall mean heart girth, body length, heighwighers and height at hipbone of
Achai cow was 134.33.60 cm, 112.260.77 cm, 101.860.42 cm and 100.29.30

cm respectively (Table 7).

Mean heart girth, body length, height at witherd aright at hipbone of Achai cows
in Talash, Jandool and Maidan valley is given irbl€a7. One-way analysis of
variance (Table 8) revealed no significant diffe@mn mean heart girth (& 105 =
0.22; P=0.80), body length (f 105)= 0.04; P=0.96), height at withers §F0s5y= 0.30;
P=0.74) and height at hipbone &F105)= 0.22; P=0.81) of Achai cows among these

three valleys.

Achai bulls.

The overall mean heart girth, body length, heigiwithers and height at hipbone was
140.5&1.12 cm, 116.261.02 cm, 107.620.68 cm and 106.3®.42 cm respectively
(Table 7).

Mean heart girth, body length, height at witherd apight at hipbone of Achai bulls
in Talash, Jandool and Maidan valley is given irbl€a7. One-way analysis of
variance (Table 9) showed no significant differemeemean heart girth (b, 10s)
=1.46; P=0.24), body length (f 105)= 1.65; P=0.19) and height at hipbongx(kos)=
1.57; P=0.21) of Achai bulls among these threeeyall However, significant (i, 105)

= 6.07; P=0.003) difference was observed in meaghhat withers of Achai bulls in
these three valleys. Achai bulls in Talaspdt= 3.45; P<0.001; Table 7) and Jandool

Achai cattle breed, its productive and reproductive performance under traditional management system in District Lower Dir, NWFP, Pakistan

45



Results

valley (t 70y = 2.20; P=0.03; Table 7) were significantly tal&rwithers than Achai
bulls in Maidan valley. The difference in heightvathers of Achai bulls in Talash

and Jandool valley was statistically not signifitcéingo = 1.24; P=0.22).

Sex differencesin heart girth, body length, height at withersand at hipbone.

The combined data of all the three valleys (Tableervealed significantly higher
values of heart girth (t14)=4.82; P<0.001), body length{1s)=3.12; P<0.01), height
at withers (tp14) =7.37; P<0.001) and height at hipbong{#) =10.33; P<0.001) of

Achai bulls as compared to Achai cows.
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- Reslts

Table 8. One-way analysis of variance showing differences in mean values of
heart girth, body length, height at withers and height at hipbone of Achai cows
among Talash, Jandool and Maidan valleys of District L ower Dir, NWFP.

Variables Source of variation df SS MS F
Heart girth Between valleys 2 1927 9.26 0.22 0.80
Within valleys 105 4551.00 43.35
Total 107 4571.00
Body length Between valleys 2 548 274 0.04 0.96
Within valleys 105 7001.00 66.67
Total 107 7006.00
Height at wither Between valleys 2 1135 568 030 0.74
Within valleys 105 1968.00 18.75
Total 107 1980.00
Height at hip Between valleys 2 555 277 0.22 0.81
Within valleys 105 1346.00 12.82
Total 107 1351.00
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Table 9: One-way analysis of variance showing differences in mean values of
heart girth, body length, height at withers and height at hipbone of Achai bulls
among Talash, Jandool and Maidan valleys of District L ower Dir, NWFP.

Variables Source of variation df SS MS F P
Heart girth Between valleys 2 3915 1957 1.46 0.24
Within valleys 105 14080.0 134.1
Total 107 14480.0
Body length Between valleys 2 364.1 182.0 1.65 0.19
Within valleys 105 11580.0 110.3
Total 107 11950.0
Height at wither Between valleys 2 5520 276.00 6.07 0.003
Within valleys 105 4775.0 45.48
Total 107 5327.0
Height at hipbone  Between valleys 2 60.7 3037 157 0.21
Within valleys 105 2026.0 19.30
Total 107 2087.0
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Theratio of heart girth to height at withers (HG: HW), body length to height at
withers (BL: HW) and rump width to height at withers (RW: HW).

Achai cows.

The overall mean ratio of heart girth to heightwathers, body length to height at
withers and rump width to height at withers of comess 1.320.004, 1.1€0.01 and

0.290.002 respectively (Table 10). The mean ratio @frhgirth to height at withers,
body length to height at withers and rump widtihéight at withers of cow in Talash,
Jandool and Maidan valley is shown in Table 10.-@ag analysis of variance (Table
11) revealed no significant difference in the ratfdheart girth to height at withers (F
@.105) =0.48; P=0.62), body length to height at withefsx(105) =0.02; P=0.98) and
rump width to height at withers (k105)=0.42; P=0.66) among these three valleys.

Achai bulls.

The overall mean ratio of heart girth to heightwatihers, body length to height at
withers and rump width to height at withers of bulas 1.310.01, 1.0&0.01 and
0.26t0.002 respectively (Table 10). The mean ratio @frhgirth to height at withers,
body length to height at withers and rump widthhtaght at withers of bull in the
three valleys is given in Table 10. One-way analydivariance (Table 12) revealed
significant (F, 105)= 4.18; P=0.01) difference in the ratio of hearthgto height at
withers of bulls among these three valleys. BullsTalash have significantly lower
ratio of heart girth to height at withers than bulh Jandool (tz0) =2.34; P=0.02;
Table 10) and Maidan valleyt) =2.34; P=0.02; Table10). No significant (Table 12)
difference in the ratio of body length to heightathers (Fp, 105)=0.45; P=0.64) and
rump width to height at withers (& 10570.03; P=0.97) was found among the three

valleys.

Sex differences in the ratio of heart girth to height at withers, body length to
height at withersand rump width to height at withers.

Combined data of all the three valleys revealedignoificant difference (b14)=1.77;
P=0.07) in the ratio of heart girth to height atthers between cows and bulls.
However, cows have significantly higher ratio ofdigdength to height at withers (t
214)=2.37: P=0.01) and rump width to height at withirs:4) =13.14; P<0.001) than
bulls.
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Results

Table 11. One-way analysis of variance showing differencesin theratio of heart
girth to height at wither (HG:HW), body length to height at wither (BL:HW)
and rump width to height at withers (RW: HW) of Achai cows among Talash,
Jandool and Maidan valleys of District Lower Dir, NWFP.

Variables Source of variation df SS MS F P
HG:HW Between valleys 2 0.002 0.001 0.48 0.62
Within valleys 105 0.235 0.002
Total 107 0.238
BL:HW Between valleys 2 0.0002 0.0001 0.02 0.98
Within valleys 105 0.5460 0.0052
Total 107 0.5462
RW: HW Between valleys 2 0.0004 0.0002 0.42 0.66
Within valleys 105 0.0491 0.0005
Total 107 0.0500

Table 12: One-way analysis of variance showing differencesin theratio of heart
girth to height at wither (HG:HW) and body length to height at wither (BL:HW)
of Achai bullsamong Talash, Jandool and Maidan valleys of District Lower Dir,
NWFP.

Variables Source of variation df SS MS F P
HG:HW Between valleys 2 0.0378 0.0189 4.18 0.01
Within valleys 105 0.4748 0.0045
Total 107 0.5126
BL:HW Between valleys 2 0.004 0.002 0.45 0.64
Within valleys 105 0.472 0.004
Total 107 0.475
RW: HW Between valleys 2 0.00003 0.00002 0.03 0.97
Within valleys 105 0.06898 0.0007
Total 107 0.06901
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2. Head region.

Measurements taken were face length, ear lengtieandidth.

Achai cows.

The overall mean face length of Achai cows was 29027 cm whereas the overall
mean ear length and ear width was 1#®921 cm and 11.59.15 cm respectively
(Table 13).

The mean face length, ear length and ear widthabfaAcows in Talash, Jandool and
Maidan valley is presented in Table 13. One-waylysima of variance (Table 14)
showed no significant difference in mean face ler{t,, 105)= 2.41; P=0.09) and ear
width (F ¢, 10sy= 1.11; P=0.33) of Achai cows among these thrdleysa However,
significant (F(, 105y= 3.87; P=0.02) difference was noted in mean &agth of Achai
cows among these three valleys. Cows in Jandol@ywhhve significantly longer ears
than cows in Talash valley () =2.56; P=0.01; Table 13) and Maidan valleyf
=2.29; P=0.02; Table 13). The difference in eagtkrof cows between Talash and
Maidan valley was statistically not significan{Aj =0.63; P=0.53)

Achai bulls.

The overall mean face length of Achai bull was 3t®25 cm whereas the overall

mean ear length was 160115 cm and ear width was 10011 cm (Table 13).

Mean face length; ear length and ear width of Admai in Talash, Jandool and
Maidan valley is given in Table 13. One-way anays variance showed significant
difference in mean face length @05= 10.42; P=0.0001; Table 15), ear lengthy(F
105) = 5.79; P=0.004; Table 15) and ear widthy(kos)= 7.88; P=0.0006; Table 15) of
Achai bulls among these three valleys. Bulls inaghl valley have significantly
longer face than bulls in Jandool valley =2.03; P=0.04; Table 13) and Maidan
valley (t(70) =4.63; P<0.001; Table 13). Bulls in Jandool vabé¢so have significantly
(t 70) =2.46; P=0.02; Table 13) longer face than bullMaidan valley. Significantly
(t 700 =3.31; P=0.001; Table 13) longer ears were obsenvédulls in Talash valley
compared to bulls in Maidan valley. However, eargté of bulls in Jandool valley
did not differ significantly from bulls in Talashalley (t o) =1.61; P=0.11) and
Maidan valley (7o) =1.89; P=0.62). Bulls in Maidan valley have sigrahtly narrow
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ears than bulls in Talash valley =3.49; P=0.0008; Table 13) and Jandool valley (t
70) =3.53; P=0.0007; Table 13). The difference inwemth of bulls in Talash valley
and Jandool valley was statistically not signifitcéig,o) =0.005; P=0.99).

Sex differencesin face length, ear length and ear width.

Combined data of all the three valleys revealedoa-significant (t14 = 1.83;
P>0.05) difference in mean face length between Acbas and bulls. However,
Achai cows have significantly longer is) = 7.4; P<0.001; Table 13) and wider ears
(t 214)= 4.70; P< 0.001; Table 13) than bulls.
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Results

Table 14: One-way analysis of variance showing differences in mean face length,
ear length and ear width of Achai cows among Talash, Jandool and Maidan

valleys of District Lower Dir, NWFP.

Variables Source of variation df SS MS F P
Face length Between valleys 236.24 18.12 241 0.09
Within valleys 105 1968 18.75
Total 107 1980
Ear length Between valleys 2 33.86 19.93 3.87 0.02
Within valleys 105 459.8 4.38
Total 107 493.7
Ear width Between valleys 2 5.255 2.63 1.11 0.33
Within valleys 105 247.6 2.36
Total 107 252.8

Table 15: One-way analysis of variance showing differencesin mean face length,
ear length and width of Achai bulls among Talash, Jandool and Maidan valleys

of District Lower Dir, NWFP.

Variables Source of variation df SS MS F P
Face length Between valleys 21234 61.68 10.42 0.0001
Within valleys 105 621.7 5.92
Total 107 745.1
Ear length Between valleys 2 254 1270 5.79 0.004
Within valleys 105 230.1 2.19
Total 107 2555
Ear width Between valleys 2 199 9.98 7.88 0.0006
Within valleys 105 1329 1.26
Total 107 152.8
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3. Horns.

The measurements of horn taken were length aloagrater curvature and smaller
curvature and circumference at the base, mid regmahjust below the tip in both

Achai cows and bulls.

Achai cows.

The overall mean length of the horn along the greahd smaller curvature was
17.37#0.42 cm and 12.%0D.34 cm respectively. The overall mean circumfeeeot
the horn at base was 11#8615 cm, at mid region was 98&619 cm and just below
the tip was 5.220.14 cm (Table 16).

The mean length of the horn along the greater tureand smaller curvature and the
mean circumference of the horn at base, mid regrm@hjust below the tip in Talash,
Jandool and Maidan valley is given Table 16. Ong-amalysis of variance (Table
17) showed no significant difference in mean lengththe horn along the greater
curvature (Rgz, 105)=0.69; P=0.50), mean length along the smallerature (Fp, 10s)
=0.75; P=0.47), circumference of the horn at theeb@ >, 105)= 2.70; P=0.07) and
circumference just below the tip of the horn ¢Fi5) =0.47; P=0.63). However,
circumference of the horn at mid region showediBaant difference (R2, 105=3.10;
P=0.04; Table 17) among these three valleys. Acbais in Maidan valley have
significantly thicker horns at mid region than cowsTalash valley (i) =2.62;
P=0.01; Table 16) whereas this difference betwesvsdn Talash and Jandool valley
(t (700 =0.78; P=0.43) and Jandool and Maidan valley;dt=1.64; P=0.10) was
statistically not significant.

Achai bulls.

The overall mean length of the horn along the greahd smaller curvature was
19.73t0.55 cm and 16.2®.20 cm respectively. The overall mean circumfeeeotc
the horn at base was 16620 cm, at mid region was 148625 cm and just below

the tip was 6.250.16 cm (Tablel6).

The mean length of the horn along the greater turgand smaller curvature and the
circumference of the horn at base, mid region arsdl pelow the tip in the three
valleys (Talash, Jandool, Maidan) are shown in &abé. One-way analysis of
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variance (Table 18) revealed no significant diffe® in mean length of the horn
along the grater curvature (k. 105y =0.67; P= 0.51) and smaller curvature {fos)
=0.36; P= 0.69) among these three valleys. Sirgildhe difference in mean
circumference of the horn at base{ks)=1.94; P= 0.15), mid region (k105=0.42
P= 0.66) and just below the tip (k105) =0.13; P= 0.88) was also statistically not

significant among these three valleys.

Sex differencesin horn length and circumference.

Combined data of all the three valleys revealed Awhai bulls have significantly
longer horns with respect to greater curvaturg: 4§ = 3.42; P<0.001; Table 16) and
smaller curvature (f14) =5.87; P<0.001; Table 16) than cows. Horns ofsbulere
also significantly thicker at basets)=19.56; P<0.001; Table 16), mid regionu(k

= 16.13; P<0.001; Table 16) and just below thttipi4) = 5.15; P<0.001; Table 16)

than cows.
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Results

Table 17: One-way analysis of variance showing differences in mean length
(along the greater and smaller curvature) and circumference (at base, mid region
and tip) of the horn of Achai cows among Talash, Jandool and Maidan valleys of

District Lower Dir, NWFP.

Variables Source of df SS MS F P

variation
Length of the horn along theBetween valleys 225.68 12.84 0.69 0.50
greater curvature

Within valleys 105 1961 18.68

Total 107 1987
Length of the horn along the Between valleys 218.67 9.33 0.75 0.47
smaller curvature

Within valleys 105 1299 12.37

Total 107 1317
Circumference at the base ofBetween valleys 213.34 6.67 2.70 0.07
the horn

Within valleys 105 259.1 2.47

Total 107 2725
Circumference at the mid  Between valleys 222.74 11.37 3.10 0.04
region of the horn

Within valleys 105 384.5 3.66

Total 107 407.2
Circumference just below theBetween valleys 2191 095 047 0.63
tip of the horn

Within valleys 105 215 2.05

Total 107 216.9
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Results

Table 18: One-way analysis of variance showing differences in mean length
(along greater and smaller curvature) and circumference (at base, mid region
and tip) of the horn of Achai bullsamong Talash, Jandool and Maidan valleys of

District L ower Dir, NWFP.

Variables Source of variation  df SS MS F
Length of the horn along Between valleys 2 4419 2210 0.67 0.51
the greater curvature

Within valleys 105 3469 33.03

Total 107 3513
Length of the horn along Between valleys 2 1436 7.18 0.36 0.69
the smaller curvature

Within valleys 105 2064 19.66

Total 107 2079
Circumference atthe  Between valleys 2 1587 793 194 0.15
base of the horn

Within valleys 105 429.3 4.09

Total 107 445.2
Circumference atthe  Between valleys 2 5557 278 042 0.66
mid region of the horn

Within valleys 105 697.0 6.64

Total 107 702.5
Circumference just Between valleys 2 0.695 0.35 0.13 0.88
below the tip of the horn

Within valleys 105 2814 2.68

Total 107 282.1
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4. Neck and Dewlap.

Measurements of the neck taken were length andimierence, and that of the
dewlap were length and width of both Achai cows @uthai bulls. In Achai cows,

dewlap extends from intermandibular region justramt of the angle of the jaw and
tapers at or slightly behind the brisket. The siithe dewlap has very small folds in
Achai cows. In Achai bulls, the dewlap extends framre anterior region of the
intermandibular area than Achai cows but tapereat atightly behind the brisket like
Achai cows. Skin folding of the dewlap of Achai Isulis more prominent as

compared to cows.

Achai cows.

The overall mean length and circumference of theknef Achai cows was
34.92+0.52 cm and 63.41+0.54 cm respectively (Td®® Similarly the overall
mean length of the dewlap was 67.11+1.02 cm anchrmaedth of the dewlap was
8.03£0.17 cm in Achai cows (Table 19).

The mean length and circumference of the neck lamantean length and width of the
dewlap of Achai cows in Talash, Jandool and Maidaley is given in Table 19.
One-way analysis of variance (Table 20) revealedigaificant difference in mean
length (F(2, 105y= 0.98; P=0.38) and mean circumference,(kvsy= 0.69; P=0.49) of
the neck of Achai cows among these three valleiysil&ly, no significant difference
was observed in mean length ¢Fi0s5) =0.25; P=0.78) and mean width @105y =

1.42; P=0.25) of the dewlap of Achai cows amongdtibree valleys.

Achai bulls.

The overall mean length and circumference of thek ioé Achai bulls was 33.22+0.57
cm and 71.64+0.78 cm respectively. The overall mMength of the dewlap of Achai
bulls was 76.37+£0.93 cm and the overall mean wadtthe dewlap was 13.17+0.27
cm (Table 19).

The mean length and circumference of the neck lamantean length and width of the
dewlap of Achai bulls in Talash, Jandool and Maidalley is given in Table 19.

One-way analysis of variance (Table 21) showedifsdgmt difference (Fq, 105)=
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4.79; P=0.01) in mean neck length of Achai bulloagthese three valleys. Bulls in
Talash valley have significantly longer neck thatisin Jandool valley (o) =1.99;
P=0.04, Table 19) and Maidan valley =2.89; P=0.005; Table 19). The difference
in neck length of bulls between Jandool and Mawdatey did not differ significantly

(t 70) =1.02; P=0.31). The difference in mean neck cifewence of Achai bulls
among Talash, Jandool and Maidan valley was statilst not significant (R, 10s) =
1.69; P=0.19; Table 21). In case of the length emdth of the dewlap, one-way
analysis of variance (Table 21) revealed no sigaift difference in mean dewlap
length (F(, 105y= 1.88; P=0.16) and dewlap width @105 = 1.65; P=0.19) of Achai

bulls among these three valleys.

Sex differences in mean length and circumference of the neck and mean length
and width of the dewlap.

Combined data of these three valleys showed thdaiAcows have significantly
longer (te14)= 2.16; P=0.02; Table 19) but thinneg.k) = 8.69; P< 0.001; Table 19)
neck than Achai bulls. Significantly longer $is) = 6.68; P< 0.001; Table 19) and
wider (t 14y = 15.57; P< 0.001; Table 19) dewlap was noted ahah bulls as

compared to Achai cows in these three valleys.
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Results

Table 20: One-way analysis of variance showing differences in mean length and
circumference of neck and mean length and width of dewlap of Achai cows
among Talash, Jandool and Maidan valleys of District L ower Dir, NWFP.

P

Variables Source of variation df SS MS F
Neck length Between valleys 260.57 30.29 0.98 0.38
Within valleys 105 3247 30.92
Total 107 3307
Neck circumference Between valleys 24459 22.29 0.69 0.49
Within valleys 105 3348 31.89
Total 107 3393
Dewlap length Between valleys 25757 28.79 0.25 0.78
Within valleys 105 12160 115.80
Total 107 12220
Dewlap width Between valleys 2 10.08 504 1.42 0.25
Within valleys 105 372.2 3.54
Total 107 382.3
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Table 21: One-way analysis of variance showing differences in mean length and
circumference of neck and length and width of dewlap of Achai bulls among
Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

P

Variables Source of variation df SS MS F
Neck length Between valleys 2 319.8 159.90 4.79 0.01
Within valleys 105 3499 33.32
Total 107 3818
Neck circumference Between valleys 2218.3 109.10 1.69 0.19
Within valleys 105 6748 64.27
Total 107 6966
Dewlap length Between valleys 2 345 17250 1.88 0.16
Within valleys 105 9639 91.80
Total 107 9984
Dewlap width Between valleys 2 26.67 13.34 165 0.19
Within valleys 105 849.40 8.09
Total 107 876.00
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5. Hump.

Measurements (height and circumference) of the hawame taken only in Achai bulls
because in Achai cows the hump was very small and@asurements were taken.

Achai bulls.

Hump was cervico-thoracic in position. The overalan height (from base to apex)
and circumference (measured at the central pant frase to apex) of the hump was
11.38+0.20 cm and 57.44+0.85 cm respectively (TaBe

The mean height and circumference of the hump dfafbulls in Talash, Jandool
and Maidan valley is shown in Table 22. One-waylymis of variance (Table 23)
revealed no significant (k105 =1.44; P=0.24) difference in mean height and

circumference (k,105)=1.01; P=0.37) of the hump of bulls among thesegvalleys.

Table 22: Mean height and circumference (cm) of the hump of Achai bull in
Talash, Jandool and Maidan valleys of District L ower Dir, NWFP.

Variables Talash (n=36) Jandool (n=36) Maidar8@)= Overall (n=108)
Hump height  11.08+0.34 11.20+0.34 11.85+0.34 110333
Hump 56.48+1.32 58.86+1.29 56.99+1.78 57.44+0.85
circumference

MeantSE

n= Number of Achai bulls.

Table 23: One-way analysis of variance showing differences in mean height and
circumference of the hump of Achai bulls among Talash, Jandool and Maidan
valleys of District Lower Dir, NWFP.

Variables Source of variation df SS MS F P
Hump height Between valleys 212.17 6.08 1.44 0.24
Within valleys 105 442.1 4.21
Total 107 454.2
Hump circumference Between valleys 213.9 56.97 1.01 0.37
Within valleys 105 5931 56.49
Total 107 6045
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6. Back and rump.

The measurements of the back region taken wereecl@ingth and loin length,
whereas, that of the rump were rump length and ramagh in both Achai cows and
bulls. Rump is slightly concave and sloped caudilypoth Achai cows and Achai
bulls. Rump of the Achai bulls is fleshier thanttlbh the cow. However, pin bones

are always lower than hipbones in both Achai come Aachai bulls.

Achai cows.

The overall mean chine length and loin length oh&iccows was 36.81+0.37 and
33.28+0.45 cm respectively whereas, the overallmmeanp length of Achai cows
was 30.92+0.38 cm and rump width was 30.55+0.27 zble 24).

The mean chine length, loin length, rump length eunndp width of Achai cows in
Talash, Jandool and Maidan valley is given in T&fleOne-way analysis of variance
revealed (Table 25) significant difference in mednne length (Fy, 105 = 3.78;
P=0.03) and loin length (, 105y= 3.75; P=0.03) of Achai cows among these three
valleys. Cows in Jandool valley have significarldpger chine than cows in Talash
valley (t 70y =2.60; P=0.01; Table 24) and Maidan valley,{f=2.02; P=0.04; Table
24). However, the difference in mean chine lendtAahai cows between Talash and
Maidan valley was not significant {f =0.53; P=0.59). Regarding the loin length,
Achai cows in Maidan valley have significantly b =2.80; P=0.006; Table 24)
longer loin than cows in Talash valley, whereas, dliference in loin length of cows
between Talash and Jandool valley¢ =1.60; P=0.11) and Jandool and Maidan
valley (t(z0)=1.08; P=0.28) was statistically not significant.

On the other hand, no significant difference waseobed in mean rump length
(F (2,105)= 0.13; P=0.88; Table 25) and rump width{lps)= 0.25; P=0.78; Table 25)
of Achai cows among these three valleys.

Achai bulls.

The overall mean chine length and loin length oh&idulls was 39.66+0.48 cm and
29.44+0.27 cm respectively (Table 24). The ovarabn rump length of Achai bulls
was 33.45+0.32 cm and rump width was 27.72+0.29Tble 24).
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The mean chine length, loin length, rump length andp width of Achai bull in
Talash, Jandool and Maidan valley is given in T&fleOne-way analysis of variance
(Table 26) showed no significant difference in meame length (Ry, 105y = 0.31;
P=0.73) of Achai bulls between these three valléiewever, mean loin length of
Achai bulls differed significantly (k, 105y = 5.20; P=0.007; Table 26) among these
three valleys. Bulls in Talash valley have sigrfidy (t 7o) =3.23; P=0.001; Table
24) longer loin than bulls in Maidan valley. Howevéhe difference in mean loin
length of Achai bulls between Talash and Jandobéydt (7o) =1.81; P=0.07; Table
24) and Jandool and Maidan valleyA} =1.36; P=0.18; Table 24) was statistically

not significant.

Mean rump length of Achai bulls vary significan{ly 2,105y = 4.99; P=0.008; Table
26) among these three valleys. Bulls in Maidaneyahave significantly short rump
than bulls in Talash valley (i) =2.93; P=0.004; Table 24) and Jandool valleyoft

=2.41; P=0.02; Table 24), whereas the differenceump length of bulls between
Talash and Jandool valley was statistically notiicant (t 7o) =0.45; P=0.65). Rump
width of Achai bulls also showed no significant gFos) =1.85; P=0.16; Table 26)

among these three valleys.

Sex differencesin chinelength, loin length, rump length and rump width.

Based on combined data of all the three valleysag observed that Achai bulls have
significantly longer chine (i14) =4.69; P<0.001) but shorter loin @4y =7.38;
P<0.001) than Achai cows in these three valleymil&ily Achai bulls also have
significantly longer ({214) =5.06; P<0.001) but narrow rump 44 =7.07; P<0.001)
than Achai cows.
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Results

Table 25: One-way analysis of variance showing differencesin mean loin length,
loin width, rump length and rump width of Achai cows among Talash, Jandool
and Maidan valleys of District Lower Dir, NWFP.

Variables Source of variation df SS MS F P
Chine Between valleys 2 1134 56.70 3.78 0.03
Within valleys 105 1575 15.00
Total 107 1688
Loin length Between valleys 77.84 155.7 3.75 3.75 0.03
Within valleys 105 2177 20.74
Total 107 2333
Rump length Between valleys 2 414 2071 0.13 0.88
Within valleys 105 1707 16.25
Total 107 1711
Rump width Between valleys 2 3915 1.957 0.25 0.78
Within valleys 105 8214 7.822
Total 107 825.3
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Table 26: One-way analysis of variance showing differences in mean chine
length, loin length, rump length and rump width of Achai bulls among Talash,

Jandool and Maidan valleys of District L ower Dir, NWFP.

Variables Source of variation df SS MS F P
Chine Between valleys 2 15.62 781 0.31 0.73
Within valleys 105 2657 25.30

Total 107 2673

Loin length Between valleys 2 7394 36.97 5.20 0.007
Within valleys 105 746.1 7.11
Total 107 820.0

Rump length Between valleys 2104.1 52.04 499 0.008
Within valleys 105 1095 10.43
Total 107 1199

Rump width Between valleys 23419 17.10 1.85 0.16
Within valleys 105 967.5 9.21
Total 107 1002
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7. Legs.

The legs of Achai cows and Achai bulls are shdiy ut strongly built. Front legs
are straight whereas hind legs have medium anguldie measurements taken for
this study were length of the front leg below kij@at and circumference of the hoof

of both Achai cow and Achai bulls.

Achai cows.

The overall mean length of the front leg below kjaet was 26.93+0.31 cm and the
overall mean circumference of the hoof was 27.98&@m (Table 27). The mean
length of the front leg below knee joint and meanwnference of the hoof of Achai
cows in Talash, Jandool and Maidan valley is showhable 27. One-way analysis of
variance (Table 28) showed no significant diffeeent mean length of the front leg
below knee joint (R2, 105y= 0.49; P=0.62) and mean circumference of the 6ef

105)= 0.13; P=0.88) of Achai cows among these thrdeys

Achai bulls.

In Achai bulls, the overall mean length of the trdeg below knee joint was
27.94+0.15 cm and mean circumference of the hoaf 3%49+0.17 cm (Table 27).
The mean length of the front leg below knee jomd enean circumference of the hoof
of Achai bulls in Talash, Jandool and Maidan valieyresented in Table 27. One-
way analysis of variance (Table 29) revealed sicgit (F o, 105y = 4.06; P=0.02)
difference in mean length of the front leg belove&noint among these three valleys.
Bulls in Talash valley have significantly (f) =2.67; P=0.009; Table 27) higher
values for length of the front leg below knee jothtan bulls in Maidan valley.
However, the difference in mean length of the friegt below knee joint of bulls of
Talash and Jandool valley by =1.19; P=0.23) and Jandool and Maidan vallgyot
=1.70; P=0.09) was statistically non-significartattstical analysis also revealed non-
significant (F, 105)= 2.03; P=0.14; Table 29) difference in mean cirference of the

hoof of Achai bulls among these three valleys.

Sex differencesin length below knee joint and hoof circumference.

Combined data of all the three valleys showed #atai bulls have significantly
higher values for length of the front leg below &npeint (t(214)=5.32; P<0.001; Table
27) and hoof circumference£is)=13.87; P<0.001; Table 27) than Achai cows.
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Results

Table 28: One-way analysis of variance showing differences in mean length of
the front leg below knee joint and hoof circumference of Achai cows among
Talash, Jandool and Maidan valleys of District L ower Dir, NWFP.

Variables Source of variation df SS MS F P
Length of the frontleg  Between valleys 21.795 0.90 0.49 0.62
below knee joint
Within valleys 105 193.8 1.85
Total 107 195.6
Hoof circumference Between valleys 23.69 185 0.13 0.88
Within valleys 105 1541 14.68
Total 107 1545

Table 29: One-way analysis of variance showing differences in mean length of
the front leg below knee joint and hoof circumference of Achai bulls among
Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

Variables Source of variation df SS MS F P
Length of the frontleg Between valleys 2 17.83 8.916 4.06 0.02
below knee joint
Within valleys 105 230.60 2.196
Total 107 248.40
Hoof circumference Between valleys 212.62 6.312 2.03 0.14
Within valleys 105 326.60 3.110
Total 107 339.20
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Results

8. Tail and switch of thetail.

Measurements taken were length of the tail andtlheafthe switch of the tail in both

Achai cows and Achai bulls.

Achai cows.

The overall mean length of the tail was 78.81+Xk08and the overall mean length of
the switch of the tail was 21.65+0.89 cm in Achaivs (Table 30).

The mean length of the tail and mean length ofthkiéch of the tail of Achai cows in
Talash, Jandool and Maidan valley is given in T&leOne-way analysis of variance
(Table 31) showed no significant (f105)= 1.08; P=0.34) difference in mean length
of the tail but length of the switch vary signifitey (F (2,105)= 4.44; P=0.01) among
these three valleys. Cows in Maidan valley havenii@antly short length of the
switch than cows in Jandool valley s =2.20; P=0.03; Table 30) and Talash valley
(t 70) =2.94; P=0.004; Table 30). The difference in slitength of cows between
Talash and Jandool valley was statistically notificant (tq) =0.51; P=0.61).

Achai bulls.

The overall mean length of the tail and overall miemgth of the switch of the tail of
Achai bulls was 95.06+£0.60 cm and 32.44+0.44 crpeetvely (Table 30).

The mean length of the tail and mean length ofsthiéch of the tail of Achai bulls in
Talash, Jandool and Maidan valley is presentedahlel 30. One-way analysis of
variance (Table 32) revealed no significant diffee (F_, 105y = 0.43; P=0.65) in
mean length of the tail of Achai bulls among théwee valleys. However, the mean
length of the switch vary significantly E105)= 4.50; P=0.01; Table 32) among these
three valleys. Bulls in Talash valley have longsiteh than bulls in Maidan valley (t
70y =2.69; P=0.009; Table 30). The difference in meaitch length of Achai bulls
between Talash and Jandool valley¢ =1.07; P=0.29) and Jandool and Maidan

valley (tz0)=1.65; P=0.10) was statistically not significant.

Sex differencesin tail length and switch length.

Achai bulls have significantly longer tail (#14) =13.32; P<0.001; Table 30) and
longer switch (tz14) =10.78; P<0.001; Table 30) than Achai cows in ¢htdgee

valleys.
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Results

Table 31: One-way analysis of variance showing differences in mean tail and
switch length of Achai cows among Talash, Jandool and Maidan valleys of

District L ower Dir, NWFP.

Variables Source of variation df SS MS F P
Tail length Between valleys 2 2615 130.7 1.08 0.34
Within valleys 105 12670 120.7
Total 107 12930
Switch length Between valleys 2 725.7 362.8 4.44 0.01
Within valleys 105 8586 81.78
Total 107 9312

Table 32: One-way analysis of variance showing differences in mean tail and
switch length of Achai bulls among Talash, Jandool and Maidan valleys of

District Lower Dir, NWFP.

Variables Source of variation df SS MS F P
Tail length Between valleys 2 3395 1698 043 0.65
Within valleys 105 4142 39.45
Total 107 4176
Switch length Between valleys 2177.2 88.61 450 0.01
Within valleys 105 2066 19.67
Total 107 2243
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Results

Productive performance.

Productive performance studies included standabddzy milk yield of Achai cows

and birth weight of male and female calves.

Standard 305-day milk yield.

The overall mean standard 305-day milk yield of &atow was 1426.31+30.23 liters
ranging from 627.09 to 2017.19 liters. Standard-8@% milk yield of Achai cow was
studied according to valley (Talash, Jandool, Majdparity (first, second, third) and

season (spring, summer, autumn, winter).

Valley: Milk yield of Achai cows on the basis ofastdard 305-day lactation period
was calculated from first to third parity in Talaslandool and Maidan valley and is
presented in Table 33. Mean milk yield in all trerifpes combined together showed
lowest milk yield in Talash valley and highest mifleld in Jandool valley. Mean
milk yield in all the parities in Talash valley wagnificantly less than in Jandool (t
0y = 5.31; P<0.0001; Table 33) and Maidan valley(t=3.98; P=0.0002; Table 33).
However, there was no significant difference in menilk yield of Achai cows
between Jandool and Maidan valleygdt= 0.97; P=0.34).

Parity: Standard 305-day milk yield in relation parity in Talash, Jandool and
Maidan valley is given in Table 33. In the firstripathe lowest mean milk yield was
in Talash valley and the highest was in Jandodkeyallin first parity compared to
Talash valley significantly higher milk yield was Jandool valley (t22) =3.78;
P=0.001; Table 33) and Maidan valleyt = 3.10; P=0.005; Table 33). There was
no significant difference in milk yield in compaois of Jandool valley with Maidan
valley (t o2 = 0.27; P=0.78). In second parity the highest mesdlk yield was in
Jandool valley and the lowest in Talash valleységond parity milk yield in Jandool
valley was significantly higher than in Talash esll(t 22 = 2.66; P=0.01; Table 33).
Milk yield in second parity in Maidan valley was tnsignificantly different from
Talash (f2) = 1.92; P=0.07) and Jandool valley.f = 0.65; P= 0.52). In third parity,
the lowest milk yield was in Talash valley and f@ghin Jandool valley. Compared to
Talash valley significantly higher milk yield was Jandool ({22 = 2.76; P= 0.01,;
Table 33). There was no significant difference iram milk yield in Maidan
compared to Talash g =1.88; P=0.07) and Jandool valley.f = 0.73; P= 0.47).
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Results

Regression analysis of variance (Table 34) reveatesignificant difference in mean
305-day milk yield of Achai cows among the threeritggs in Talash (b=
65.19+27.63F (1, 1)= 5.57; P=0.25), Jandool (b= 20.60+25.F%; 1)= 0.64; P=0.57)
and Maidan valley (b= - 3.25+19.18(,, 1)= 0.03; P=0.89).

Season: Mean milk yield of Achai cows calved durilifferent seasons and calving
percentage in these seasons in the three vallgyges in Table 35. The highest mean
milk yield in Talash (1260.04+142.91 liters), Jaod@1719.15+45.28 liters) and
Maidan valley (1659.55+99.00 liters) was seen iws@alved in spring season and
the lowest milk yield in Talash (1009.77 litersyndool (1459.91 liters) and Maidan
valley (1387.59+171.49 liters) was observed in covedved in autumn season.
Regression analysis of variance (Table 36) shoveedignificant difference in mean
305-day milk yield of Achai cows in different seasoof the year in Talash (b= -
59.34+47.34; k1, 2)=1.57; P=0.34), Jandool (b= - 43.26+56.36i £=0.59; P=0.52)
and Maidan valley (b= - 76.84+35.51{:F)= 4.68; P=0.16).

The highest percentage of calving was observed! itha three valleys in summer
season and the lowest calving percentage was umauseason. No correlation was
observed between the percentage of calving andyeld in Talash (b=3.36%£2.64; F
@ 20 = 1.62; P= 0.33; Table 37), Jandool (b= - 0.2284H ; » = 0.003; P=0.96;
Table 37) and Maidan valley (b=0.85+4.31; )=0.04; P=0.86; Table 37).
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Table 33. Standard 305-day milk yield (liters) of Achai cows in first, second and
third parity in Talash, Jandool and Maidan valleys of District Lower Dir, NWFP

Valleys

Parity Talash Jandool Maidan

First  1135.9& 75.48 (12) 1524.6%9.98% " (12) 1493.9387.34%*"" (12)
Second 1248.9%115.21 (12) 1589.8%55.75°"" (12) 1523.9185.40 (12)

Third  1266.2& 83.55 (12) 1565.8%9.17°"" (12) 1487.4382.36 (12)

Mean 1217.04 53.05 (36) 1560.186.88% " (36) 1501.7647.76% "~ (36)

MeantSE

() = Number of cows

a= Talash vs Jandool and Maidan
b= Jandool vs Maidan

P<0.05*, <0.01**, P<0.001***

Table 34: Regression analysis of variance of 305-day milk yield of Achai cows on
parity in Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

Valley df SS MS F P

Talash b =65.19+27.63 Regression 18499.47 8499.47 5.57 0.25
Residual 1 1526.41 1526.41

Total 2 10025.89

Jandool b= 20.60£25.72 Regression 1 848.72 848.72 0.64 0.57
Residual 1 132254 132254

Total 2 2171.26

Maidan b=-3.25+19.18 Regression 1 21.09 21.09 0.03 0.89
Residual 1 736.32 736.32

Total 2 757.41
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- Reslts

Table 36: Regression analysis of variance of 305-day milk yield of Achai cows on
season in Talash, Jandool and Maidan valleys of District Dir Lower, NWFP.

Valleys df SS MS F P

Talash  b=-59.35+47.34 Regression 17610.33 17610.33 1.57 0.34

Residual 2 22412.34 11206.17
Total 3 40022.67
Jandool =-43.26156.36 Regression 19356.27 9356.27 0.59 0.52
Residual 2 31766.07 15883.04
Total 3 41122.34

Maidan b=-76.84+35.51 Regression 09521.93 29521.93 4.68 0.16
Residual 2 12608.51 6304.25

Total 3 42130.44

Table 37: Regression analysis of variance of 305-day milk yield on percentage
calving of Achai cows in Talash, Jandool and Maidan valley of District L ower
Dir, NWFP.

Valleys df SS MS F P

Talash b= 3.36£2.64 Regression 17936.50 17936.50 1.62 0.33
Residual 2 22086.17 11043.08

Total 3 40022.67

Jandool b =-0.22+4.10 Regression 1 56.75 56.75 0.003 0.96
Residual 2 41065.59 20532.80

Total 3 41122.34

Maidan b=0.85+4.31 Regression 1 808.13 808.13 0.04 0.86
Residual 2 41322.31 20661.15

Total 3 42130.44
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Birth weight.
Male Achai calves.

The overall mean birth weight of male Achai calvess 16.880.27 kg ranging from
12.50 to 21.00 kg. Birth weight of male Achai caweas studied according to valley
(Talash, Jandool, Maidan), parity (first, secordrd) and season (spring, summer,

autumn, winter).

Valley: Mean birth weight of male Achai calves ialdsh, Jandool and Maidan valley
is presented in Table 38. Mean birth weight of mfstbai calves was 17.%0.43 kg

in Talash valley, 16.4D.50 kg in Jandool valley and 160148 kg in Maidan valley
and there was no significant (£ s¢) = 1.46; P=0.24; Table 39) difference in mean

birth weight of male Achai calves among these thadkeys.

Parity: Mean birth weight of male Achai calves banrfirst, second and third parity

in Talash, Jandool and Maidan valley is shown ihl@&8.

In Talash valley the highest mean birth weight @flencalves was in third parity and
the lowest was in first parity. A significant inese (b=0.28+0.003; |, 1) = 9747,
P=0.006; Table 40) in mean birth weight of malevealwas observed with ascending

parity in Talash valley.

In Jandool valley a similar pattern like Talashleylwas seen with the highest mean
birth weight in third parity and lowest in first fig. Mean birth weight showed
significant (b=0.16+0.006; [, 1) = 768; P=0.02; Table 40) increase with increase in

parity number in this valley.

In Maidan valley the highest mean birth weight ddlencalves was in second parity
and the lowest mean birth weight was in third pafRegression analysis of variance
revealed no significant (b= - 0.245+0.286; k)= 0.73; P= 0.55; Table 40) difference

in mean birth weight of male calves among thesectiparities.

Season: Mean birth weight of male Achai calves borspring, summer, autumn and
winter seasons in Talash, Jandool and Maidan vadleghown in Table 41. No
statistical analysis was applied to the data oth bw#eight of male Achai calves due to

insufficient number of records of birth weight iatamn season.
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Table 38: Birth weight (kg) of male Achai calvesborn in first, second and third

parity in Talash, Jandool and Maidan valleys of District L ower Dir, NWFP.

Valleys
Parity Talash Jandool tldani
First 17.2%0.70  (07) 16.260.86  (08) 16.381.30 (06)
Second 17.5&1.07 (06) 16.40.33  (05) 17.140.40 (05)
Third 17.780.56  (07) 16.540.68 (07) 16.380.49 (07)
Mean 17.5:0.43 (20) 16.40.50 (20) 16.40.48 (19)
MeantSE
() =Number of calves.
Table 39: One-way analysis of variance showing differencesin mean birth
weight of male Achai calves between Talash, Jandool and Maidan valleys of
District Lower Dir, NWFP.
Source of variation df SS MS F P
Between valleys 2 12.6853 6.3426 1.46 0.24
Within valleys 56 243.9842 4.3568
Total 58 256.6695
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Table 40: Regression analysis of variance of birth weight of male Achai calves on
parity in Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

Valley df SS MS F P
Talash  b=0.28+0.003 Regression  10.162450 0.162450 9747 0.006
Residual 1 0.000016 0.000016
Total 2 0.162467
Jandool b=0.16+0.006 Regression  10.051200 0.051200 768 0.02
Residual 1 0.000067 0.000067
Total 2 0.051267
Maidan b=-0.25+0.286 Regression  10.12005 0.12005 0.730.55
Residual 1 0.16335 0.16335
Total 2 0.28340

Table 41: Birth weight (kg) of male Achai calves born in spring, summer,
autumn and winter season in Talash, Jandool and Maidan valleys of District
L ower Dir, NWFP.

Valleys
Seasons Talash dahd Maidan
Spring 17.831.09 (03) 16.621.49 (04) 17.280.85 (04)
Summer 17.140.70 (11) 16.560.79  (09) 15.940.98 (08)
Autumn 19.00 (01) 1450  (02) 17.50 (02)
Winter 17.90:0.43 (05) 16.860.83  (05) 17.360.46  (05)
MeantSE

() = number of calves.
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Female Achai calves.

The overall mean birth weight of female Achai calweas 14.460.24 kg ranging
from 12.00 to 17.50 kg. Birth weight of female Acbalves was studied according to
valley (Talash, Jandool, Maidan), parity (firstceed, third) and season (spring,

summer, autumn, winter).

Valley: Mean birth weight of female Achai calves Tialash, Jandool and Maidan
valley is shown in Table 42. Mean birth weight @dnmfale Achai calves was
14.30+£0.46 kg in Talash, 14.46+0.45 kg in Jandou 44.62+0.37 kg in Maidan
valley. One-way analysis of variance revealed goistant (F, 4= 0.15; P=0.86;

Table 43) difference in birth weight of female Acbalves among these three valleys.

Parity: Birth weight of female Achai calves bornfirst, second and third parity in
Talash, Jandool and Maidan valley is given in Ta#fe Regression analysis of
variance (Table 44) showed no significant diffeeent mean birth weight of female
Achai calves among these three parities in Talash-(0.04+0.19; R1, 1) = 0.04;
P=0.87), Jandool (b= 0.73+0.67; (F 1) = 1.16; P=0.47) and Maidan valley (b=
0.10£1.19; Ry, 1)= 0.007; P=0.95).

Season: Birth weight of female Achai calves bordiiflerent seasons of the year in
Talash, Jandool and Maidan valley is given in Tate No statistical analysis was
applied to the data on birth weight of female Actalives due to insufficient number

of records of birth weight in autumn and winters®es.

Table 42: Birth weight (kg) of female Achai calvesborn in first, second and third
parity in Talash, Jandool and Maidan valleys of District L ower Dir, NWFP.

Valleys
Parity Talash Jandool Maidan
First 14.2@:0.97 (05) 14.371.05 (04) 15.360.73  (05)
Second 14.5G:0.56  (06) 13.980.54 (07) 13.380.25 (06)
Third 14.121.18 (04) 15.880.88 (03) 15.560.45 (05)
Mean 14.30:0.46 (15) 14.460.45 (14) 14.680.37 (16)

MeantSE
() = number of calves
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Table 43: One-way analysis of variance showing differencesin mean birth weight
of female Achai calvesamong Talash, Jandool and Maidan valley of L ower Dir.

Source of variation df SS MS F P
Between valleys 2 0.8178 0.4089 0.15 0.86
Within valleys 42 115.8821 2.7590

Total 44 116.7000

Table 44: Regression analysis of variance of birth weight of female Achai calves
on parity in Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

Valley df SS MS F P
Talash =-0.04+£0.19 Regression 10.0032 0.0032 0.04 0.87
Residual 1 0.0770 0.0770
Total 2 0.0802

Jandool b=0.73+0.67 Regression 11.06 1.06 1.16 0.47
Residual 1 0.92 0.91

Total 2 1.97

Maidan b=0.10£1.19 Regression 10.02 0.02 0.007 0.95
Residual 1 256 1.99

Total 2 287

Table 45: Birth weight (kg) of female Achai calvesborn in spring, summer,
autumn and winter season in Talash, Jandool and Maidan valleys, L ower Dir.

Valleys
Season Talash Jandool Maidan
Spring 14.50:0.91 (04) 13.750.95 (04) 14.83:0.83  (03)
Summer 14.720.92 (09) 14.44t0.47 (09) 14.55:0.50 (10)
Autumn 14.00 (01) - - 13.00 (01)
Winter 14.00 (01) 18.00 (01) 15.50 02)(

MeantSE, () =number of calves
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Effect of calf sex on birth weight.

Based on combined data of all the three valleysptrerall mean birth weight of male
Achai calves wad46.88+0.27 kg and female Achai calves was 14.54t@@ (Table
46). Male Achai calves were highly significantly{d) =6.11; P<0.001) heavier than

female Achai calves at birth.

Comparison of mean birth weight of male and fen#dbai calves was carried out

according to valley (Talash, Jandool, Maidan) aauity (first, second and third).

Valley: Mean birth weight of male and female Acbkalves based on combined data
of all the three parities in Talash, Jandool anddslia valley is given in Table 46.
Male Achai calves were highly significantly heavikan female Achai calves at birth
in Talash ({33 =5.01; P<0.001), Jandool{}) =2.71; P=.01) and Maidan valley3
=3.40; P=.002).

Parity: Mean birth weight of male and female Acbalves born in first, second and
third parity in Talsh, Jandool and Maidan vallegi®wn in Table 47. Comparison of
mean birth weight of male and female calves rewkalgnificantly heavier birth
weight of male as compared to female calves int fiexity (t (10) =2.58; P=0.02),
second (f10)=2.48; P=0.03) and third parity @ =3.19; P=0.01) in Talsah valley. In
Jandool valley there was no significant differemrcenean birth weight of male and
female Achai calves born in first ) =1.31; P=0.22), second (b =1.94; P=0.08)
and third parity (ig) =0.61; P=0.56). In Maidan valley the situation v&asilar to
Janddol valley for first parity (ti0) =0.98; P=0.35) and third parity (to) =1.22;
P=0.25) except second parity where male calves wageificantly (t g =8.32;
P<0.001) heavier than female calves at birth.
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Results

Reproductive perfor mance.

Reproductive performance of Achai cows investigatethe present study included
pubertal age, postpartum anoestrus interval, cdincepefficiency based on
percentage of Achai cows conceived after availiimgt,fsecond, third, fourth and

more than fourth (fifth and sixth) natural serviceslving interval and dry period.

Pubertal age.

The overall mean pubertal age of Achai cows was/ I7/13418.26 days ranging from
720 to 1440 days. Mean pubertal age of cows inshaldandool and Maidan valley is
presented in Table 48. Analysis of variance shome@dignificant (R, 94)= 0.34; P=

0.71; Table 49) difference in mean pubertal ageoafs among these three valleys.

Pubertal age of Achai cow was divided into fourug® with an interval of 180 days
(Table 50). In Talash valley the highest percent@@:86%) of Achai cows reached
puberty at the age ranging from 901-1080 days, ed®rin Jandool (48%) and
Maidan valley (38.46%), the maximum percentage cifigh cows attain puberty at the
age ranging from 1081-1260 days.

Table 48: Pubertal age and range (days) of Achai cows in Talash, Jandool and
Maidan valleys of District Lower Dir, NWFP.

Valley Mean Range No. of cows
Talash 1144.2945.18 735-1440 21
Jandool 1161.0@22.45 720-1440 50
Maidan 1125.0@39.04 720-1440 26

+SE

Table 49: One- way analysis of variance showing difference in mean pubertal age
of Achai cows among Talash, Jandool and Maidan valleys of District Lower Dir,
NWFP.

Source of variation df SS MS F P
Between valleys 2 22486.75 11243.37 0.34 0.71
Within valleys 94 3083014.00 32798.02

Total 96 3105501.00
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Results

Postpartum anoestrusinterval.

The overall mean postpartum anoestrus interval afaf cows was 97.33.42 days
ranging from 40 to 210 days. Postpartum anoestrgsvial was studied according to
valley (Talash, Jandool and Maidan), parity (patfiitst, second, third and fourth) and

season (spring, summer, autumn and winter).

Valley: Mean postpartum anoestrus interval of Acbaivs in Talash, Jandool and
Maidan valley is shown in Table 51. Mean postpartanoestrus interval was
100.0@6.33 days in Talash valley, 96:3.35 days in Jandool valley and 92507
days in Maidan valley and there was no signifiq&ng,155)=0.37; P=0.69; Table 52)
difference in mean postpartum anoestrus intervalrgihese three valleys.

Parity: Parity wise postpartum anoestrus intervalTalash, Jandool and Maidan
valley is given in Table 51. In Talash valley Aclwaiws in first parity showed the
longest mean postpartum anoestrus interval compare@dws in second, third and
fourth parity. The lowest mean postpartum anoestigsval was observed in fourth
parity. Regression analysis of variance revealgdifstant (b= -10.06+1.49; [, 2
=45.11; P=0.02; Table 53) decrease in mean postpaahoestrus interval from first
parity to fourth parity. In Jandool valley moreless consistency in mean postpartum
anoestrus interval was observed with no signifiogo®t 2.41+1.03; Fy, 2) =5.41,
P=0.15; Table 53) difference in mean postpartumesitos interval from first to
fourth parity. In Maidan valley mirror image of Bah valley was observed.
Regression analysis of variance showed a non-gignif (b=8.02+3.06; k, »)=6.88;
P=0.12; Table 53) increase in mean postpartumsstterval with ascending parity.

Season: Mean postpartum anoestrus interval inoeléd different seasons in Talash,
Jandool and Maidan valley is shown in Table 54.rBsgjon analysis of variance
revealed no significant difference in mean postparianoestrus interval of Achai
cows among different seasons in Talash (b= 8.92ZF%, ») =9.16; P=0.09; Table
55) and Jandool valley (b= 4.25+1.23;; )= 11.87; P=0.07; Table 55). However, in
Maidan valley, Achai cows calved in winter seasenensignificantly ({22 = 2.50;
P=0.02; Table 54) longer postpartum anoestrusvatghan Achai cows calved in

spring season.

Achai cattle breed, its productive and reproductive performance under traditional management system in District Lower Dir, NWI-:P, Pakistan 94



Results

Table 51. Postpartum anoestrus interval (days) of Achai cows in first, second,
third and fourth parity in Talash, Jandool and Maidan valley of District L ower
Dir, NWFP.

Valleys
Parity Talash Jandool Maidan
First 118.3333.21 (03) 90.#710.41 (13) 75.A411.31 (07)

Second  106.24 9.66 (21) 97.0410.59 (27) 95.6010.18 (16)
Third 93.0% 9.74 (19) 98.42 8.63 (19) 91.88 9.15 (18)

Fourth 89.2G:21.83" (05) 98.3213.76 (06) 103.218.03 (07)

Mean 100.0G- 6.33 (48) 96.31 5.35 (65) 92.50 5.67 (48)

MeantSE

( ) = number of cows

a=First parity vs second, third and fourth parity
b= Second parity vs third and fourth parity

c= Third parity vs fourth parity

P<0.05*

Table 52: One-way analysis of variance showing differences in mean postpartum
anoestrus interval of Achai cows among Talash, Jandool and Maidan valley of
District Lower Dir, NWFP.

Source of variation df SS MS F P
Between valleys 2 1350.13 675.06 0.37 690.
Within valleys 158 290955.85 1841.49

Total 160 292305.97
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Table 53: Regression analysis of variance of postpartum anoestrus interval on
parity in Talash, Jandool and Maidan valleys of District L ower Dir, NWFP.

Valley df SS MS F P

Talash b=-10.06+1.49 Regression 1 505.82 505.82 45.11 0.02
Residual 2 22.42 11.21

Total 3 528.24

Jandool b=2.41+1.03 Regression 1 28.94 28.94 541 0.15
Residual 2 10.69 5.35

Total 3 39.64

Maidan b= 8.02+3.06 Regression 1 321.76 321.76 6.88 0.12
Residual 2 93.46 46.73

Total 3 415.22

Table 54: Postpartum anoestrus interval (days) of Achai cows calved in spring,
summer, autumn and winter seasonsin Talash, Jandool and Maidan valleys.

Valley
Season Talash Jandool Maidan
Spring 85.46:10.99  (13) 94.808.87 (25) 77.287.43 (18)
Summer  96.8A#12.85 (08) 96.336.39 (13) 98.8216.11 (09)
Autumn 95.0Q:27.58  (04) 99.698.47 (11) 97.514.36 (04)
Winter  115.8213.69  (11) 108.64024.37 (05) 115.514.36%" (06)

MeantSE

() =number of cows.

a = Spring vs summer, autumn, winter
b = Summer vs autumn, winter

¢ = Autumn vs winter

P<0.05*
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Table 55: Regression analysis of variance of postpartum anoestrus interval on
season in Talash and Jandool valleys of District L ower Dir, NWFP.

Valley df SS MS F P

Talash  b=8.92+2.95 Regression 1 397.92 397.92 9.16 0.09
Residual 2 86.83 43.41

Total 3 484.75

Jandool b=4.25+1.23 Regression 1 90.48 90.48 11.87 0.07
Residual 2 15.25 7.62

Total 3 105.73
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Conception efficiency.

Data for the study of this reproductive performanas obtained for a total 276 Achai
cows including 69 cows in Talash valley, 112 cowgandool valley and 95 cows in
Maidan valley. One cow each in Talash and Jandali¢yw and two cows in Maidan
valley were recorded that conceived dh <grvice and only one cow was observed
that conceived on"Bservice in Jandool valley.

The percentage of Achai cows conceived after agiiirst, second, third fourth and
more than fourth (fifth and sixth) natural servigelalash, Jandool and Maidan valley
is shown in Table 56. In all the three valleys, oni&y of the cows conceived after
first natural service and the highest percentage wlaserved in Jandool valley
followed by Maidan and Talash valley. The perceetaf cows conceived after
second, third, fourth and more than fourth nataeavices were lesser in all the three

valleys.

Table 56: Number and percentage of Achai cows conceived after availing first,
second, third, fourth and more than fourth (fifth and sixth) natural services in
Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

Valleys

Talash Jandool Maidan
Number of service provided No. % No. % .No %
1st service 47 68.12 81 72.32 68 71.58
2" service 14 2029 18 16.07 13  13.68
3" service 5 7.24 10 8.93 9 9.48
4™ and more than"4(5" and &") 3 4.35 3 2.68 5 5.26
Total 69 100.00 112 100.00 95 100.00
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Calving interval.

The overall mean calving interval of Achai cows wWid$.325.17 days ranging from
360 to 720 days. Calving interval was studied atiogr to valley (Talash, Jandool
and Maidan), parity (parity first, second, thirddafourth) and seasons (spring,

summer, autumn and winter).

Valley: Mean calving interval of Achai cows in Talg Jandool and Maidan valley is
given in Table 57. Mean calving interval of Achaiws was 462.1£09.18 days in
Talash valley, 483.3®8.01 days in Jandool valley and 48@69.70 days in Maidan
valley and there was no significant ¢F.76y= 1.56; P=0.21; Table 58) difference in

mean calving interval among these three valleys.

Parity: Calving interval in relation to parity inalash, Jandool and Maidan valley is
shown in Table 57. Regression analysis of varigable 59) revealed no significant
difference in mean calving interval of Achai cowsang the four parities in Talash
(b= - 2.387+7.53; R1, 2 =0.10; P=0.78), Jandool (b= 11.89+14.61{; F») =0.66;
P=0.50) and Maidan valley (b= 5.32+5.72; F;)=0.86; P=0.45).

Parity-wise comparison of mean calving intervaWestn Talash, Jandool and Maidan
valley revealed significantly (fs) =3.03; P=0.003; Table 57) long mean calving
interval of Achai cows in second parity in Talashlley as compared to Jandool
valley. All other parity-wise comparisons of meaaving interval among the three

valleys were statistically non-significant.

Season: Mean calving interval in relation to seasonTalash, Jandool and Maidan
valley is given in Table 60. Regression analysivariance (Table 61) revealed no
significant difference in mean calving intervalAd¢hai cows among different seasons
in Talash (b= 3.8510.49; F(1, » = 0.13; P=0.75), Jandool (b= -883106; F1, 2 =
4.40; P=0.17) and Maidan valley (b= - 28B89; F(;, ») = 0.21; P=0.69). Season-
wise comparison of calving interval between Tala¥mdool and Maidan valleys
showed significantly (is1) = 2.30; P=0.02) long calving interval of Achai cow
spring season in Jandool valley as compared tosfialalley. All other season-wise
comparison of calving interval among Talash, Jahdow Maidan valley were

statistically not significant.

Achai cattle breed, its productive and reproductive performance under traditional management system in District Lower Dir, NWI-:P, Pakistan 99



Results

Table 57: Calvinginterval (days) of Achai cowsin first, second, third and fourth

parity in Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

Valleys
Parity Talash Jandool Maidan
First 458.3320.78 (09) 442.504.87  (16) 457.5(26.44 (08)
Second  452.4411.23 (32) 509.383.63% " (45) 482.9816.06 (31)
Third 476.0&17.96 (33) 463.232.49  (34) 485.6(6.26 (42)
Fourth  4425@28.13 (06) 497.%21.04  (12) 474.5320.95 (11)
Mean 462.1¢09.18 (80) 483.3®8.01 (107) 480.899.70 (92)

MeantSE

() =number of cows.

a= Talash vs Jandool and Maidan
b= Jandool vs Maidan

P<0.05*, <0.01**, P<0.001***

Table58: One- way analysis of variance showing differencein mean calving
interval of Achai cowsamong Talash, Jandool and Maidan valleys of District

Lower Dir, NWFP.

Source of variation df SS MS F P
Between valleys 2 23212.38 11606 1.56 0.21
Within valleys 276 2048740.85 7423

Total 278 2071953.23
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Table 59: Regression analysis of variance of calving interval on parity in Talash,

Jandool and Maidan valleys of District Lower Dir, NWFP.

Valley df SS MS F P
Talash =-2.387£7.53 Regression 1 28.49 28.49 0.10 0.78
Residual 2 567.16 283.58
Total 3 595.65
Jandool b=11.89+14.61 Regression 1 706.86 706.86 0.66 0.50
Residual 2 2133.28 1066.64
Total 3 2840.14
Maidan b=5.32+5.72 Regression 1 141.62 141.62 0.86 0.45
Residual 2 32725 163.63
Total 3 468.87
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Table60: Calving interval of Achai cows calved in spring, summer, autumn and
winter season in Talash, Jandool and Maidan valleys, District L ower Dir, NWFP

Valley

Season Talash Jandool disfai

Spring  428.7%15.51 (16)  489.735.68%" (37) 475.7322.23 (21)
Summer 476542822 (13)  467.3714.20  (19) 450.0018.09 (12)
Autumn  456.3325.63 (06)  475.210.83 (14) 454.222.13 (07)

Winter 448.3%16.60 (12) 458.9726.73 (07)  465.620.12 (10)

MeantSE

() =number of cows

a= Talash vs Jandool and Maidan
b= Jandool vs Maidan

P<0.05*

Table 61: Regression analysis of variance of calving interval on season in Talash,
Jandool and Maidan valleys of District Lower Dir, NWFP.

Valley df SS MS F P

Talash b=3.8%10.49 Regression 1 74.23 74.23 0.13 0.75
Residual 2 1099.81 549.91

Total 3 1174.04

Jandool b=-8.5%4.06 Regression 1 36244 362.44 4.40 0.17
Residual 2 164.62 82.31

Total 3 527.06

Maidan b=-2.785.99 Regression 1 38.75 38.75 0.21 0.69
Residual 2 35940 179.70

Total 3 398.16
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Dry period.

The overall mean dry period of Achai cows was 912531 days ranging from 20
t0180 days. Dry period was studied according tteydlTalash, Jandool and Maidan),
parity (parity first, second, third and fourth) asehasons (spring, summer, autumn and

winter).

Valley: Mean dry period of Achai cows in Talashndaol and Maidan valley is
presented in Table 62. Mean dry period was 2.8%7 days in Talash valley,
103.3% 4.41 days in Jandool valley and 916%.16 days in Maidan valley. One-
way analysis of variance showed highly significé 171)=10.86; P=0.00004; Table
63) difference in mean dry period of Achai cows agdalash, Jandool and Maidan
valleys. Achai cows in Talash valley have signifitta shorter dry period than Achai
cows in Jandool valley (t19) = 4.47; P<0.001; Table 62) and Maidan valleydg
=2.85; P=0.005; Table 62). However, the differentenean dry period of Achai
cows between Jandool and Maidan valley was stlBtinot significant ({123 =1.86;
P=0.06).

Parity: According to parity, mean dry period of Ackcow in Talash, Jandool and
Maidan valley is shown in Table 62. Regression ymislof variance (Table 64)
revealed a non-significant decrease in mean driogdrom first parity to fourth
parity in Talash (b= - 4.70+2.77; 2 =2.89; P= 0.23), Jandool (b= - 5.42+2.49; F
2y =4.75; P=0.16) and Maidan valley (b= - 3.42+164; » = 4.36; P=0.17).

In first parity, the shortest mean dry period wag alash valley and the longest mean
dry period was in Jandool valley but the differertoetween the two was not
significant (t(13 = 1.24; P=0.24). In the second parity, in Jandadley there was
significantly longer mean dry period compared ttash valley (is3= 3.24; P=0.002;
Table 62). In the third parity the picture is treem® as with the second parity i.e.
mean dry period in Jandool was significantly lontam in Talash valley (¢s= 2.08;
P=0.04; Table 62). All other parity-wise comparisdor mean dry period between

the three valleys were statistically not significan

Season: Mean dry period of Achai cows in relatiowlifferent seasons of the year in
Talash, Jandool and Maidan valley is given in TaBfe Regression analysis of

variance (Table 66) revealed no significant diffexe in mean dry period of Achai
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cows among different seasons in Talash (b= 81/5; F 2 = 5.03; P=0.15),
Jandool (b= - 882.06; F(1, )= 16.29; P=0.06) and Maidan valley (b= -1435; F
@,2=0.13; P=0.75).

In Jandool valley, cows calved in spring seasorehagnificantly longer mean dry
period compared to Talash valley = 2.59; P=0.01; Table 65) and Maidan valley
(t @3y = 2.62; P=0.01; Table 65). All other season-wismparisons among the three
valleys were not significant. In general Achai covasy in mean length of dry period

in the three valleys.

Table62: Dry period of Achai cowsin first, second, third and fourth parity in
Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

Valleys
Parity Talash Jandool Wdan
First 75.0:19.36  (04) 104.542.53 (11) 98.378.57 (07)

Second 77.046.42 (22) 107.884.67* " (33) 95.0& 7.09 (20)
Third 75.0:8.72  (17) 101.008.78%*" (20) 86.58 7.08 (20)

Fourth 60.0G:10.95 (06) 88.23.0.43 (08) 90.63.42 (06)

Mean 74.08 4.57  (49) 103.384.41%*777 (72) 91.6%* 4.16* " (53)

MeantSE

( ) = Number of Achai cows.

a= Talash vs Jandool and Maidan
b= Jandool vs Maidan

P<0.05*, <0.01**, P<0.001***
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Table 63: One- way analysis of variance showing differencein mean dry period
of Achai cowsamong Talash, Jandool and Maidan valleys of District L ower Dir,
NWFEP.

Source of variation df SS MS = =)
Between valleys 2 24950.19 12475.1 10.86 0.00004
Within valleys 171 196330.8 1148.13

Total 173 221281

Table 64. Regression analysis of variance of dry period on parity in Talash,
Jandool and Maidan valleys of District Lower Dir, NWFP.

Valley df SS MS F P

Talash b=-4.70+2.77 Regression 1 110.64 110.64.89 2 0.23

Residual 2 76.53 38.27
Total 3 187.17

Jandool b=-5.42+2.49 Regression 1 147.15 147.15.75 4 0.16
Residual 2 61.94 30.97
Total 3 209.09

Maidan b=-3.42 £1.64 Regression 1 58.52 58.52 4.83617
Residual 2 26.83 13.41
Total 3 85.34
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Table65: Dry period of Achai cows calved in spring, summer, autumn and
winter season in Talash, Jandool and Maidan valleys of District L ower Dir,
NWFP.

Valleys

Season Talash Jandool Raid

Spring  78.7% 9.62 (12) 110.006.79%7° (27) 83.3% 7.14°7°(18)
Summer 73.3315.09 (09) 108.2811.58  (17) 93.3811.67  (09)
Autumn 86.2512.81 (04)  100.0610.52 (07) 96.004.70  (05)

Winter  95.0: 5.00 (06) 85.00 9.22 (06) 76.677.26 (09)

MeantSE

() =number of cows.

a= Talash vs Jandool and Maidan
b= Jandool vs Maidan

P<0.05*, <0.01**, P<0.001***

Table 66: Regression analysis of variance of dry period of Achai cows on season
in Talash, Jandool and Maidan valleys of District Lower Dir, NWFP.

Valley df SS MS F P

Talash b=6.1%2.75 Regression 1 190.16 190.16 5.03 0.15
Residual 2 75.53 37.77

Total 3 265.69

Jandool b=-8.32.06 Regression 1  344.45 344.45 16.29.06

Residual 2 42.30 21.15
Total 3 386.75
Maidan b=-1.734.75 Regression 1 14.98 14.98 0.13 0.75

Residual 2 22582 112.91

Total 3  240.80
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Discussion

Physical characteristics

Most domestic animal species display a wide varietycoat colors which is
determined by the ratio of eumelanin and pheomelamhair and skin (Olson, 1999;
Barsh, 2001; Klungland and Vage, 2003). Higher eotration of eumelanin imparts
a black coat color while increase in pheomelanimesponsible for a yellowish or

reddish coat color in cattle (Seo et al., 2007).

In the present study on Achai cows and bulls ira3la) Jandool and Maidan valleys
of District Lower Dir, NWFP, the dominant coat colabserved was spotted reddish
brown. There was no significant variation in coaloc of the cows and bulls among
these three valleys. Also no gender differenceevadserved. The reason could be
the similar geographic conditions of these vallédscording to Finch and Western
(1977) and Seo et al. (2007), it is the prevailivagural selective forces rather than
social preferences that determine coat color dlecain Bhutanese yak, black coat
color is considered as an adaptation to the nagmakronment in which it survives
(Dorji and Tshering, 2006). Coat color variation Hthiopian indigenous sheep
population has been found to be highly associaiéid @cological variation (Gizwa et
al., 2007). Achai cattle is different from Loharatite (Khan et al., 2005) found in
Dera Ismail Khan and Bannu Districts (southern omgof North West Frontier
Province of Pakistan) in that the body color of &phcattle is red splashed with
white spots. The coat color of Achai cow is reddisbwn either solid or spotted but
the spots are large compared to Lohani cattle &haat splash the basic coat color.
Rojhan is another cattle breed found in parts akDgmail Khan and Bannu Districts
of North West Frontier Province of Pakistan and teascoat with white spots (Khan
et al., 2005). White spots in Rojhan cattle bressl @ large size as compared to
Achai cows and bulls. Majority of the Achai bulloin Talash and Maidan valley
have horns of light brown color at base with blabktinge in the upper part of the
horn, whereas those from Jandool valley have hoftight brown color at base with
grayish in the middle and black in the upper pathe horn upto the tip. A significant
(P=0.04) difference in the distribution of colorktbe horns was observed in these
three valleys. Nakimbugwe and Muchunguzi (2003) Whatzinger et al. (2006) are
of the view that color, size and shape of horns areng the most important

phenotypic features used as selection criteriauits tompared to cows. This is just
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possible that in the present study in these thraéeys the farmers may have
exercised their own preference in the case of hdWassignificant difference was
observed in the distribution of colors of the egbks, muzzle, hooves and switch in
these three valleys both in Achai cows and Achdisb&arkar et al (2007) also
reported no significant variation in color patteincoat, muzzle, eyelids, hooves and
switch in Deshi cattle studied from three differaagro-climatic zones of West

Bengal, India.

Morphometric characteristics.

Phenotypic as well as genetic characterization reeds of domestic animals are
essential for designing appropriate breeding, mamamt and conservation strategies
particularly in developing countries (Zulu, 2008gerBiouly, 2008). Phenotypic

characteristics are important in breed identifmati evaluation of breeding goals,
assessment of type and function of the animalseatichation of the animal value as
potential breeding stock (Mwacharo and Druker, 200Bvacharo et al., 2006).

Evaluation of morphometric characteristics periatlic have also been used to

identify population experiencing inbreeding depi@s$Zulu, 2008).

In the present study no significant difference whserved in face length, ear width,
horn length (along the greater and smaller curedfunrorn circumference (at the base
and just below the tip of the horn), neck lengtd amcumference, dewlap length and
width, rump length and width, length below kneenjpihoof circumference and talil
length of Achai cows between these three valleysrptometric traits of Achai cows
with significant difference among the three vallew®re ear length (P=0.02),
circumference of horn at mid region (P=0.04), chieegth (P=0.03), loin length
(P=0.03) and switch length (P=0.01). In Achai huilie significant difference was
recorded in horn length (along the greater and lemalirvature), horn circumference
(at the base, mid region and just below the tighaf horn), dewlap width, chine
length, rump width, hoof circumference and switehdth between Talash, Jandool
and Maidan valleys. Significant difference was reded in height at wither
(P=0.003), face length (P=0.0001), ear length (@34), ear width (P=0.0006), neck
length (P=0.01), loin length (P=.007), rump len@?+0.008), length below knee joint
(P=0.02) and switch length (P=0.01) of Achai bullstween these three valleys.

Significant differences in morphometric traits weilso observed by other workers.
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Pundir et al. (2007) reported significantly higivatues for heart girth, body length,
height at withers, ear length and tail length imkatha cattle breed ( an indigenous
cattle breed of Utter Pradesh and Madhya Pradestssof India) from district Banda
compared to those from district Lalitpur of UttaraBesh state of India. Berthouly
(2008) studied height at wither, body length, hegnth, ear length and thorax depth
in Hmong cattle (an indigenous breed) in 8 differestrdits of Ha Giang province of
Vietnam and reported significant difference in Inéigt wither among these districts.
However, Bostime (2005) reported no significanteeff of four different agro-
ecological zones (represented by veld type) ontlgdh, body length and shoulder
height (height at withers) in Nguni cattle in SoWfrica. Sarkar et al (2007) also
reported no significant difference in chest gittedrt girth), body length and height at
withers in Deshi cattle between three differentoagiimatic zones of West Bengal,
India. Differences in these morphometric traitstipatarly of the length (chine, loin,
rump) and height measurements (height at withegtlebelow knee joint) of Achai
cows and bulls indicate genetic differences in sizeoth Achai cows as well as bulls
as the skeletal measurements such as body heigheagth, ulna length and chest
depth are less affected by nutrition and more hyetles thus indicate inherent size
better than measures related to muscles and fasdiem such as width (hip width,
shoulder width) and girth measurements (chest)gatid body weight (Searle et al.,
1989; Kamalzadeh et al., 1998). Although in thiglgtcastrated and intact bulls were
taken combined for morphometric measurements, Gimehyga et al. (2008)
reported significantly higher values for heart lgitheight at withers, body length and
rump width of the castrated bulls than intact buafsTarime zebu cattle breed in
Tanzania and attributed this difference to the faat castration imposes accretion of
subcutaneous fats, which in turn affect body measents. Morphometric
measurements of castrated and intact Achai butislditherefore be studied to find

out the effect of castration on morphometric measients in this breed.

Mwacharo et al. (2006) reported that the linearybdonensions (heart girth, body
length, height at withers, height at rump, faceytbnear length, tail length) of Maasai
zebu cattle were significantly greater than thasKamba zebu cattle due to harsher
environment in terms of nutrition and disease undaich the Kamba zebu is reared.
Achai cows also face harsher conditions relatedutition in valleys under study.

The reason may valid for their shorter stature tinam of other cattle breeds found in
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Pakistan as Achai cows and bulls are the smallieatl ahe currently known cattle
breeds of Pakistan (Table 67).

Combined data of all the three valleys revealed thex of the Achai cattle

significantly affects all the studied morphomettraits except face length. Achai
cows have highly significantly longer (P<0.001) amider ears (P<0.001), long neck
(P=0.02), long loin (P<0.001) and wider rump (P€Q)than Achai bulls. On the

other hand, Achai bulls have significantly highedues for heart girth (P<0.001),
body length (P<0.01), height at withers (P<0.0@E)jght at hip bone (P<0.001) and
also have long (P<0.001) and thick horns (P<0.001igker neck (P<0.001), long

(P<0.001) and wider dewlap (P<0.001), long chine0(P01), long rump (P<0.001),
longer leg below knee joint (P<0.001), large hoofumference (P<0.001) and long
tail (P<0.001) and switch (P<0.001) than Achai coisvacharo et al. (2006) also
reported significant (P<0.001) effect of sex onrhegrth, body length, height at

withers, height at hipbone, face length and taigte with higher values for bulls than
cows of Massai zebu and Kamba zebu in East Afriuandir et al. (2007) also

reported significantly higher values of heart gitody length, height at withers, face
length, ear length, horn length and tail length botls than cows of the Kenkatha
cattle breed in India. Bulls of the Baila and Anpaattle of Zambia have been
reported to be significantly taller and longer tleanws (Zulu, 2008). Sex differences
in morphometric measurements of Achai cattle bregld the male having relatively

greater values for majority of the traits studiedealed sexual dimorphism in this
breed. Sex-related differences resulted from sdferdntial hormonal effects on

growth (Zulu, 2008). However, Raiji et al. (2007poeted no significant effect of sex
of Bunaji cattle breed on height at withers, hegnth, body length, tail length, horn
and ear length in Oyo State of Nigeria. Chenyamleigal. (2008) also reported no
significant effect of sex of Tarime zebu cattledmteon height at withers, body length

and heart girth in Tanzania.

The overall mean (based on combined data of alfie= valleys) ratio of heart girth
to height at withers (HG: HW) of Achai cows (1.32804) observed in the present
study was comparable to that reported in Kuri c¢&82) in Africa (Tawah et al.,
1997), Massai zebu cows (1.31) and Kamba zebu ¢bw®$) in Kenya (Mwacharo et
al., 2006). However, the overall mean ratio of hegith to height at withers (HG:
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HW) of Achai bull (1.3%0.01) observed in this study was higher than the H®&
ratio of bulls (1.29) of Kuri cattle breed (Tawahat., 1997) but less than Massai
zebu bulls (1.33) and Kamba zebu bulls (1.37) afyee(Mwacharo et al., 2006).

Combined data for the three valleys showed sigamtiy lower ratio of body length to
height at withers (14y= 2.37; P=0.02) and rump width to height at with@rs.4) =
13.14; P<0.001) for Achai bulls compared to cowdidating that bulls are shorter
with respect to height at withers and narrow bodiedump with respect to height at
withers than Achai cows. According to Mwacharo kt(2006), short, smaller and
compact animals are better at pulling plough forgker hours than larger and taller
animals. The same reason may be valid for shoricanpact body of Achai bulls as
they are used for pulling plough in the hilly temraf the valleys under study. In
contrast to the present study, Mwacharo et al.@2@€ported low values for the ratio
of body length to height at withers for Massai zedows (1.05) and Kamba zebu
cows (1.08) in Kenya as compared to Achai cows0)1.Blowever, the ratio of body
length to height at withers reported by Mwacharale{2006) for Massai (1.09) and
Kamba zebu bulls (1.12) were higher than Achaig(1l08) observed in the present
study. The ratio of rump width to height at witheeported in the present study for
Achai cows (0.30+0.002) and Achai bulls (0.26+0.)002s lower than reported for
Nigerian cattle like Skoto Gudali (0.34), White &uil (0.33) and N,Dama (0.32) and
also for Aryshire (0.45) and Friesian cattle (0.48all, 1999).

The present study provide breed descriptor (phlyaizd morphometric) as laid down
by FAO (1986) for the first time for Achai cattleat can subsequently be used as
selection criteria for the conservation and devalept of Achai cattle breed (Yakubu
et al., 2010)

Productive performance.
Standard 305-day milk yield.

The overall mean 305-day milk yield of Achai coweeded during this study was
1426.31+30.23 liters. It was 1217.04+53.05 litensTialash valley, 1560.14+36.88
liters in Jandool valley and 1501.76+47.76 litensMaidan valley. Variable results
regarding milk yield have been reported for daiajtle breeds (Sahiwal, Red Sindhi,
Cholistani) of Pakistan in literature. Javed et(2000) reported 1862.42+42.08 kg
milk yield in Sahiwal cows kept at Livestock Expmant Station Jahangirabad,
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Khanewal, Pakistan. On the other hand, Bhatti.et28l07) reported 1440.80 kg milk
yield in Sahiwal cows while analyzing data fromefidifferent Government farms in
Punjab province of Pakistan. In Red Sindhi cowsstdia et al. (2002) reported
1531+34.80 kg milk yield at Government Red Sinditile farm Baluchistan whereas
Aslam et al. (2002) reported 1780.40+68.64 litefsnolk at Barani Livestock
Production Research Institute, Kherimurat, Punjabkistan. In Cholistani cows,
Chaudhry et al. (1983) reported 1470.93+595 kg (x8Bidk yield whereas Ashfaq
(2000) reported 1219.24+44.84 kg milk yield undarni condition in Punjab
province of Pakistan. The present study revealadAkbhai cows produces more milk
than the draft breeds of Pakistan like BhagnarD(192+27.02 kg; Wahid, 1975 a),
Dhanni (763.86+12.87 kg; Joshi and Phillips, 1963)-1317 liters, Wahid, 1975 b),
Lohani (907.2kg; Joshi and Phillips, 1953; 800-10i@€s; Khan et al., 2005) and
local cows (breed not mentioned) of North West ResrProvince (1269.7 kg; Syed
et al., 1994).

In Talash valley mean 305-day milk yield was siguaintly lower than in Jandool

(P<0.0001) and Maidan (P=0.0002) valleys. This haydue to comparatively less
availability of fodder in Talash valley than thehet two valleys. The significantly

higher 305-day milk yield in Jandool and Maidanntfialash valley provide a scope
for the improvement of milk yield of Achai cattleéat could be achieved through
proper selection for higher milk yield, better mgement and feeding (Musa et al.,
2005; Cilek and Tekin, 2005; Pundir and Singh, 2007

No significant effect of parity on 305-day milk jdewas observed in the present
study in Talash (P=0.56), Jandool (P=0.77) and Btaidalley (P=0.95). Rehman et
al. (2006) also reported non-significant effect mdrity (considering first three
parities) on milk yield in Sahiwal cows in Pakistatowever, Lee and Kim (2006)
and Gader et al. (2007) reported significant eftdgbarity on 305-day milk yield in

Holstein cows in Korea and Friesian cows in Sudspectively.

Seasonal variation in milk production has been restteely studied with variable
results in different breeds of dairy cattle in eiffnt countries like Malawi (Chagunda
et al., 2004), Mexico (Parra-Bracamonte et al.,520UThailand (Konig et al., 2005),
Pakistan (Rehman et al., 2006; Ahmad et al., 208i&ef et al., 2008), Sudan (Gader
et al., 2007) and Czech Republic (Frelich et &08). Milk production in cows is
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affected by environmental stress like ambient teaipee, humidity, thermal
radiation, air speed and rainfall directly or imaitly through the availability and
quality of feed (Keown and Grant, 1991; Johnsom419Bouraoui et al., 2002;
Chagunda et al., 2004; Parra-Bracamonte et al5)28dth heat and cold stress affect
milk production in dairy cattle. The optimum milkquluction was at temperature
ranging from 5°C to 15°C. At temperature rangesvéeh 5°C to 0°C and 15°C to
25°C, loss in milk production was nominal (WMO, 998Keown and Grant (1991)
reported 37.78 °C (100 °F) ambient temperatures8a@ftl humidity as lethal ranges
for milk production in cattle. In the present studly significant effect of season on
305-day milk yield was observed in Achai cows. Hoere 305-day milk yield was
the highest in Achai cows calving during springssemin the three valleys (Talash,
Jandool and Maidan). This season may be favorablenflk production because of
availability of green fodder during spring. Ambigatnperature ranges from 16.23 °C
to 22.41 °C and relative humidity ranges from 57768 in Talash, Jandool and
Maidan valleys of District Lower Dir (District Cems Report Lower Dir, 1999) and
these factors are also favorable for milk product®yed et al. (1994) also reported a
non-significant effect of calving season on 305-dalkk yield in local and crossbred
cows in the central valley of Peshawar, North Wrsintier Province, Pakistan. In
Sahiwal cows, Shafiq et al. (1995) reported thahlmoed first three lactation milk
production was not significantly different in difesmt seasons. Chagunda et al. (2004)
also reported non-significant effect of calving smaon 305-day milk yield of the
first three lactations in Holstein Friesian cowsMalawi. In Holstein upgraded cows
in Northern Thailand, Konig et al. (2005) also fdumo significant effect of calving
season on 305-day milk yield. On the other hanldjraseason had been reported as
a significant source of variation in milk productidoth in indigenous cattle breed
(Sahiwal cattle breed; Tahir et al., 1989; Rehmntaal.e 2006) and exotic cattle breed
like Jersey and Holstein Friesian (Ahmad et alQ72Q ateef et al., 2008) in Pakistan.
Parra-Bracamonte et al. (2005), Gader et al., (R@dd Frelich et al. (2008) also
reported significant difference in milk productialuring different seasons in dual
purpose breed in southern Mexico, Friesian breedudan and crossbred cows

(Czech pied x Holstein) in Czech Republic respetyiv
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Birth weight.

Male Achai calves.

The overall mean birth weight of male Achai calvesorded in the present study was
16.88+0.27 kg. It was 17.%0.43 kg in Talash valley, 16.40.50 kg in Jandool
valley and 16.740.48 kg in Maidan valley. This was comparable ® Iirth weight
of male calves (16.00+1.52 kg) reported in Red t@hdng calves in Bangladesh
under rural management system (Khan et al., 208@her birth weight than the
Achai calves observed in the present study werertegh in NDama calves in Ghana
(18.49 kg; Tuah and Danso, 1985), Bhagnari calmeBakistan (26.36 kg; Wahid,
1975 a), Tharparker calves in India (21.27+0.27Bigattacharya et al., 1999), calves
of the local cattle in Peshawar, North West Frarfievince, Pakistan (21.97+0.4 kg;
Syed et al., 1994) and Gaolao calves in India @834 kg; Yadav et al., 2001).
Calves with light birth weight than male Achai aadvwere Namchi (13.27+0.44 kQ)
and Kapsiki (13.19+0.42 kg) in Cameroon (Eban@let2002) and Khariar calves in
India (10.55+0.21 kg; Dhal et al., 2007). This a#ion in birth weight may be due to
breed differences (Syed et al., 1994; Ebangi e@02; Mondal et al., 2005).

Parity number significantly affect male birth weigin Achai calves and a
significantly increasing trend in birth weight widdvancing parity number from
parity first to third was seen in Talash (b=0.28638; F, 1) =9747; P=0.006) and
Jandool valley (b=0.16+0.006;F 1) =768; P=0.02). Nagaracenkar et al. (1981) also
reported significant effect of parity number ontlbviweight of Tharparker calves with
an increasing trend from parity first to fifth. Rgrwas also found as a significant
source of variation in birth weight of Charoliadarereford calves with lower birth
weight of calves born to first parity cows compateaalves from higher parity cows
(Eriksson et al., 2004). The higher birth weight aafives with advancing parity
number indicates high influence of intra uterinevilonment of dams on the birth
weight of calves (Nagaracenkar et al.,, 1981). Tihigease in birth weight with
increasing parity number might be due to increagascularization of the uterus
during first pregnancy (Khong et al., 2003) andatge blood volume expansion
during second pregnancy (Campbell and MacGillivra@84) thus facilitating
relatively greater foetal growth in subsequent peegies. Furthermore, the cows
during early lactations were not fully grown andighcontinued to grow till attaining

an adult size. This appeared to influence the hirgight of calves in later parities
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(Shehzad et al., 2010y herefore, proper feeding of first parity Achai wuring
gestation particularly second and third trimestan é¢mprove birth weight of the
calves (Spitzer et al., 1995; Zhang et al., 2002)Maidan valley, no significant
(P=0.55) effect of parity was observed on birthgheiof male Achai calves in the
present study. Non-significant effect of parity ren on calf birth weight has also
been reported in Gaolao calves in India (Yadav let2801), Holstein calves
(Nogalski, 2003) and Gascon calves in Czech RepyBlires et al., 2008).

Female Achai calves.

The overall mean birth weight of female Achai clewabserved in the present study
was 14.54+0.26 kg. Mean birth weight of female Adatalves was 14.30+£0.46 kg in
Talash valley, 14.46+0.45 kg in Jandool valley 4dd62+0.37 kg in Maidan valley.
Higher birth weight than the present study havenlreported in Bhagnari calves in
Pakistan (23.18 kg; Wahid, 1975 a)Didma calves in Ghana (17.69 kg; Tuah and
Danso, 1985), Tharparker calves in India (20.88%X&@; Bhattacharya et al., 1999),
Gaolao calves in India (17.48+0.02 kg; Yadav et 2001) and Kapsiki calves in
Cameroon (15.76+0.40 kg; Ebangi et al., 2002). Harelower birth weight than
Achai calves has been reported in Namchi calve€ameroon (12.16+0.50 kg;
Ebangi et al., 2002) and Kharair calves in Indid420.22 kg; Dhal et al., 2007).

No significant effect of parity on mean birth weighf female Achai calves was
observed in the present study in Talash (b= - @O F 1) = 0.04; P=0.87),
Jandoo (b= 0.73+0.67; [ 1)= 1.16; P=0.47) and Maidan valley (b= 0.10+1.1%; §

= 0.007; P=0.95). Yadav et al. (2001) also reponea-significant effect of parity on
birth weight in Gaolao calves in India.

Effect of calf sex on birth weight.

Combined data of all the three valleys revealed thale Achai calves were highly
significantly (t(102)= 6.11; P<0.001) heavier than female Achai cabtdsirth. Valley

wise comparison of mean birth weight of male anchdle Achai calves showed
significantly heavier birth weight for male Achealves than female Achai calves in
Talash (P<0.001), Jandool (P=.01) and Maidan vdglRsy.002). Significantly higher

birth weight of male calves compared to female eslhhave also been reported in
Tharparker calves in India (Nagaracenkar et al31J9NDama calves in Ghana
(Tuah and Danso, 1985), Belgian Blue calves (Coapetaal., 2004) and Gascon
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calves in Cameroon (Bures et al., 2008). Howeverasignificant effect of calf sex
on birth weight was reported in West African Shorthcalves in Ghana (Tuah and
Danso, 1985), Gaolao calves in India (Yadav et28Q1) and Namchi and Kapsiki
calves in Cameroon (Ebangi et al., 2002). Highelerbath weight might be due to
the effect of breed, sex, hormonal influence andemal effect as male calves grow
faster than female calves in uterus (de Zeghek. ,e1209; Bhattacharaya et al., 1999;
Loos et al., 2001). Calves born with heavier biviksight tend to grow faster (Yadav et
al., 2001), show better performance in the pre-wepmgrowth period (Khan and
Khan, 1999) which tended to be leaner (Moloney Bmennan, 2006). Therefore,
selection of Achai calves on the basis of highethbiveight will result an increase in
this trait (Ahmad and Kumbhar, 1975) and will ateduce the cost of maintenance of
animals (Yadav et al., 2001).

Reproductive perfor mance.

Pubertal age.

The overall mean pubertal age of Achai cows obskimethe present study was
1147.7318.26 days. In Talash valley mean pubertal age ohah cow was
1144.29+45.18 days whereas it was 1161.00+22.4% dayJandool valley and
1125.00+£39.04 days in Maidan valley. There wasignificant (F , 92y = 0.343; P=
0.71) difference in mean pubertal age of Achai cows betwthese three valleys.
Achai cows have late pubertal age than other chtdeds of Pakistan like Sahiwal
cows (1041+16 days; Ali and Farooque, 1989), Rewll8i cows (1024.8627.54
days; Mustafa et al., 2003), Cholistani cows (6083..90 days; Chaudhry et al.,
1983), Bhagnari cows (987.224.73 days; Azam et al., 2001), Tharparker cows,
Lohani cows and Dhanni cows (891 days, 900 days9d@ddays respectively; Afzal
and Naqvi, 2004). Achai cows also attain pubertiatr age than crossbred cows in
Bangladesh (837189 days; Sarder, 2006), crossbred cows in easbevtand of
Ethiopia (786 days; Mureda and Zeleke, 2007), Ralaancows (83%312 days;
Bishop and Pfeiffer, 2008) and crossbred cows steea Himalaya, India (8380
days; Kumaresan et al., 2009). Late pubertal age Acthai cow was reported in local
cows in Peshawar, North West Frontier Province jdeak (1372169.3 days; Syed et
al., 1994), Fogera cows and their crossbred inhneastern Ethiopia (12184 days;
Gebeyehu et al., 2005), Khariar cows in India (12243.61 days; Dhal et al., 2007)
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and crossbred cows in Bangladesh (1208303.80 days; Azizunnesa et al., 2008).
Late onset of puberty in cattle have been attribui® genetic factor (Mukasa-

Mugerwa, 1989; Abeygunawardena et al., 1994; Naguet al., 2004; Asseged and
Birhanu, 2004), poor nutrition (Shiferaw et al.,030) Rekwot, 2004; Mureda and

Zeleke, 2007) and poor management (Mustafa e2@0D3; Sarder, 2006; Kumaresan
et al., 2009).

Late onset of puberty in Achai cows could be redutteough genetic selection and
improved nutrition and this can in turn reduce teneration interval and thus

increase the rate of genetic gain and optimizeodkmtive performance (Rekwot,

2004; Nogueira, 2004).

Postpartum anoestrusinterval.

The overall mean postpartum anoestrus interval rgbde in this study was
97.33t3.40 days whereas it was 100.00+6.33 days in Talady, 96.31+5.35 days
in Jandool valley and 92.50+5.67 days in Maidanleyal Postpartum anoestrus
interval varies for cows from different countriés.countries like Ethiopia this was 98
days for indigenous zebu and crossbred cows raarsdallholder system (Kassa,
1990). In Sanga cattle breed (Zebu x West Africanrthorn) postpartum anoestrus
interval reported was 10%0.0 days (Obese et al., 1999). Similarly, Friesiaed
Dane, Mashona and crossbred cows maintained undefl scale commercial
production system in Zimbabwe had postpartum aneeshterval of 104610.6
days (Masama et al., 2003). Shorter postpartumsanseinterval than the present
study has been reported in Small East African Zebws (8%11 days) in Ethiopia
(Mukasa-Mugerwa et al., 1991), Charolais cowstg72 #SD) days), in France
(Mialon et al., 2000) and Thai x Holstein-Friesiamssbred cows (63.43.81) in
Thailand (Boonbrahm et al., 2004). However, comgdcethe present investigation,
longer postpartum anoestrus interval has been tegpor Sahiwal cows (130.40.88
days) in Pakistan (Tahir et al., 1992) and crossloiary cows (141 days) in central
Ethiopia (Lobago et al., 2007).

Postpartum anoestrus interval of 933! days in Achai cows observed in this study
crosses the recommended value for postpartum ansesterval in dairy cows which

is less than 6@ays (Farin and Slenning, 2001; Zdunczyk et alQ220In literature
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there are very few studies which found postparturoeatrus interval less than 60
days in cows (Berka et al., 2004; Boonbrahm efal4).

As nutrition and suckling are the major factoreeafing postpartum anoestrus interval
(Montiel and Ahuja, 2005) along with poor heat data (Kuthu et al.,, 2007).
Therefore, improvement in the management regandirigtion, both during pre- and
post calving period, minimal suckling and bettestogs detection can reduce the
postpartum anoestrus interval in Achai cows (Mulkasgerwa et al., 1991; Kuthu et
al., 2007).

In Talash valley a significant (P=0.02) reductian mean postpartum anoestrus
interval was observed from first to fourth parititmthe longest postpartum anoestrus
interval in first parity Achai cows and shortest faurth parity. This longer
postpartum anoestrus interval in first parity inlakh valleys may be due to
nutritional stress as Rhodes et al. (2003) and Nauend Zeleke, (2007) are of the
view that greater nutritional stress for growth dadtation in first parity cows
prolonged postpartum anoestrus interval. Matiko aét (2008) also reported
significantly longer postpartum anoestrus interwvalyounger zebu cows (first and
second parity) in Morogoro, Tanzania.

In the present study, no significant effect of aav season was observed on
postpartum anoestrus interval of Achai cows in Slaland Jandool valley. In Maidan
valley, a significant effect of calving season vedosserved on postpartum anoestrus
interval of Achai cows with significantly (P=0.02pnger postpartum anoestrus
interval in winter calvers compared to spring cedvelhis variation in postpartum
anoestrus interval observed in this study may leetdiseasonal fluctuation in quality
and quantity of feed as one of the factors. Rhadesd. (2003), Lyimo et al. (2004)
and Montiel and Ahuja (2005) are also of the samiaion regarding short and long
postpartum anoestrus interval of cows calving fifetent seasons. Significant effect
of calving season was reported in Sahiwal cows akidean with the shortest
postpartum anoestrus interval in cows calved inngpseason compared to other
seasons of the year (Ahmad et al., 1989). Obesé €1999) reported significantly
short postpartum anoestrus interval in Sanga c@ahsng in dry season (November
to March) than rainy season (April to October) irhaBa. Significantly short
postpartum anoestrus interval was also reportedrassbred cows calving during
summer season (March to June) compared to autuasorsgJuly to October) in
Sudan (Abdalla and Elsheikh, 2008).
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Conception efficiency.

The percentage of Achai cows conceived at firsunatservice was 72.32% in
Jandool valley, 71.58% in Maidan valley and 68.1i2% alash valley. Soydan et al.
(2009) reported 71.6% conception rate to first iserin multiparous Jersey cows in
Turkey. Lower percentage of first service conceptiate than the present study has
been reported in crossbred dual-purpose sucklimg @0 Venezuela (58.20%; Perea-
Ganchou et al. 2005), Zebu and their crossbred aovighiopia (55.5%; Lobago et
al., 2006), Holstein Friesian and crossbred cowdram (45%; Ansari-Lari and
Abbasi, 2008) and crossbred cows in eastern Hiraaleygia (44.4%; Kumaresan et
al., 2009). However, higher percentage of concepdiofirst service was reported by
Kanuya et al. (2000) in Friesian, Aryshire and dgisows (85%) in Tanzania.

The percentage of Achai cows conceived at firstiserobserved in the present study
is better than the recommended value for this (red0%, Radostites, 2001). This
could be due to breeding system as cows underatditgeding system (49%) has
significantly (P<0.05) higher conception at firgrngce than Artificial Insemination
(32%) (Kanuya et al., 2000) and breeding time pasting as cows bred during the
period of 60-120 days post-calving have conceptate at first service of 60.6%
compared to 54% for the cows bred60 days post-calving (Perea-Ganchou et al.,
2005). It was observed in the present study thaAcows are bred beyond 60 days.
In the present study, Achai cows conceived afteorseg service were 20.29% in
Talash, 16.07% in Jandool and 13.68 % in MaidateyalChaudhry et al. (1989)
reported 20.19 % Holstein Friesian x Sahiwal crossltows conceived after availing
second service whereas this percentage was 27.ft8 3ersey x Sahiwal crossbred
cows in Pakistan. Indetie et al. (2007) reporteh X8 the cows (Friesian, Ayrshire,
Guernsey and Jersey) that required two insemimationconception in smallholder
dairy farms of Nakuru district of Kenya. Achai cowsnceived after third service
were 7.24 % in Talash valley, 8.93 % in Jandodleyadnd 9.47 % in Maidan valley.
Chaudhry et al. (1989) reported higher percentdgelaistein Friesian x Sahiwal
(12.99 %) and Jersey x Sahiwal crossbred cows 1% Bconceived after availing
three services. Indetie et al. (2007) also repohigtier percentage (19%) of cows
(Friesian, Ayrshire, Guernsey Jersey) in smallhottiery farms of Nakuru district of
Kenya that required more than 3 inseminations famception. The percentage of
Achai cows conceived at fourth and more than fosehvices in Talash (4.35 %),
Jandool (1.79 %) and Maidan valley (5.26%) was lowan Friesian x Sahiwal
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(18.31 %) and Jersey x Sahiwal crossbred cows ¥3.8eported by Chaudhry et al.
(1989) and Sahiwal cows (14.89% ) reported by Kétal. (1992) in Pakistan. The
percentage of Achai cows that require more thand®reices for conception (Talash
valley, 11.59%; Jandool valley, 11.61%; Maidan,7446) indicates subfertility in the
herd. Therefore, hormonal (short term), nutritioraedium term) and genetic (long
term) approaches should be exploited to treat stiliifein Achai cows to optimize

reproductive performance (Royal et al., 2000).

Calving interval.

The overall mean calving interval of Achai cows @bved in the present study was
476.3&5.17 days and it was 4624@0.18 days in Talash valley, 483:88.01 days
in Jandool valley and 480.669.70 days in Maidan valley with no significant
(P=0.21) difference in the trait between thesedlvaleys.

The overall mean calving interval observed in Achaws is comparable to that
reported in crossbred cows in eastern Umbra maumégion of Tanzania (4284
days: Swai et al., 2007), Friesian and Aryshirdeat rural highland area of northern
Tanzania (477 days; Kanuya et al., 2000) and Zehvsdn Tanzania reared under
traditional agro-pastoral system (428.7 days; Matiko et al., 2008). Calving interval
less than that of Achai cows were observed in bresscows in Greater Rajshahi
district of Bangladesh (4389 days; Sarder, 2006), Sahiwal cows in PakistafafZ
et al., 2008), Holstein Friesian and crossbred dovwsars province of Iran (388 days;
Ansari-Lari and Abbasi, 2008) and Boran cows in Zeama (463.61.93 days;
Mwatawala and Kifaro, 2009). However, long calvintgrval than the present study
were reported in Zebu cows in Tanzania (BI®6 days; Kanuya et al., 2006),
crossbred cows in eastern lowland of Ethiopia (884s; Mureda and Zeleke, 2007),
Rawandan cows (5@456; Bishop and Pfeiffer, 2008) and crossbred covmesastern

Himalaya, India (53825.3 days; Kumaresan et al., 2009).

For a profitable dairy enterprise, a calving intdrgf 365 days is usually regarded as
ideal (Hafez, 1993), which can only be achievethé calving to conception interval
(service period) is less than 90 days (Masama.e@03). But this ideal calving
interval is not feasible for all types of productisystems. The recommended calving
interval in US dairies is 405 days (Britt, 1981)dam Texas dairies is 420 days
(Tomaszewski et al., 1981). Under tropical condgiothe recommended calving
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interval for dairy production is 430 days (MujudB91; Kanuya, 1992). The overall
mean calving interval of Achai cows (476t£5/17 days) observed in this study is
longer than the recommended calving interval (42(syl for cows in tropical
countries. Long calving interval adversely affeitts profitability of dairy enterprises
because cows spend a greater portion of theirtiaotat low production level,
reduced the number of calves born, extra vetericasts, more services, enforced
culling and higher replacement costs (Kanuya et24100; Esslemont et al., 2001;
Swai et al., 2007; Medina et al., 2009).

Calving interval depends upon early return to aemsstand conception efficiency
(Malau-Aduli et al., 1996). Therefore, efficient n@agement that reduces the
postpartum anoestrus interval and improve concegfficiency like proper nutrition,

proper heat detection and timely breeding can reduadving interval and improve
reproductive performance in Achai cow (Obese et H199; Mustafa et al., 2003;
Rehman et al., 2008; Zafar et al., 2008).

No significant effect of parity on calving interwahs observed in Talash, Jandool and
Maidan valleys. Similarly, non-significant effedtmarity on calving interval has been
reported in Friesian cows in Pakistan (Sattar ¢t28l05), crossbred cows in central
Ethiopia (Lobago et al., 2007) and Holstein Friesand crossbred cows in Iran
(Ansari-Lari and Abbasi, 2008). Contrary to thignsficant effect of parity has been
reported in Sanga cows in Ghana (Obese et al.,)188&ssbred cows in Ethiopia
(Mureda nad Zeleke, 2007) and Sahiwal cows in Raki&Zafar et al., 2008).

In the present study, no significant effect of s@asn calving interval was observed.
Non-significant effect of season on calving intémwas also observed by Turkyilmaz
(2005) in Friesian cows in Ayden. However, sigrafit effect of season on calving
interval was reported in Bhagnari cows (Azam et a001), Red Sindhi cows
(Mustafa et al., 2003) and Friesian cows (Sattat.eP005) in Pakistan.

Dry period.

The overall mean dry period observed in the presémidy was 91.52.7 days
whereas it was 74.884.57 days in Talash valley, 103138.41 days in Jandool valley
and 91.6%2 4.16 days in Maidan valley.
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In dairy cows the recommended length for dry peigo80 to 60 days for optimum
milk production (Bachman and Schairer, 2003; Grumamel Rastani, 2004; Annen et
al., 2004; Kuhn et al., 2005; Gallo et al., 2008ean dry period of Achai cows
observed in this investigation is longer than ta@ommended range for dry period. It
has been reported that dry period above 70 daysdbadnental effect on lifetime
milk production in dairy cows (Kuhn et al., 2005ulth et al., 2006; Kuhn et al.,
2007). It has been observed that days open andualgncalving interval had the
greatest impact on dry period and cows with lorggving interval had longer days
dry (Cilek and Tekin, 2005; Kuhn et al., 2005; Kutral., 2006). Therefore, reducing
calving interval in Achai cows will enhance theddmlity of shortened dry period and
thus improved lifetime productivity (Ahmad and Ahtal981; Kuhn et al., 2005;
Kuhn et al., 2007).

Shorter dry period than the present study was tegon Italian Friesian cows (627
days; Gallo et al., 2008) and Holstein Friesian arassbred cows in Iran (68 days;
Ansari-Lari and Abbasi, 2008). Longer dry perioariithat of Achai cow has been
reported in Red Sindhi, Dhanni, Dajal, Lohani, Rwjhand crossbred cows
(198.9£17.17 days; Aslam et al., 2002), Friesian cows @240 days; Sattar et al.,
2005) and Sahiwal cows (1¥2.44 days; Zafar et al., 2008) under farm condgionm
Pakistan.

In the present study no significant effect of pagh dry period was observed in the
three valleys. Sattar et al. (2005) also reportedignificant effect of parity on dry
period in Friesian cows in Pakistan. However, Ga#lb al. (2008) reported
significantly shorter dry period after first paricpmpared to later parities in Italian
Friesian cows. Contrary to Gallo et al. (2008), ahsl et al (2002) reported
significantly longer dry period during first parigpmpared to later parities in various
indigenous cattle breeds of Pakistan like Red Sjddajal, Lohani, Rojhan, Dhanni
and crossbred (crosses of Red Sindhi and Dhanhikriésian and Jersey cows).

No significant effect of season was observed on mhgiod in Achai cows in the
present study. Similar to the present investigatimm significant effect of calving
season on dry period has been reported in HolBtgsian, Jersey and their crossbred
with Red Fulani, White Fulani and Gudali cows inn@&aoon (Djoko et al., 2003),
Simmental cows at the Kazova state farm (Cilek &ekin., 2005) and Sahiwal cows
in Pakistan (Zafar et al., 2008).
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The prevailing environmental conditions in the #realleys are quite different
particularly in terms of availability of water anfddder. Talash valley is worst
affected because of scarcity of water and cropivaibn which directly affects
fodder availability. The other thing about Talastley is that breeding of Achai cows
in this valley is restricted to within valley. Tlo®ws are not exposed to cows from
Jandool and Maidan valleys. In other words inbnegd$ practiced to a large extent,
because of which productive and reproductive aspact affected in downward
direction. Migration of cows from other two valleisalmost negligible, which also
affects the productive and reproductive performapeeause there is no gene flow
from other valleys.

On the other hand, Jandool valley has the bestrwessurces and crop production
and the cows have better access to fodder. Thereigsation of cows between
Jandool and Maidan valley which has positive effext productive and reproductive
performance because of mixing of two gene poolsid&ta valley also has better
water resources and crop production. In the casdadhsh valley, people are
following their old custom to not to mix up theiows with cows from other valleys.
This is what was revealed by residents when theyewasked in this regard.
Traditions are fixed part of life and normally this difficult to change them.
However, people from Talash valley can be educatetlstrategies can be given to

improve productive and reproductive performance.
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Table 67: Comparison of some mor phometric measurements (cm) of Achai cattle with other
cattle breeds of Pakistan.

Breed Sex Heart girth Body length Height at wither Source
Achai Cow 134.33+0.60 112.20+0.77 101.80+0.42 Rrestidy
Bull  140.50+1.12 116.26+1.02 107.62+0.68 Presantyst
Lohani Cow 139.78+1.58 114.96+0.79 111.84+1.07 Jastl Phillips (1953) *

Bull  160.02+2.06 129.11+3.05 121.92+1.65

Rojhan Cow 152.40 124.46 106 Shah (1953) *
Bull 163.83 134.62 120.65

Dhanni Cow 160.02 129.54 114.30 Singh and SingBg)L9+
Bull  190.50 152.40 134.62

Dhanni Cow 142 137 119 Khan et al.(1982)
Bull 182 162 132

Sahiwal Cow 174.75 137.67 127.97 Shah (1953)
Bull  209.55 164.34 139.70

Sahiwal Cow 168.91 134.62 121.92 Joshi and Phi(li8%3)
Bull 182.88 147.32 137.16

Red Sindhi Cow 158.37+0.91 128.88+1.04 120.73+0.68  Joshi and Phillips (1953)

Bull  175.56+1.90 139.70+0.18 130.81+1.22

Red Sindhi Cow 155 127 115 Khan et al.(1982)

Bull 185 145 132

Tharparker Cow 165.66%1.35 133.25+0.84 126.24+1.04  Joshi and Phillips (1953)

Bull 184.66+1.60 139.95+1.24 130.81+0.99

Bhagnari Cow 169.15+2.34 134.11+1.02 129.54+064 975 a) *

Bull  189.74+1.80 156.03+0.94 145.64+0.68

Dajal Cow 205 145 136 Khan et al. (1982)

Bull 167 137 126

* The measurements taken in inches by Singh anghSit©36), Joshi and Phillips (1953), Shah (1953)
and Wahid (1975) were converted into centimetersh(ix 2.54).

¢ Singh and Singh (1936) studied Dhanni cattle keefoe partition of India and Pakistan in District
Rawalpindi, Jhelum and Attock which are now incldde Pakistan.
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Conclusion

1. The physical characteristics of both Achai cawmsl Achai bulls did not differ

significantly among Talash, Jandool and Maidaneyesll

2. Achai bulls are significantly larger than themso Gender differences were also
observed in other morphometric traits indicatingusg dimorphism in the two sexes.
Males are distinct compared to females due to ladiag significantly different from
the cows: obviously there must be genetic varighit the two sexes.

3. Achai cattle are the smallest in heart girthigybtength and height at withers of all
the cattle breeds of Pakistan.

4. Achai cows have low milk yield (1426.31+30.2&1s) than the dairy cattle breeds
of Pakistan like Sahiwal (1862.42+42.08 kg) and Baulhi (1531+34.80 kg). They
are better in milk production than Bhagnari (13@&37.02 kg), Dhanni (770-1317
liters) and Lohani (800-1000 liters) cattle breeti®akistan.

5. Male calves are significantly heavier than fesralves at birth.

6. Achai cows have late onset of puberty and hawng postpartum anoestrus interval,

long calving interval and long dry period than teeommended values.

7. Achai cows in Talash valley have significantbwl standard 305-day milk yield
and short dry period than cows in Jandool and Meiddleys. However, birth weight,
pubertal age, postpartum anoestrus interval, cdimcepfficiency and calving interval

did not differ significantly among the three vakey

8. Parity did not significantly affect 305-day mifield, birth weight of female calves,
calving interval and dry period in all the thredleys except birth weight of male
calves in Talash and Jandool and postpartum amsdsterval in Talash valley.

9. Seasonal differences in 305-day milk yield, pagum anoestrus interval, calving
interval and dry period were also non-significant all the three valleys except
postpartum anoestrus interval in Maidan valley.

10. Achai cows have significant variation in morpteiric measurements, productive
performance and the effect of parity and calvingissa on birth weight and

postpartum anoestrus interval among the threeyslleindicates that valleys should
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be given due consideration while designing congemaand improvement plan for

Achai cattle

11. The present study was conducted for the fire tfor Achai cattle and the
findings obtained can be used as baseline datdetatify pure Achai cattle on the
basis of physical and morphometric characteristicd improve its productive and
reproductive performance with the potential appheaadiscussed for improving these

parameters.
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SUGGESTIONS FOR FUTURE STUDIES




1.

In the current study, traditional measures of ligytiike postpartum anoestrus
interval, conception efficiency and calving intdrfeave been investigated.
Physiological parameters of fertility such as tlemmencement of luteal
activity postpartum, ovulation time, lifespan ofrgos luteum, pattern of
estrus cyclicity and maintenance of pregnancy,sseseby milk progesterone
levels, are necessary to be investigated to ol&mmation on the inherent
capability of Achai cows to resume ovarian cycdjigtostpartum which are

useful for selecting cattle for improved fertility.

. There is need to investigate the causes of laterpalbage, long postpartum

anoestrus interval, long calving interval and lahy period and to devise

strategies to optimize these reproductive perforasan

Studies should be conducted on the existing managenfeeding and
breeding system to find out the weaknesses andhttoduce a systematic

management system to optimize the productivity cha cattle.

The high milk producing Achai cows should be breithwAchai bulls from
high milk producing dams to find out the transmiticapabilities of milk

yield traits in the next generations.

Comparative evaluation of productive and reprodecperformance of Achai
cows and crossbred cows should be conducted witk eraphasis on the cost
of production so that the breed/breeds of choiecebmranked and promoted

in specific environment.
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ANNEXURE




No

Annexurel

Questionnaire:

Annexure

Name of the respondent

Date

Village

Valley (Tick)

Talash

Jandool

Maidan

Herd composition of Achai cattle

Type

Number

Achai cows

Heifers

Female calves

Male calves

Bulls

Pubertal age of Achai cows/heifers

Type

No. of Cow/heifer

Pubertal age (months)

Achai cows

Cow No.1

Cow No.?2

Cow No.3

Cow No.4

Cow No. 5

Heifers

Heifer No. 1

Heifer No. 2

Heifer No. 3

Heifer No. 4

Parity number, calving season and calf sex of Acbais

Cow No.

Parity No. Calving season Sex of the calf

Cow No.1

Cow No.?2

Cow No.3

Cow No.4

Cow No. 5
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Postpartum anoestrus interval of Achai cows (mgnths

Annexure

Cow No.

Postpartum anoestrus interval (months)

Cow No.1

Cow No.?2

Cow No.3

Cow No.4

Cow No. 5

Conception efficiency of Achai cows

Number of natural services provided

Achai cows

¥ [2f

3 4th

5th 6th

7th 8th

Cow No.1

Cow No.2

Cow No.3

Cow No.4

Cow No. 5

Calving interval of Achai cows (months)

First parity

Second parity

Third parity

Foupthrity

Achai cows

Cow No.1

Cow No.?2

Cow No.3

Cow No.4

Cow No. 5

Dry period of Achai cows (months)

First parity

Second parity

Third parity

Foupthrity

Achai cows

Cow No.1

Cow No.2

Cow No.3

Cow No.4

Cow No. 5
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