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T he s e n s it iv it y - o f the sw itch -back  or dou ble-reversa l design fo r  
research on dairy cattle is w id e ly  recogn ized . B asically , this design  
perm its the com parison o f tw o  treatm ents, a lthough chan ge-over 
•designs o f the Latin-square or round-rob in  typ e  m ay be  used fo r  the 
com parison o f m ore than tw o treatm ents. T he m ain advantage o f  these 
designs is that th ey  perm it the com p lete ly  random  allotm ent o f  the 
anim als to the treatm ent sequences, because the design  and the 
m ethod o f analysis autom atically rem ove  from  experim enta l error the 
betw een -cow  variation  in produ ction  leve l and m ost o f  the variation  
in  persistency. Thus, grouping or pairing o f  anim als fo r  sim ilarity 
prior to allotm ent or fo r  balancing cow  differences across treatm ents 
becom es com pletely  unnecessary. This is a v ery  great advantage parti­
cu larly  in sm all herds o f  dairy cattle w h ere  pairing o f cow s is alm ost 
an im possibility.

D E SIG N
i

F or m inim um  experim ental error w ith  the sw itch -back  design, it is 
im portant that the cow s should have passed the lactation  peak at the 
com m encem ent o f the experim ent and no cow s should have passed 
five, m onths o f gestation  at the close o f  the experim ent. F our R ed 
Sindhi. and eight Sahiw al cow s at the D ry  Zon e R esearch Station, 
M aha Illuppallam a, that satisfied these requirem ents, w ere  allotted at 
random  to tw o  lots, A  and B, o f  six  cow s each. T hree o f the cow s 
w ere  in their first lactation, three in the second, and the rem aining 
s ix  w ere  in their th ird  or later lactations. Supplem entary concentrate 
feed in g  accord ing to lev e l o f produ ction  w as g iven  to  all cow s included 
in. the experim ent.
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Lots A  and B w ere  p laced  on the fo llow in g  treatm ent sequences :
Experiment period Treatment sequences

1st to 27th day 2
28 th to  54th day 3
55th to  81st day 2

Lot A Lot B
X  milking 3 X milking
X milking 2 X m ilk ing
X milking 3 X milking

W h ere m ilk ing w as carried  out tw ice  daily, the hours o f m ilk ing 
w ere  4 a.m. and 4 p.m . ; fo r  3 X m ilk ing the hours w ere  4 a.m., 12 noon  
and 8 p.m.

T o  elim inate any possib le carry -over  or residual effects, the perfor­
m ance o f  cow s du rin g  on ly  the last tw enty  days o f  each experim ental 
p eriod  w as used fo r  the statistical analysis described below . It m ay 
be  noted  h ere  that other designs and m ethods o f  analysis exist w h ich  
perm it the estim ation o f  residual effects w ithou t deleting the perfor­
m ances from  the earlier portions o f the periods. In  the present experi­
m ent, h ow ever, the residual effects, if  any, w ere  o f  no particular 
interest and w ere  th erefore  not studied.

RESULTS

T he data from  the experim ent are show n in Table 1.
TABLE 1—Milk Yield Data in Pints in the Switch-back Experiment to determine the-

Effects of 2 X  and 3 X milking

Lot Cow No.
PERIOD

1st to 
7 th day

8th to 
27th day

28th to 
34th day

35th to 
54th day

55 th to 
61st day

62nd to 
81st day

(2 X ) (2 X ) (3 X ) (3 X ) (2 X ) (2 X )
A AD 97 73 218 78 222 71 193

AD 70* 60 168 59 175 60 188
AD 145 63 176 66 184 55 153
AD 122 75 221 75 206 64 179
AD 38 79 229 83 224 68 175
AD 156 59 168 65 181 52 148

(3 X ) (3 X ) (2 X ) (2 X ) (3 X ) (3 X )
B N 223 56 158 51 130 53 141

AD 57 88 252 76 204 81 204
AD 104 66 218 71 182 68 192
E 69 76 242 83 223 76 196
AD 126 67 200 72 188 70 174
AD 96 80 250 81 231 89 231

* The milk yield of cow No. AD 70 was adversely affected from the 43rd 
to the 45th day of the experiment by the illness and subsequent death 
of her suckling calf. Her yield during these three days was therefore 
corrected on the basis of her yield on the day prior to the calf’s illness.
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Using only the data fo r  the periods 8 to 27 days, 35 to 54 days and 
62 to 81 days fo r  the analysis, the error variance w as fou n d  to be 
514.73, w hile, the sum o f squares fo r  the com parison  o f  2 X and 3 
x  m ilk ing w as 8008.33.

H ence, F  =  8008.33/514.73 =  15.56 w h ich  is a h igh ly  significant value 
fo r  degrees o f  freedom  1 and 10.

The m agnitude o f the increase in  y ie ld  from  2 X m ilk ing  to 3 
X m ilking m ay be readily  com puted from  Table 1. It w ill be seen that 
the average daily y ie ld  per cow  w as 6.6 per cent h igher w hen  she w as 
m ilked thrice daily as com pared w ith  2 X m ilking.

D ISC U SSIO N

Parr and Sen (1947) cla im ed that in  Tharparker cow s  at K arnal, an. 
increase in  average da ily  y ie ld  o f 47 per cent w as obtained b y  fou r 
tim es m ilk ing and special handling. U nfortunately , in  their exp eri­
m ent, the effects o f 4 X m ilk ing and handling on the one hand, and 
o f age on the other, had been  con founded , and the m ethods used b y  
these authors to separate out the tw o  groups o f  effects w ere  not quite 
satisfactory. ..

W ith European cow s, increases in y ie ld  o f the order o f  20 to 25 p er 
cent have been  obtained from  3 X as com pared  w ith  2 X m ilking. 
Lush and Shrode (1950) suggests m ultip ly in g  3 X records b y  0.80 
w hen  they are first lactations and b y  0.833 w h en  they are later ones fo r  
correctin g  them  to the basis o f  tw ice-a -day  m ilking. T heir data also 
hinted the possib ility  that the d ifference betw een  2 x  and 3 X m ilk ing 
is even  larger than 4 : 5 at ex trem ely  y ou n g  ages.

B y com parison, the average d ifference in y ie ld  o f  6.6 per cent 
betw een  2 X and 3 X m ilk ing obtained in  the present experim ent is. 
o f very  sm all m agnitude indeed. The leve l o f  m ilk  production  in Red. 
S indhi and Sahiw al cow s, w h ich  w as o f  the order o f  9.8 pints per 
cow  per day in this instance, is so m uch low er than in  European 
anim als that perhaps the effect o f the extra  m ilk ing in  re liev ing  
pressure in  the udder is negligible. T he additional expenditure that 
w ou ld  be  in cu rred  in sw itch ing over from  2 X to 3 X m ilk ing  o f  these 
cow s w ou ld  not be  adequately  ba lanced  b y  the increase in  produ ction  
to  w arrant the adoption  o f  3 X m ilk ing as routine farm  practice.

S U M M A R Y

A  statistically significant increase in m ilk  y ie ld  w as obtained in  R ed  
Sindhi and Sahiw al cow s b y  increasing the frequ en cy  o f  m ilk ing from  
tw o to three tim es per day. T he num erical m agnitude o f  this increase
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was fou n d  to be  o f the order o f 6.6 per cent. P rom  an econom ic point 
o f v iew , this increase does not appear to w arrant the adoption  o f 3 X 
m ilk ing as routine farm  practice  in herds o f Indian dairy cattle.
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