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ABSTRACT 

In New Zealand , t he sys t em of  produc t i on of the seasonal 

supply farms i s  based on grazed pas ture and small quan t i t i es o f  

conserved herbage throughou t the year . The e f f i ci ency wi t h  

whi ch that  conserved pas ture i s  u t i l i zed by t h e  animal and i t s 

e f fe c t  on 

sys tem . 

e f f e c t  

t h e  sward will  affect  the profi tabi l i ty of  t he 

The obj ec t ive o f  the present s tudy was t o  assess t he 

of  hay supplemen t a t ion at  two d i fferen t herbage 

allowances during the winter . Pregnan t ,  non-lac t a t i ng Fries i an 

cows were randomly alloca t ed to four t reatmen t s  in  a 2x2 

fac tor ial des ign .  The four t rea tmen t s  were : Low herbage 

allowance wi th  hay ( LA+ ) or wi thou t hay ( LA) , and high herbage 

allowance wi th  hay ( HA+ ) or wi thou t hay ( HA) . Hay was fed at 5 

kgDM/ cow/dai ly , and the two pas ture herbage allowances were 9 . 1  

and 1 3 . 4  kgDM/ cow/daily . 

Higher herbage al lowance increased the herbage dry mat t er 

( DM )  i n take , to tal DM in take , to tal me tabo l i zable energy ( ME)  

i n t ake and res idual herbage mass . 

Supplemen t ing wi th  hay resul ted in increases in  to tal DM 

i n t ake and ME intake , despi t e  the low concen trat ion of the hay 

compared wi t h  the herbage , and decreases in herbage DM in take 

a t  bo th  herbage allowances . The decreases in herbage in take 

were 0 . 28 and 0 . 40 kg herbage OM eaten per kg hay DM eaten , a t  

t h e  lower and higher herbage allowances res pec t ively . The 

correspondi ng values , expressed as MJME , were decreases of 0 . 44 

and 0 . 65 MJME from herbage per MJME eaten as hay . The 

decreases in  herbage in take resul ted in increases in  res idual 

herbage mass a t  bo th  allowances . 

The f inal livewe igh t and body cond i t ion were increased by 

the higher herbage allowance and by Hay supplemen t a t i on .  

However ,  mat ernal l i vewei gh t  gain was higher for HA than for 

HA+ cows . 



i i i  

There were large increases in wat er drunk ( by 2 . 1  and 1 . 5  

fold ) by the supplemen ted cows . However , supplemen t a t ion d i d  

no t i ncrease t he to tal water  consumed . The ' ex t ra '  water drunk 

per kg hay OM eaten was higher at the low than a t  the h igh 

allowance . 

Hay supplemen t a t i on reduced the t ime the cows spen t 

graz i ng and increased the ruminat ing t ime during the day t ime . 

The results  o f  the present s tudy emphas ize  t he importance 

of hay as a supplemen t during the winter . I t  is  impor t ant  t o  

consider t h e  reported effec t s  when planning the u s e  o f  hay a s  a 

supplement for  non-lac tat ing cows . 
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INTRODUCTION 

The knowledge of  the in ter-rela t ionships be tween plan t s  

and ani mals is  fundamen tal to  progress i n  the con t rol  and 

man i pulat ion of graz ing sys t ems ( Hodgson , 1 985b ) . The overall 

e f f i c i ency of  a graz ing sys tem mus t imply the 

soi l-plant -animal-envi ronmen t complex , cons idering no t only the 

bio logi cal benefi t ,  bu t also t he economi cal one . 

The eff ici ency of  u t i l i za t ion o f  grassland in  New Zealand 

is wel l  recogni zed ( Scot t , 1982 ; Peel , 1986 ) . The s t rength  of  

New Zealand ' s  agricul ture i s  largely dependent on  the e f f i cient  

use o f  pas toral graz ing lands and a minimum use of  cap i tal 

in t ens i ve farm managemen t sys tems . 

in tegra t i on of  phys ical , 

socio-economi cal and human fac tors . 

I ts success i s  based on t he 

animal , env i ronmen tal , 

In thi s  sys tem , the ca t t le 

are fed on grazed pas ture and small  quan t ities of  conserved 

herbage t hroughout the year . 

An i mportan t  aim of  farmers is  to  maximize i ncome or 

prof i ts f rom given resources . Thi s  requi res a sys t em whi ch 

balances per head and per hectare produc t i on in such a way to  

maximize  pro f i t .  A high pro f i tabi l i ty i s  j eopard i zed by t he 

seasonal fluctua t i ons in  pas ture grow t h ,  that genera t e  defici t s  

dur ing t h e  winter and summer .  

Pas ture conservat ion has been used as an aid  t o  graz i ng 

management  during the spring and as a means of  conve r t i ng 

surplus o f  green material in to  well preserved produc t s ,  to  f i l l  

the def i c i t s  be tween pas ture growth and animal requi remen t s  

( Holmes and �ilson , 1984 ) . Thi s  should be done wi t h  minimal 

losses in quali ty  and quan t i ty at reasonable cos t. 
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In seasonal supply farms i n  New Zealand , surplus pas ture 

is conserved as hay or s i lage in  spring ,  and fed back to s tock 

as par t o f  a mai n tenance or supplemen tary rat i on duri ng the 

winter . Hay has been used as an impor t an t  feed supply for feed 

budge t (Ridler and Holmes , 1986 )  

Pas ture hay and s i lage occupied an area o f  approxima tely 

436 , 3 10 ha , where 73% was conserved as hay and the remaining as 

s i lage . For dai ry cat t le farming , during 1985 the e s t imated 

quan t i t ies  of  grass and clover hay and s i lage produced were 

about 7200 , 000 and 1 ' 063 , 000 t ons of  fresh ma t ter respec t i vely 

( D . S . N . Z . , 1985 ) .  

The presen t s tudy repor ted the effec t s  o f  hay 

supplemen t a t ion during the winter  in graz ing ,  non-la c t a t ing ,  

pregnan t cows allocated t o  two herbage allowances . 



CHAPTER 2 
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2 REVIEV OF LITERATURE 

2 . 1  MANAGEMENT OF FEEDS AND FEEDING DURING THE VINTER . 

The win ter  managemen t  for dai ry farms wi th spring calving 

herds has several aims that  will  af fec t the produc t iv i ty of  the  

whole farm duri ng the year . The priori  t i es of autumn-winter  

managemen t  are t o  ensure : 
- The accumula t i on of  suf f i cient  high gual i ty pas ture to  

ensure high levels of  feed ing in early lac ta t ion . 

Tha t the cows are in  adequat e  body cond i t ion when they 
calve at the end of win t er . 

- Achi eving cond i t ions to  enhance the cool season grow th  
o f  pas ture , prevent the  accumulat ion of  dead ma ter ial 
and was tage o f  pas ture and avo id  the damage of pas ture 
by pugging . 

In many cases these aims cannot be ful f i lled 

s i mu l t aneously . The pas ture cover in spring on a par t i cular 

s i tua t i on depends on fac t ors such as win ter pas ture growt h  

ra t e ,  t ime of  calving and pat tern , expected level o f  product ion 

and s tocking rate (Mill igan et al , 1987 ) . In general , the 

quan t i ty recommended as cover presen t during early lac tat ion i s  

be tween 1400-1800 kgDM/ha ( M i l l igan e t  al , 1987 ) ,  However ,  

Bryan t ( 1984 ) and Holmes and Vi lson ( 1984 ) sugges ted around 

2000 kgDM/ha pas ture cover for early spring .  

Hay , fed during the win ter as a supplemen t wi th  

res t r i c t ed quan t i t ies of  pas ture to  non-lac ta t i ng cows , can 

a f fec t all  of these aims , bu t in par t i cular the f i r s t  and 

s econd . 

The effec t s  of  hay are due t o :  

- A pas ture-sparing effec t , because hay included i n  the d i e t , 
allows some pas t ure to be removed from t he die t . This  i s  
l i ke ly to  have a d i rect  e f fec t o n  the quan t i ty o f  pas ture 
presen t on the farm a t  the end of  winter . 
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- A d i e tary-energy boos t i ng e f fec t , because the feed i ng of  hay , 
may allow the cows t o  be given a higher feed in take than i f  
t hey had been forced t o  rely solely on grazed �as ture . Th is  
w i ll obviously have a d i rect  effect  on the cow s cond i t i on 
a t  the end of  winter . 

- Finally , the pas ture-spar ing effect  may cause an i ncreased 
rate  of  pas ture regrowth  dur ing win ter , due to a reduct ion 
i n  the int ens i ty of graz ing and the consequent increase i n  
leaf area remaining a f t er graz ing . This  e f fect , i f  presen t ,  
w ill  influence t he quan t i ty o f  pas t ure present on the farm 
at the end of winter . 

Thi s  review of  l i t era ture wi ll  d iscuss : 

- The management o f  feed ing during the winter  on the seasonal 
supply dairy farm , and tfie role of supplementary feed ing . 

- The many factors af fec t ing the use o f  supplemen t ary feed ing . 

The fac tors whi ch con t rol  the food intake of ca t t le in  
general , and graz ing ca t t le in  par t i cular . 

2 . 1 . 1  Level of  Feed ing i n  Early Lac tat ion. 

Underfeed ing dur ing early lac t a t i on resul ted in a 

reduc t ion i n  produc t ion , no t only in milk yield bu t also in  

l i veweigh t  and cond i t i on score (Bros t er , 1971 , 197 2 ; Grainger et  

al , 198 2 ;  Bros ter and Bros ter , 1984 ; Bros ter e t  al , 1984 , 
-------

S tockdale e t  al , 1987 ) . Bryan t and Trigg (198 2 )  summar i zed 

several experimen t s  from Aus tralia and New Zealand and 

concluded that  on average a 38% res t r i c t ion in DM intake 

resul ted in a reduc t i on of 24% in mi lkfa t yield , generally 

reduced pro tein  and SNF con t en t  of milk .  

The t ime (Grainger and Wi lhelm , 197 9 )  and the durat ion o f  

t h e  underfeeding ( Bros ter and Bros ter , 1984) affec t ed t he animal  

performance . Bryan t ( 1980) and Treacher e t  al ( 1986 )  concluded 

tha t  good feed ing after  calving wi ll no t en t i rely compensa t e  

for poor feeding before calving , i f  the cows calve i n  low body 

cond i t ion s core (Grainger et al , 1982 ) . Although a pos i t i ve 

i n t erac t i on be tween body cond i t ion a t  calving and feed ing level 

i n  weeks 1-5 for milk and milkfat yi eld ( 20 weeks ) was found by 

Grainger e t  al ( 1982 ) .  
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Res idual Effects  The consequences o f  underfeeding pos t calving 

are no t only rela ted t o  the period o f  underfeeding but  also t o  

t he period immed ia tely a f t er i t .  Underfeeding dur ing early 

lac t a t i on has shown a res i dual effect  af ter  the peri od o f  

under feed i ng .  Bryan t and Trigg ( 1982 ) repor t ed an average 

res idual ef fect  whi ch was 0 . 5  t imes the immediate  e f fect  o f  

under feedi ng .  Thi s  con t ras t ed wi th the early informa t ion o f  a 

res idual e f fect  of  three or more t imes the immed iate  ef fec t  

(Wallace , l958 ; Bros ter , l972 ) . 

Bros ter  and Thomas ( 1 981 )  sugges ted that t he residual 

e f fec ts  are affec ted by the level of  feed ing af ter  the 

underfeed ing .  M i lk produc t i on is  af fected by the quan t i ty o f  

feed o n  o ffer and t he body reserves mobi l ized (Bros ter and 

Bros ter , l984 ) . 

2 . 1 . 2  Liveweight , Body Cond i t ion a t  Calving and i ts E f fect  on 

M i lk Produc t ion . 

Body condi t ion s core i s  related to  the fat con t en t  of t he 

ani mal ' s  body (Gray e t  al , l981) and may provide  a be t t er 

es t ima t e  o f  the body energy reserves than would be provided by 

measuremen t o f  the l i veweight (Holmes e t  al , l98 1 ) .  Body 

cond i t ion is a reliable guidel ine to determine t he energy 

feed i ng level during the dry period ( Wiktorsson , l979 ) . 

The absolute  l iveweigh t or body condi t ion a t  calving , and 

no t the rate  of change of l i veweigh t or body cond i t ion , i s  the 

i mpor tant fac tor affect i ng future milk yield (Rogers e t  

al , 1979 ; Grainger e t  al , 1982 ; King e t  al , 1985 ) . Ne i ther the 

type o f  diet or the pa t tern of  feeding before calving had a 

measurable influence on subsequen t l iveweight , m i lk yield or 

compos i t i on if  the cows calve a t  s imi lar weigh t  ( Hu t ton , 1972 ; 

Rogers e t  al , 1981 ) .  
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The body reserves achi eved before calvi ng 

ava i lable for mi lk p roduc t ion in  early lacta t i on .  

become 

Bu t ton 

( 197 2 )  and But ton and Parker ( 1973 )  reported that  

calvi ng i n  be t ter cond i t ion produced more mi lkfa t . 

al  ( 1979 ) concluded from a series  of  experimen t s  

the cows 

Rogers  e t  

that body 

cond i t ion or l iveweight of the cows at calving is the impor t an t  

fac tor  affect ing subsequen t milk produc t i on rather than the 

ra te  of  change . Grainger et al ( 1982 ) found a pos i t ive l inear 

correla t i on be tween cond i t i on s core at calving and milk y ield 

for  the range o f  3-6 body condi t ion score( scale 1-8 ) . Simi lar 

response was repor ted by Bolmes et al ( 1985 ) for h igh and low 

breed ing i ndex cows . 

Bryan t ( 1985 ) recommended that condi t i on score a t  calving 

should be abou t 5 ( scale 1-10 ) . An ex t ra 10 kg of  l ivewe ight 

at  calving increased mi lkfa t yi eld in  2 . 9  kg ( Bryan t , 1982 ) . 

The pos s i ble reason of  the lower yield of the cows in poor 

cond i t ion at calving was that they par t i t ioned a higher 

propor t i on of  feed energy to  recover liveweigh t at the expense 

of m i lk produc t ion than did cows in  be t ter cond i t ion .  

Fa t cows a t  calving a t e  less than thin cows ( B i nes , 1976 ; 

Forbes , 1980 ; Bros ter and Thomas , 198 1 ;  Bolmes e t  al , 198 1 ;  

Grainger and McGowan , 1 982 ; Bines and Moran t , 1983 ) . Grainger 

e t  al ( 1982 ) reported that  the effect  di sappeared by the 8 week 

o f  lac t a t i on .  Meanwhi le Kroll  e t  al ( 1986)  found that  cows of  

lower cond i t ion score a t  calving achi eved maximum DM  in take 

earl i er t han those of  higher score . 

Cows calving in thinner body cond i t i on ate  more pas ture 

i n i t i ally than the fat ter  cows wi thin a limi t .  Very thin cows 

a t  calving do no t express t he i r  maximum theore t i cal in t ake , 

pos s ibly due t o  deple t ion of body pro tein  levels (B ines , 19 7 9 ) . 

However , cows on ext remely fat body cond i t ion 4 . 0  ( s cale 1-5 )  

produced less milk per lac tat i on ,  and los t more l ivewe ight 

af ter  calvi ng ( Reid et  al , 1986 ) . 
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M i lk fat  con tent  o f  the cows of higher body cond i t ion was 

h igher compared wi th  cows wi th lower cond i t i on score ( Grainger 

e t  al , 1982 ) . 

Gray and Mat thews ( 1982 )  have shown that  t he condi t i on 

s core was useful as a guide to  feed ing management dur ing the 

win ter . 

Body condi t i on a t  calving had a pos i t ive effec t on 

reducing the anoes t rus i n terval ( 5 . 7  days/B . C . ) . (Grainger e t  

al , 1982 ) . However ,  Treacher e t  a l  ( 1986 ) d i d  no t find a 

s igni f i can t d i f ference in  reproduc t ive performance between thin 

and fat  cows , al though the thinner cows tended to  perform 

be t ter . 

To achieve a winter  feed plan i t  is  necessary to  

in t egrate  fac tors l i ke :  drying off  date , cond i t ion s core , 

breed , calving date and pa t tern , previ ous summer and autumn 

graz ing managemen t ,  level of feed ing af ter calving , 

supplements , pas ture res t r i c t i on and ro t a t i on leng th during the 

win ter . 

2 . 1 . 3  Win t er Managemen t .  

2 . 1 . 3 . 1  Win ter ro t a t i on .  

The influence o f  winter  ro ta t ion on pas ture and animal 

performance has been s tudi ed ex tens ively duri ng recen t years in 

Aus t ralia  and New Zealand . Slow rota t i ons ( 80-120 days ) during 

the winter , resul t ed i n  large d i fferences i n  the amount o f  

pas ture p resent in  early lacta t i on compared wi th  fas t ro t a t i ons 

( Brougham , 1970 ; Bryant and Cook , 1980 ; San t amar i a  et al , 1980 ; 
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Holmes and Hoogendoorn , 1985 ; Bryant and L ' Hui ller , 1986 ) . The 

influence of the amoun t of pas ture presen t at calving and i ts 

consequences i s  d i scussed briefly . 

Pas ture Growth  during the Winter The influence of  winter  

rota t i on on  winter  pas ture grow th i s  con t rad i c tory . Santamar i a  

and McGowan ( 1982 ) ; Ryan ( 1986 ) and Hoogendoorn ( 1 987 )  

observed that the s low winter ro ta t ion increased the growth  

rate during the winter . Thi s  e ffec t was probably rela t ed t o  

the higher LAI and minimal losses through decay and dea t h ,  bu t 

Bryan t and Cook ( 1980) and Magui re e t  al ( 1984) found no 

s igni f i can t di f ferences in pas ture growth  dur ing the winter  

be tween the  large and s low winter  ro tat i on .  Simi lar resul ts  

were repor ted by Parmenter and Boswel l  ( 1 983 ) working wi th  

sheep . 

However ,  Brougham ( 1970)  reported a higher winter growth  

for  t he frequent ( 42 days ) rotat i on compared wi th  the 

infrequent ( 128 days ) one . The d i f ferences reported for winter 

growth  can be related to  envi ronmental cond i t ions 

( Bryan t , 1984 ) , or to  the fac t that the effect  of  ro t a t i on 

length  i s  confounded wi th  the ef fec t of  seve r i ty of  graz ing .  

Around 2200 kgDM/ha was cons idered the cri t i cal RHM t o  ach ieve 

the maximum growth  rate  of the pas ture during the winter  ( Gray 

and Mat thews , 1982 ) ; the bo t ani cal compos i t ion and s t ruc ture o f  

a sward can b e  man i pulated by the graz ing managemen t 

( Hoogendoorn , 1987 ; Bryan t and Shea th , 1987 ) .  The winter  

rotat i on changed the  d i s t r i bu t ion of  pas ture present in  the 

farm ( Bryant and Cook , 1980 ; Magui re e t  al , 1984 ) . 

Pas ture Quali ty The quali ty of  pas ture on the slow ro t a t i on 

during the winter  was lower than the quali ty of  the fas t 

ro ta t i on pas ture ( San tamari a  and McGowan , 1982 ; Ryan , 1986 ; 

Hoogendoorn , 1987 ) . Thi s  effect  was reflec t ed in lower con ten t s  

o f  grass leaf , clover con ten t  and d iges t i b i l i ty , and h igher 

conten t s  of  grass s tem and dead material ( Brougham , 1970 ; 

Holmes and Hoogendoorn , 1985 ; Ryan , 1986 ; Hoogendoorn , 1987 ) .  
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Pas ture Growth  dur ing t he Spring The winter  management can have 

maj or effec ts  on subsequent growth  during the spring 

( Lancashi re , 1982 ; Ryan , 1986 ;  Hoogendoorn , 1987 ) , al though th is  

effec t was no t observed by Bryant and Cook ( 1980) and 

Santamari a  and McGowan ( 1982 ) . Au tumn and winter were 

importan t  for replenishment of t i ller dens i ty ;  ex t remes o f  

winter  managemen t  or s t ocking ra te had n o  effec t on t he 

propor t ion of  t i l lers or the t i ller dens i ty ( L ' Hui l ler , 1987 ) . 

Ra te  o f  Growth  during the Winter and Pugging The ra t e  of  grow th  

during the  winter  has  been shown to  be  affected by  fac tors  

l ike :  minimum t emperature , hours of ligh t , leaf area index , 

res i s tance to  t read ing damage and carbohydrates reserves 

( Smea t ham , 1984 ) . 

The ex tent  of  the damage caused by t read ing depends on 

s tocking dens i ty ,  so il  type , rainfall and plant res i s tance . 

Graz ing ca t tle may affect  herbage produ c t i on by t read ing , 

ei ther indi rec t ly through effec t s  on the soi l  or d i rec t ly 

through e ffec t s  on t he herbage des t roying growing point s , 

leaves , s t ems or roo t s  ( Frame , 197 6 ;  Bowler , 1980 ; 

Charles , 1980 ) , affect ing plant growth  and pers i s t ency 

( Coleman , 1983 ) and eventually bo tan i cal changes . Ye t winters  

and naturally poorly drai ned soils have limi ted herbage 

u t i li zat i on under long rotat i on wi th high animal dens i t ies wi t h  

cat tle  ( Brougham and Cosgrove , 1985 ) . 

Ef fec t on Animal  Performance The effec t s  o f  winter ro ta t ion on 

subsequen t animal  performance are also con t radi c tory . Bryant  

and Cook ( 1980 ) repor ted a higher mi lkfat  produc t ion ( 10 - 15% ) 

for the s low winter ro ta t ion compared wi th  the fas t rota t i on 

not  only duri ng early lac tat ion but  also dur ing the whole  

lac t a t i on . On the o ther hand , Bryant and Holmes ( 1985 ) and 

Bryant and L ' Hu i ller ( 1986 )  found l i t t le effec t on t o tal  

mi lkfat y ield , l i veweigh t  or body cond i t i on , probably because 

t he cow performance decreased in  la t e  lac tat ion for the s low 
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compared wi th  the fas t ro t a t ion . Never theless Ryan ( 1986 )  and 

Hoogendoorn ( 1987 )  found , in short term s tud i es , that cows 

grazed on sho r t  rota t i on pas ture produced more mi lkfa t during 

the spring compared wi th  those grazed on long ro ta t i on pas ture , 

probably due to  the higher qual i ty of the herbage . 

2 . 1 . 3 . 2  Herbage allowance 

Herbage allowance has been recogni zed as a very useful 

managemen t procedure for regula tion o f  herbage in take for shor t 

graz ing periods  ( Bryan t , 1980 ; Hodgson , 197 6 , 1984 ) . I t  w ill  

de termine the rate a t  whi ch an imals graze down in to  limi t ing 

hori zons wi thin  the sward (Hodgson , 1 979b ) . The amoun t of  

herbage consumed duri ng the  dry period has  been generally 

related to  the quan t i ty of  the pas ture o f fered 

( No t t ingham , 1978 ; Holmes and McClenaghan , 1980; Ngarmsak , 1 982 )  

( Fi gure N 2  5 . 2 . 2 ) . 

2 . 1 . 3 . 3  Drying off  date . 

Drying off  da t e  i s  impor tan t  at  high s tocking rat es 

( Campbell  and Bryan t , 1978 ; Bryan t , 1982 ) . I t  determines t he 

extent o f  change in body condi t ion in late lac ta t ion and the 

quan t i ty o f  feed requi red to  replace that  cond i t ion , and may 

al ter the amoun t of feed consumed duri ng the lac t a t i on and as a 

consequence the quan t i ty o f  pas ture reserves present at  t he end 

of lac ta t i on .  The fac t ors affec t i ng the drying off  date and 

i ts influence on feed managemen t and produc t ivi ty have been 

d i s cussed in de tail  by Campbell and Bryan t ( 1978 ) ; Bryan t 

( 1980 ; 1982 ; 1984)  and Vi lson and Davey ( 1982 ) . 
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2 . 1 . 3 . 4  Calving date and pat tern . 

I t  i s  recogni zed that i f  cows are go ing to rely on grazed 

pas ture , then lac t a t i on mus t be made to  co incide as closely as 

pos s i ble wi th the period of  rapid  pas ture growth  

( Simmonds , 1985 ) . The calving date and i ts pa t tern influences t he 

herd ' s  feed ing requi remen t s  and level of  feed i ng 

( Mon t ea t h , 197 3 ;  Bryan t , 1982 ) .  The influence o f  calving da t e  

and i ts pat tern on the animal performance , winter managemen t ,  

pas t ure produc t ion and conservat i on requi remen t s  have been 

d is cussed by Hu t ton ( 1974 ) ; Bryan t ( 1 982 ; 1985 ) ; McM i llan e t  

a l  ( 1984 ; 1985 ) ; Bryant and Holmes ( 1985 ) and Coa t s  ( 1985 ) . 

2 . 1 . 3 . 5  Supplemen tary feed ing during the winter . 

In New Zealand , supplemen t s  are used mainly during the 

winter  and dur ing the summer , when the quant i ty of  pas ture 

growing is less than the quan t i ty o f  pas ture requi red by the 

animals . Al though they provide less than 10% o f  annual feed 

requi rement s  (Bryan t , 1 983 ) , they commonly provided from 20-80 % 

o f  the feed intake during summer or win ter (Wr igh t e t  al , 1980 ) . 

In very we t cond i t ions hay and s i lage may be the sole source o f  

feed for cons iderable peri ods . The type o f  supplemen t s  

u t i l i zed are mainly conserved pas ture a s  hay o r  s i lage 

conserved during the spring .  

The main role o f  conservat ion i n  New Zealand i s  as an a id  

t o  pas ture managemen t and not  that  of  t rans ferring feed from 

t imes of  surplus t o  t i mes of  shortages (Bryan t , 1982 , 1 984 ; 

Thomson e t  al , 1984 ) . Al though the ex t ra cos t s  incurred by 

shi f t ing feed from t imes of surplus to t imes of def i c i t mus t be 

covered a t  leas t in  the long term ( Marsh , 1978 ) . The subsequen t 

refeedi ng of  the conserved grass has the po t en t i al o f  

i ncreas i ng eff ic iency o f  graz ing (Bryan t and Holmes , 1985 ) . The 
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u s e  of  supplemen t s  duri ng t h e  win ter has been a common prac t i ce 

des igned t o  help reach those aims o f  the winter graz i ng 

management .  

Effect  on Saving Pas t ure The use of  supplements  dur ing the 

winter  i s  recommended for saving pas ture in  order to  ensure 

high levels of feedi ng in early lactat ion during the des ign o f  

feed planning ( F rengley , 197 3 ;  Mon tea t h , 1973; Riddler and 

Holmes , 1986 ; M i l l igan et al , 1987 ) . Thi s  is achi eved by 

reducing the amoun t of pas ture eaten or as sugges ted by Rogers 

( 1985 )  that there i s  pas ture spared duri ng supplemen tat ion and 

migh t be carried forward provid ing add i t i onal feed . 

I f  t here i s  subs t i tut ion of  the pas ture by of fering 

supplemen t , i t  reduces the severi ty of  defo l i a t i on increas i ng 

the residual herbage mass . Thi s  effect  may increase the winter  

growth  and consequent ly ,  cause an add i t i onal increase in the  

quan t i ty of  pas ture presen t in  early lac t a t i on 

( Hoogendoorn , 1987 ) . 

E ffec t on Animal Performance In general , the quan t i ty o f  

pas ture grown dur ing the winter i s  less than the quan t i ty 

requi red for mai n tenance of the non-lac t a t ing ,  pregnan t cow a t  

high s tocking rates . Therefore , supplemen t s  have been u t i l i zed 

to mai n tain the l i vewe ight  of  the cows at low levels of  pas ture 

intake . Fur t hermore , they have been used t o  recover t he 

l iveweigh t  or cond i t i on los t during the late  lac t a t i on .  Thi s  

las t character i s t i c depends o n  the quali ty and quan t i ty of  t he 

supplement offered . Dry cows fed j us t  on hay ( DMD 52%) only 

maintained the body cond i t ion ( Rogers , 1985 ) . 

The effec t o f  supplemen tat ion on t read ing i s  

con t rovers i al . Generally dele terious e f fects  of  t read ing can 

be s een around wa ter or feeding trough areas where the sward 

can comple tely be des t royed and the so il  severely damaged 

(Charles , 1980 ) . However , supplemen tat ion can decrease the t i me 

the cows s pent graz i ng decreas ing the pos i b i l i t i es of  damage by 



1 3  

t read ing , i f  the cows reduce the t i me spen t walking . 

2 . 2  SUPPLEMENTATION . 

In general , the use o f  supplement s  for graz ing animals 

have been proposed as an aid t o :  

- avoid  underfeed ing (during shortages of  pas ture ) 
overcome defi c i t s  of feed during cer tain t i mes of the year , 

- to  increase animal performance (balance die t ) , 
- t rans fer  feed to  reauce the gap between pas ture produc t ion 

and animal  requi rements , 
- as a buf fer t o  maintain s tocking rate ( desp i te the losses 

during the conservat ion ) or to  1ncrease s tocking ra t e  when 
the supplemen t i s  purchased . 

Several fac tors influence the response of the animal to  

the supplementat ion as  i s  shown in  Figure N2 2 . 2 . 1 .  

Figure N2 2 . 2 . 1 .  Factors affect ing the Animal Response t o  

Supplemen t a t i on .  

Level of 

Feed ing and 

Frequency 

Nu t rien t s  

Balance 

Phys iologi cal 

S ta t e  

Type , Qual i ty and 

Quan t i ty o f  

Supplemen t 

ANIMAL 

RESPONSE 

Gene t i c  Po t en t i al 

o f  the Animal 

i t s 

interac t i ons 

Qual i ty of 

the Pas ture 

Season of 

the year 

Type of Animal  
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Usually t he response 

immedi at ely . However ,  the 

supplementat ion can be 

to supplemen tat ion 

resi dual effects  

impor t an t  

i s  measured 

assoc i a ted wi th  

( Wallace , 1957 ; 

Kemp t on , 1983 ;  Bros ter , 1971 ; 1972 ; Bryan t 

Bros ter  and Bros te r , 1984 ) .  

and Trigg , 1982 ; 

The maj or i ty o f  the informa t i on 

lac t a t i ng cows fed wi th concen t rates . 

available i s  for 

2 . 2 . 1  Level of  Feed ing .  

generally accepted tha t  when pas ture of  good I t  i s  

quali ty i s  

i s  reduced 

no t 

and 

supplement is  

Demarqu i lly , 197 9 ;  

res t r i c ted , the animal response t o  supplemen t s  

the subs t i tu t i on rate of  pas ture by the 

h igh ( Leaver e t  al , 1968 ; Journe t and 

Meij s , 1981 ; Bryan t and Trigg , 1982 ; 

Kempton , 1983 ; Leaver , 1985) . 

Subs t i t u t ion Rat e  In general , supplemen tat i on causes a decrease 

in herbage intake , but an increase in  t o tal DM intake , due to 

par t ial subs t i tu t i on of  grazed herbage by the supplemen t 

( Hu t ton and Parker , 1966 ; S tockdale e t  al , 1981 ; King and 

S tockdale , 1981 ; Holmes and 

Hoeks t ra , 1984 ; S tockdale and 

Grainger , 1987 ; Bryan t , 1978 ; 

Jennings and Holmes , 1985 ) . 

Curran , 1967 ; 

Trigg , 1985 ; 

Bryan t and 

Meij s and 

S t akelum , 1986 ; 

Trigg , 1982 and 

Animal Performance The effect on ani mal performance ( kg FCM/kg 

DM supplemen t )  decreased as the overall level of  feed i ng 

i ncreased ( Leaver e t  al , 1968 ; Dulphy and Demarquilly , 198 3 ;  

Grainger , unpublished ; S tockdale and Trigg , 198 5 ;  Leaver , 1986 ) . 

The effect  of  supplementat ion on liveweight changes i s  no t 
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always repor ted . 

e t  al ( 198 1 ) ; 

However ,  Hut ton and Parker ( 1966 ) ; S tockdale 

King and S tockdale ( 198 1 )  and Bryan t and Trigg 

( 1982 )  have observed a t endency for grea ter increases in  

l iveweigh t  gains due  to  supplemen ts , when the overal l level o f  

feed ing i s  increased . Marginal response (kg FCM/kg DM 

supplement )  can be increased by the milk po tent ial of the cows . 

Coulon e t  al ( 1987 )  repor t ed a marginal response o f  0 . 6 ,  1 . 2  

and 1 . 6  respe c t i ve ly for cows o f  a po ten t i al of m ilk yi eld o f  

2 6  kg , 26-29 kg and > 2 9  kg . The lat ter au thors sugges ted that  

this  las t effec t can be confounded in  some of  the experimen t s . 

There i s  l imi t ed informa t ion 

supplemen tat i on for grazing cows 

feed ing .  

2 . 2 . 2  Type o f  Supplemen t .  

abou t the use 

wi th d i f feren t 

of  hay 

levels of 

Several types of  supplemen ts  have been used in  New 

Zealand for graz i ng cows . They can be d i vided i n :  Supplemen t s  

associ a ted wi th a pas ture conserva t i on me thods ( s i lage , hay ) , 

concen t ra tes , crops ( lucerne , mai ze , mille t , sorghum , rapeseed , 

chamboellier , e t c . ) and crop by-products  ( po tatoes , kiwi frui t ,  

d i f feren t frui t s , o t her tubers , peas , e t c . ) .  The u t i l i za t i on 

of  those supplemen t s  depends on availab i l i t y ,  price , animal 

requi rement s  and/or  animal response . 

Subs t i tu t i on Rat e  The effec t of  type of  supplemen t o n  DM 

subs t i t u t i on rate i s  con t radi c tory ( Umoh and Holmes , 1974 ; 

Vad iveloo and Holmes , 1979 ; Bryan t and Trigg , 1982 ; As ton e t  

al , 1986 ) . Probably due t o  the confoundi ng effec t s  o f  level o f  

feeding , rela t i onship  wi th  pas ture qual i ty or balance o f  t he 

whole d ie t . However ,  i f  the d ie t  is  def i c i en t  in one nu t ri en t , 

supplemen t a t i on wi t h  t ha t  nut r ient can i ncrease the in take o f  

pas ture . For example pro tein  supplement a t ion can i ncrease 

pas ture i n take when the d i e t  is  def ic ient in  pro t e i n  
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( Kempton , 1983 ; As ton e t  al , 1986 ; Moran e t  al , 1986 ) . 

Hay Supplemen t a t i on 

a supplemen t wi t h  

The informat i on avai lable comparing hay a s  

o ther supplemen t s  i s  scarce . The OM 

subs t i t u t i on rate  reported by Eldri dge and Ka t ( 1980 ) and 

S tockdale e t  al ( 198 1 )  and Phi llips and Leaver ( 1985a) for hay 

supplemen tat i on for non-lac t a t ing and lac t a t ing cows during t he 

whole lac t a t i on was wi thin the range descri bed for OM 

subs t i t u t i on ra t e  for o ther feeds ( Leaver et al , 1968 ; Journe t 

and Oemarquilly , 1979 ; B ines , 1979 ; Meijs , 1 98 1 ;  Leaver , 1986 ) . 

In New Zealand , Bu t ton and Parker ( 1 966 ) fed res t r i c t ed 

grazing cows dur i ng early lac tat ion wi th hay and showed that  

hay supplemen tat i on increased milk yi eld and liveweight gains , 

however ,  the d i f ference in liveweigh t  could be associa ted wi th  

h igher gut - f i l l . In Ireland , Walsh ( 1969)  fed graz ing dai ry 

cows wi th  or wi thou t concen t rate  and hay ad l i b i tum and 

observed di fferen t response to both supplemen t s , conclud i ng 

that  the diges t i b i l i ty of  the supplemen t s  affected the an imal 

response per kgOM supplemen t .  In Aus t rali a ,  St ockdale e t  al  

( 1981 )  and King and S tockdale ( 1981 ) fed hay of  h igh 

d i ges t i b il i ty and reported that when the qual i ty of  t he 

supplement was s i mi lar to  the pas ture , the nu tri t ive value o f  

t he whole d i e t  was no t af fec ted by assoc iat ive effec t s . 

Animal performance The evidence about the effects o f  type o f  

supplemen t o n  animal performance i s  confl i c t ing ,  depend ing not  

only on  i ts qual i ty ,  quan t i ty ,  frequency of  feed ing , form and 

palabil i ty ,  bu t also the interac t ions wi t h  o ther 

charac t er i s t i cs as i t  is  shown in  Figure NQ 2 . 2 . 1 .  
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2 . 2 . 3  Quali ty and Quan t i ty of  the Supplemen t .  

Diges t i b i l i ty The e ffec t of  supplement a t i on on the 

d iges t i b i l i ty is not  clear . Arriaga-Jordan and Holmes ( 1986a) 

have shown a depress i on in diges t i b i l ty in the d i e t  of cows 

supplemented wi th concent rate  ( -0 . 4%/kgDM concen t ra t e ) . Th i s  

was probably due to  a reduct ion in gas trointest inal  pH whi ch 

resul ted in  a reduc t ion in the diges t i bil i ty  of  s tarch and cell 

wal l  carbohydrates ( Reid  et  al , 1980) . However ,  Eldr idge and 

Ka t ( 1980 ) did  no t f ind that depress ion in diges t i bi l i ty in 

non-lac t a t ing cows supplemen ted wi th hay . 

The form of  the supplemen t can affect  i t s diges t i b i l i ty .  

Pelle t i ng and grind i ng increased the ra te o f  passage reduc ing 

d iges t i b i l i ty ( Minson , 1982 ; Shaver et al , 1986 ) . However ,  

Raymond ( 1969 ) observed i n  high f i bre supplement s  t ha t  gr inding 

increased diges t i b i l i ty due to making the f i bre s t ructure more 

access i ble to  microbi al a t t ack . 

Subs t i tu t i on rate The qual i ty of the supplemen t can affect  t he 

subs t i tu t i on rate . Mei j s ( 1986 ) compared a high s tarch 

supplemen t wi th a high f i bre supplement for graz ing dairy cows 

and concluded that the h igh s tarch supplemen t caused higher 

reduc t i on in  the consump t ion of  pas ture ( 0 . 45 kgDM/kgDM as 

concen trate )  than t he low s tarch supplemen t ( 0 . 2 1  kgDM/kgDM as 

concen t ra te ) . He sugges ted that change in subs t i tu t ion ra t e  

was relat ed to  the rumen fermen tat ion , where t h e  high s tarch 

concent ra t e  t ended to decrease the pH , affect ing t he 

celluloly t i c  ac t ivi ty  of  mi crobes (Vuuren e t  al , 1985 ) . S im ilar 

results  were observed by Jennings and Holmes ( 1984 ) wi t h  

concent ra t es of  high or  low qual i ty .  For hay supplemen t a t ion , 

there i s  no t much informa t i on rela ted to  the d i f ferent qual i ty .  

However ,  S tockdale e t  al ( 198 1 )  and King and S tockdale ( 198 1 )  

sugges t ed tha t  the relat ive quali ty o f  hay compared wi t h  

pas ture de termined t he abi l i ty of  the supplemen t t o  coun t erac t  

the e ffec t s  o f  underfeed ing . I t  has been observed tha t the 
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amoun t of  s tarch presen t in  the faeces o f  cows supplemented 

wi t h  concen t ra t e  is  i ncreased ( S tockdale et  al , l987 ) .  

The relat i onsh i p  between quan t i ty o f  supplemen t and 

subs t i tui t ion rate  seems to  be curv i l inear ( Bryan t and 

Trigg , 1982 ; Mei j s and Hoeks tra , 1984; S tockdale and 

Trigg , 1985 ) .  A s imi lar rela t i onsh i p  was reported for animal 

response by non-lac tat ing cows ( Saker and Holmes , 1974 )  or by 

lac t a t ing cows ( Meij s and Hoeks t ra , 1984 ; S tockdale and 

Trigg , 1985 ) . 

2 . 2 . 4  Phys i ological  S tate . 

Almos t all the informat ion avai lable  abou t 

supplemen tat ion on graz ing cows i s  for lac tat ing cows . There 

i s  no t much information compar ing non-lac tat ing with lac t a t i ng 

cows . However ,  i t  has been sugges t ed by several authors ( Moe  

e t  al , 197 1 ;  Van Es , 1975 ; Tyrrell , 1980) that  t he par t ial  

e f f i ciency of  energy u t i l i zat ion for  t i ssue gai n  i s  higher 

dur i ng lac ta t i on t han dur ing the dry period . 

I t  i s  recogni zed that immedia tely af ter calving the  

appe t i te of the cow i s  such that the in take o f  energy i s  rarely 

able to  mat ch t he high producing cow ' s requi remen t .  Journet  

and Remand ( 1976 ) and Bines ( 19 7 9 )  summarized several 

experiment s  and concluded that the leng th  o f  t ime t o  reach the 

maxi mum appe t i te was largely dependan t on the compos i t ion o f  

the d ie t . However , i n  t he i r  reviews there were n o  data f o r  

d i e t s  f o r  supplemented graz ing cows . 

Subs t i tu t ion Rat e  Informa t i on abou t t h e  ef fect o f  s tage o f  

lac t a t i on on DM subs t i tu t ion rate  i s  con t radi c tory ( Jenni ngs  

and Holmes , 1984 ;  Phi llips and Leaver , 1985a ; b ) .  
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Animal Performance Phi ll i ps and Leaver ( 1985a) and S tockdale e t  

al ( 1987 )  repor t ed a decrease i n  the milk yi eld per kgDM eaten 

as the lac t a t i on advance , however ,  t h is  e f fect  was not  observed 

by Jennings and Holmes ( 1984 ) and Phi l l i ps and Leaver ( 1 985 b )  

supplemen t ing wi t h  concen t rate  and s i lage res pec t ively . 

2 . 2 . 5  O ther Fac tors . 

There i s  no t much informat ion comparing the res ponse t o  

supplement a t i on for d i f ferent graz ing sys tems . Arr iaga-Jord an 

and Holmes ( 1986b)  repor ted s imi lar subs t i tut ion rates and 

increases in animal performance for con t inuously s tocked cows 

compared wi th  s t r i p  graz ing .  

Kaufmann ( 1976)  reported a higher response t o  

supplemen t a t i on wi th concen t ra tes due t o  an increased frequency 

of  feed ing .  He sugges ted tha t  t he e f fect  was related t o  t he 

maintenance o f  rumen pH ( celluloly t i c  microbes ) .  

I t  has been sugges ted that t he season can affect  the  

eff ic iency o f  u t i li za t i on of the  energy ( Beever e t  al , 1 978 ; 

MacRae e t  al , 1985 ; Cammell  e t  al , 1986 ) , and consequen t ly 
------

influence supplemen tat ion response . 

2 . 3  VOLUNTARY FEED INTAKE . 

Ani mal  produc t ion i s  affected by the level of  food i n t ake 

and nut r i t ive value of the feed ( Dulphy et al , 1980) . Food 

intake and i ts var i a t i on is one 

determining level and eff ic iency o f  

pas ture ( Bi nes , 1979 ; Hodgson , 1982 ; 

o f  the maj or fac tors  

animal produc t i on from 

Chase , 1 985 ; Leaver , 1985 ) . 

The cont ro l  o f  food intake has been s tudi ed mainly under i ndoor 

feeding cond i t ions , bu t  i t  i s  assumed tha t the princi ples 
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developed from i ndoor experimen t s  will  apply t o  graz ing animals 

wi t h  cer tain l imi t a t i ons ( Arnold , 1970 ) . In add i t i on , feed 

intake by graz i ng animals will also be affec ted by many o ther 

fac t ors by whi ch s tall-fed animals are no t affected . 

Volun tary food i n take for s tall-fed animals is  influenced 

by two main categories of fac t ors : a) Factors whi ch influence 

the animal ' s  requi rement s  for nu tr ien t s  and i ts abi l i ty t o  

me tabol ize absorbed nu tr ien t s  (metabol ic  fac tors ) and , b )  

fac t ors whi ch influence the animal ' s  abi l i ty t o  consume t he 

feed and accommoda t e  and diges t i t  in  the diges t i ve t rac t 

( phys i cal fac tors ) ( Baumgard t , 1970 ; Bines , 1 9 7 1 ) .  For graz i ng 

ani mals the in ter-rela t i onship  between the me tabol i c ,  phys i cal  

and behavioural fac tors determined the  regula t i on of  food 

intake ( Hodgson , 197 7 ; Minson , 1982 ) . 

2 . 3 . 1  Regulat i on of  Food In take . 

The cont rol of  food intake can be cons idered as a componen t o f  

the homeos ta t i c  regulat ion of energy balance be tween t h e  an imal 

and i t s  environmen t (Baumgard t , 1970; Baile and Forbes , 1974; 

Dulphy e t  al , 1980 ; Baile and McLaughl i n , 1987 ) . The animal  

a t t emp t s  to  main tain  a cons tan t  energy balance by changing food 

intake in propor t i on to  the i r  al t ered phys iologi cal and 

envi ronmen tal c i rcums tances ( Baile and Forbes , 1974 ) . The 

knowledge of the factors affect ing regula t ion of intake and i t s 

mechani sms of  con trol  by ruminan t s  are importan t  t o  t ry t o  

unders tand the rela t ionships and response of the animals 

exposed to  d i f ferent environmen tal cond i t ions . 

For indoor feed i ng cond i t i ons the mechanisms con t rolling 

food intake are mainly associated wi th  me t aboli c  and phys i cal 

fac tors  
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Metaboli c  Cont rols Phys i ological con t rols involve the po t en t ial  

feedback o f  the end produc t s  of  d iges t i on and me t abol i sm to  

neural receptors  in the brain ( Chase , 1 985 ) .  The receptor  s i tes  

for  the feed back con t rol sys tem whi ch inform the brain o f  the 

nut ri t i onal s ta t e  of the body , apparen t ly origina te  i n  the 

gas t roin tes t inal t rac t , hepa t i c-po r t al sys tem ,  ad i pose t i s sue 

and/or per i pheral and cerebrospinal f luid ( Baumgard t , 1 97 0 ;  

Forbes , 1980 ; Anni son e t  al , 1982 ) . 

Glucose i s  not likely to  be an impor tant  feedback s i gnal 

in  ruminan t s , as it i s  for non-ruminan t s  (Baile and Mayer , 1970 ; 

Bines , 197 1 ; Van Soes t , 1982 ) . Propionate and ace ta te  are 

recogni zed as possi ble s ignals o f  sa t ie ty in the ruminan t 

( Ba i le and Mayer , 1970 ) . Bu tyrate  is  probably less 

i mportan t . The role of  lactate  i s  con trovers ial , probably 

depress ing the mo t i l i ty of  the s tomachs ( Forbes , 1980 ) . A role 

of rumen pH as a phys iologi cal con t roller  has been proposed by 

Kaufmann ( 1976 ) , although , as wi th  the free fat ty acids ( Ba i le 

and Forbes , 1974 )  in the short  term there is l i t t le informa t i on 

to  show i f  they are a cause rather than an effec t of  changes i n  

feeding .  

The role o f  hormones as s ignals o f  food in take i s  not  

clear . The poss ible role o f  hormones l ike es t rogens , insuli n ,  

growth hormone , and o thers has been discussed by several 

authors ( Forbes , 1980 ; Wangness and Muller , 1980 ; Bai le e t  

al , 1983 ; Brockman and Laarveld , 1 986 ) . 

The i mpo r t ance of  l i pos tat i c  

regulat ion o f  energy balance i s  

correla t i on be tween body fat and 

2 . 1 . 2 ) .  Thi s  mechani sm a t temp t s  

cons tan t  level once the animal has 

sys tem is no t perfec t ( Freer , 1981 ) . 

mechanisms for long term 

i nd i cated by the negat ive 

feed intake ( See Sec t i on 

t o  maintain fat depo t s  a t  a 

reached maturi ty bu t the 
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The role and importance of t hermos tat i c  con t rol o f  i n t ake 

under normal phys iologi cal condi t i ons is unclear ( Ba i le and 

Forbes , 1974 ; Meij s , 1981 ) . 

2 . 3 . 2  Physi cal Fac tors . 

Rumi nan t s  fed bulky and fi brous feeds may s top ea t i ng 

before they have consumed sufficien t  nu t r ien t s  t o  achieve the i r  

gene t i c  poten t i al for product ion ( Campling , l97 0 ;  

B ines , 197 1 , Meij s , 198 1 ) , and a s ta te  o f  energy de f i c i t w ill then 

prevail  ( Van Soes t , l982 ) . The phys ical limi t a t i on is  related 

t o : l )  Di s t ension o f  the Re t i culo-Rumen (R-R) , 2 )  Rat e  o f  

d i sappearance of  the R-R con tents , 3 )  Others . 

D is t ension of  the Re t i culo-Rumen Some evidence sugges t s  t ha t  

ruminan t s  o f fered several roughages eat t o  a cons tant rumen 

f i l l  ( Campling , 1970 ) , a l though the rumen can be inf luenced by 

s everal cond i t i ons . For example , foe t al enlargemen t and f a t  

deposi t ion wi thin t h e  abdominal cavi ty can reduce R-R capac i ty 

( Forbes , 1980 ) . There are s t re t ch recep tors in the rumen wal l  

but  the exact  mechani sm o f  t ransmission i s  no t known . The 

probable mechanism can be by discomfor t ,  by s t i mula t i on of t he 

humoral in take regulat ing fac tor or by the mechani sm o f  

rumina t ion (Van Soes t , 1982 ) . The quan t i t a t ive balance between 

rumen s t re t ch and increase rate of  passage remains unknown . 

The phys i cal l imi ta t i on of space in the gas t rointes t inal t rac t 

i mplies that volume ra ther than mass  i s  i mpor t an t  

( Raymond , 1969 ; Waldo , 1986) . Physical con t rols are primari ly 

related to  the capac i ty of  the diges t ive t rac t ( Freer , 198 1 ) ,  

t he f i ber con tent  o f  the feeds and the ra te  of  degradat ion and 

passage , t herefore the ' ind iges t ible ' frac t ion of the DM is t he 

maj or  physical fac tor  limi t i ng intake ( Minson , 1982 ; 

Chase , 1985 ) . 
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The role of  the g u t  f i l l  a s  a mechani sm o f  con t rol  o f  

food in take i s  con t rovers ial and i t  has been associated wi t h  

t h e  type of  d i e t . Some au thors ( Bines and 

Davey , 1970 ; Li ppke , 1983 ) reported a l imi tat ion in gu t capac i ty 

i n  cows fed mixed d i e t s , but  o ther au thors (Waldo , 1986 ; Grovum 

and Phillips  ci ted by Minson , 1982 ) cons idered that  herbage 

i n t ake is no t l imi t ed by the capac i ty of the small or large 

i n t es t ines . Rumina t i on ,  par t icle passage and nu t r i en t  

absorpt ion seem to  b e  the l imi t ing fac tors i n  the alleviat i on 

o f  ' f i l l '  e f fec t .  

Phys i cal l imi ta t ions t o  the intake o f  forage canno t be 

overcome by supplemen t a t ion ,  al though improvement of  poor 

qual i ty d i e t s  wi th  supplemen t s  ( Protein , NPN ) can alter  t he 

indiges t i ble res idue , by reduc ing the retent ion t ime and t hus 

enabl ing forage intake to  increase ( Siebert and Hun ter , 1982 ) . 

Ra t e  of  Disappearance of the Re t i culo-Rumen The ra t e  o f  

d i sappearance of  the ma terial  from the R-R i s  dependent o n  t he 

chemi cal compos i t ion o f  the feed , the degree of mas t i ca t ion and 

rumina t ion , the rate of breakdown ( mi crobial ac t iv i ty ,  mo t i l i ty 

o f  the rumen , fermen t a t i on cond i t ions ) , the capaci ty o f  

muscular con trac t ions o f  t h e  gu t and the s i ze of  the 

re t i culo-omasum ori f i ce (Korver , 1982 ; Ulya t t  et al , 1985 ) . 

Re tent i on of  feed in  the R-R allows subs tan t i al mi crob ial  

fermen tat ion to  take place , wi th over 60% o f  OM  d iges t i on 

occuri ng in  the R-R ( Ulya t t  et al , 1985 ) . 

Two d i f feren t processes are involved in  the rate o f  

d i sappearance : 

a )  Material which leaves the R-R by progress ing down through 

the d iges t ive t rac t . 

b )  Material whi ch leaves t he R-R as nu t r ien t s  are absorbed 

through the gut wall ( Bi nes , 19 7 1 ; Meij s , 1981 ) .  
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Dietary fac t ors that influence ruminal re ten t i on t ime 

are : amoun t of feed consumed , forage phys i cal form , forage : grain  

rat ios , f iber con ten t and phys i cal na ture of  the f i bre ( Shaver 

e t  al 1986 ; Freer , 198 1 ) .  The physiologi cal mechani sms o f  

passage regula t i on are n o t  clear ( Ulya t t  e t  al , 1984 ) . 

Rate  o f  passage Several fac tors have been sugges ted that  are 

i nvolved in  the movemen t of par t i cles from the R-R : s i z e  o f  

part i cle , dens i ty o f  par t i cles , ra te of  par t i cle reduc t ion , 

hydrat i on t ime , cell wall con ten t , pH and osmo t i c  pressure , 

s t rength  and frequency of  ruminal and/or abomasal con trac t ions 

and cons i s tency of  d iges ta  ( Shaver et al , 1986; 

Belyea , 1986 ) . 

Mar t z  and 

Undiges ted ma terial can escape through the 

re t i culo-omasal ori f i ce only af ter  being reduced into  f ine 

par t i cles ( <2 . 0  mm) . The par t i cle s i ze i s  rela t ively 

i nsens i t ive to changes in  diges t i bi l i ty ,  physical form of  the 

d i e t , in take , type of  pas t ure or the livewe igh t  of  the an imal 

( U lyat t et al , 1985 ) . The lat ter authors sugges ted that  the 

amoun t o f  material passed per con t ract ion o f  the re t i culum i s  

probably more impor tant than the par t i cle s i ze .  The 

unders tanding of this  process i s  . no t  clear . Diges ta  load 

would be expected to change rate of removal of OM , no t only 

affect ing the rate of diges t i on , bu t also by influencing 

rumina t ion and propuls ive ac t ivi ty (Wes t on , 1982 ) .  Par t i cle 

s i ze reduct ion begins wi th  prehens i on and ini t ial mas t i ca t ion 

o f  the forage . Total t ime spen t chewing is  influenced by 

rat ion qual i t y .  



25  

2 . 3 . 3  Behavi oural Fac tors . 

The behavioural fac tors play a key role in the mechanisms 

o f  con t rol  of  the graz ing animals. The to tal amount o f  food 

eaten by an animal in a given period of t ime depends on : t he 

number o f  b i tes in  that t i me ( ra te  of bi t ing for graz i ng 

animals ) ,  t he graz ing t i me and , the intake per bi te  ( Al lden and 

Whi t t aker , 1 970 ; Bines , 197 1 ) .  

The behavioural control o f  intake i s  related wi t h  t he 

prehens i on of  the feed by the graz ing animal ( Al lden and 

Whi t taker , 1970 ; Hodgson , 197 7 ) , oppo r tuni ty for sele c t ion , 

herbage preference and type o f  feed. The amount o f  herbage 

prehended per b i t e  appears to be the mos t sens i t ive componen t 

to  var i a t i ons in sward cond i t i ons ( bulk dens i ty ,  sward heigh t , 

leaf/ s tem s t rength ,  sward s t ruc ture ) . Since any compensa t i ng 

changes in ra te of b i t ing or grazing t ime are usually l i mi ted , 

i t  i s  l i kely t o  be a maj or de terminan t of  dai ly herbage intake 

( Leaver , 1985 ; Hodgson , 1985b ) . 

The graz ing t ime 

hours/day ( Leaver , 1985 ; 

for a 

Pop pi 

cow rarely exceeds 10 -12 

et al , 1987 ) ,  o therwise  grazing 

would i n terfere wi th  ruminat i on t ime and other behavi oural 

requi remen t s . In the short  t erm , the rate of  herbage in take 

( per minute  of graz ing t ime ) falls s tead i ly wi th  increas ing 

proximi ty of  the grazed hor i zon to the ground level 

( Hodgson , 1977 ) . 

Herbage Allowance The amoun t o f  herbage prehended per bi t e  

appears t o  be the componen t of  inges t ive behavi our mos t  

sens i t ive t o  var ia t ions in sward cond i t ions ( Al lden and 

Vhi t taker , 1970 ; Hodgson , 1976 ; 1985b ) . The compensatory changes 

in rate of b i t ing and graz ing t ime are l imi ted .  Graz i ng t i me 

increased as herbage allowance decreased t o  abou t 32 

kgDH/cow/day for lac t a t ing dai ry cows during the summer 

( S tockdale and King , 1983b ) , and 22 . 5  kgDH/cow/day duri ng the 
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winter ( LeDu e t  al , 1979 ) . Bu t  as  herbage allowance decreased 

fur ther , graz ing t i me was also decreased . In the U . K . , Zoby 

and Holmes ( 1983 )  repor t ed higher grazing t i mes , ra te  of b i t ing 

or number of b i tes per day for cows s t ocked 12 cows /ha than for 

6 cows/ha during the spring , bu t  no t during the summer . A t  low 

allowances ,  calves did no t increase the i r  graz ing t ime to t ry 

to  compensate  for b i te  s i ze (Jamieson and Hodgson , 1979 ) . 

S tobbs ( 19 74 ) , sugges ted that rate of  b i t ing provided a 

valuable guide to the relat ive ease wi th whi ch herbage i s  

harves t ed from t ropi cal pas ture swards . Mean rates of  b i t ing 

were no t d i f ferent across allowances ( LeDu et al , 1979 ; 

Jamieson and Hodgson , 1979 ) , bu t the interac t i on between t ime o f  

the day and allowance was s igni f i can t . 

Effec t o f  Supplement a t i on Several au thors have repor t ed a 

reduc t ion in graz ing t ime between 9-38 minutes /kg OM for  

graz ing cows supplemented wi th concent ra tes ( Sarker and 

Holmes , 1974 ; Journe t and Demarquilly , 1979 ; Arr iaga-Jordan and 

Holmes , 1986b ) , s i lage ( Phillips and Leaver , 1985b ) , or  hay 

( Phill i ps and Leaver , 1985a ) . 

Rumina t i on t ime is  related t o  the cel l wall  conten t  o f  

the food ( Van Soes t , 1982 ) . Lower rumina t ion time was found for 

a pellet  

al , 1986 ) .  

hay compared wi th long or  chopped hay ( Shaver e t  

Rumina t ion t ime was s igni f icant ly increased by 

offering hay or s i lage to graz ing cows 

Leaver , 1985a , b ) . 

( Ph i l l i ps and 
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2 . 4  FACTORS AFFECTING FOOD INTAKE BY GRAZING ANIMALS . 

2 . 4 . 1  Animal Charac teris t i cs and Envi ronmen t al Fac t ors . 

Volun tary feed intake i s  set  by the animal ' s  po t en t i al 

requi remen t for d i e tary energy . The envi ronmental fac tors  

affect ing herbage intake have been recen t ly reviewed by  Wes ton  

( 1982 ) . 

2 . 4 . 2  Animal 

Geno type . 

S i ze , Liveweight , Body Condi t ion , Age and 

The s i ze of t he animal is cri t i cal in  de termining the  

volume of  the  abdominal cav i t y , which i s  rela ted t o  rumen 

capaci ty ( volume t r i c  expans ion )  during ea t i ng (Bines , 1976 , 197 9 ;  

Meij s , 1981 ) . The correlat ion be tween s i ze and l ivewe igh t  i s  high 

for growing animals (Rohr ci ted by Meij s , 1981 ) . However , for  

adult  animals l i veweigh t  could be an i mprecise s caler wi t h  

respec t to  body s i ze  (Wes ton , 1982 ) , because o f  gu t f i l l  or f a t  

con ten t . Al though i t  i s  generally reported tha t t h e  heav i er 

animal eats  more ( Bines , 1976 , 1979 ; Meij s , 1981 ; Schwarz and 

Ki rchgessner , 1985 ) . 

In early lact a t ion , liveweigh t  change i s  the resu l t  o f  a 

prede termined level of  food in take and o f  the curren t level o f  

m i lk produc t ion , no t i t s cause ( Bines , 1979 ) . 

Intake i s  related to  body cond i t ion (Bi nes , 197 6 ;  

Forbes , 1980 ; Bro s t er and Thomas , 198 1 ;  Grai nger and 

HcGowan , 1982 ; Allison , 1985 ) . Fat cows a t  calvi ng a te  less  

t han thin cows ( see Sec t ion 2 . 1 . 2 ) . The age of t he animal i s  

usually confounded wi th  the previous fac tors or wi th t he 



28 

physi ological s tate  o f  the animal , al though hei fers ate less in 

comparison wi th  adu l t  cows on the bas i s  of  comparable 

l i veweigh t ( Schwarz and Ki rchgessner , 1985 ) , probably rela ted to 

abdominal capaci ty .  

The gene t i c  bas i s  o f  vari a t i on i n  volun tary herbage 

i n take is d i f f i cult  to establish in  graz ing cows , because of 

d i f f i cul t i es in  measurement  of intake ( Fulkerson et al , 1985 ) . 

Several authors have been reported d i f ferences be tween breeds 

( Wes ton , 1982 ) , and wi thin breeds ( Bryan t , 1 985 ) . For graz ing 

cows , low breeding i ndex cows ( LBI ) a t e  less feed ( 6-20%) 

during par t o f  the lac tat i on than the high breed ing index cows 

( HBI ) (Holmes and MacMi l lan , l982 ) .  Bryan t ( 198 1 )  and M i t chell 

( 1985 ) sugges ted that HBI cows graze more e f f i cien t ly than the 

LBI cows when pas ture was res tr ic ted . Grainger ( 1982 )  have 

shown tha t HBI cows a t e  s imi lar quant i t i es of feed to LBI cows 

during the dry per i od . There was no d i f ference in energy 

me tabolism be tween cows o f  LBI and HBI (Trigg and Parr , 198 1 ;  

Trigg e t  al , 1982 ) . 

2 . 4 . 3  Effect  of  Lac t a t i on .  

Lac t a t i ng cows consumed more food than non-lac t a t i ng cows 

( Hu t t on , l963 ; Leaver et al , 1968 ; Bines , 1976 ; 

Hodgson , 1977 ; Shaver e t  al , l986 ) . Thi s  effect  was no t 

influenced by the type o f  d ie t . On average lac tat ing cows 

consumed 42% more than the non-lac tat ing cows , al though in some 

reports  the e ffect of pregnancy was confounded . Cons idering 

that the lac ta t i ng cow has higher phys iological requi remen t s , 

i t  has been sugge s t ed that the greater in take appears to  be due 

to hyper trophy of the alimentary t ract  (Tulloh ci ted by 

Heij s , 1981 ; Leaver , 1985 ) , or hormonal d i f ferences 

( Freer , 1981 ) . 
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There i s  an i ncrease in food intake be tween f irs t  and 

fourth  lac t a t i on ( B ines , 1 979 ; Journe t et  al ci t ed by Neal e t  

al , 1984 ) , but  mos t o f  i t  occured be tween the f i rs t and the  

second lac t a t i on (Journet and Demarqui lly , 1979 ) .  However , tha t  

i ncrease can be affected by the s i ze and age o f  the cows . 

Several au thors have repor ted an increase in intake associated 

wi th  the level of  mi lk produc t i on (Bines et  al , 1977 , 1979 ; 

Vadiveloo and Hotmes , 1979 ; ARC , 1980 ; MAFF , 1984 ) . 

Immedi a tely af ter par tur i t i on milk produc t i on r i ses  

rapidly and  usually reaches a peak be tween days 35 - 50 , and 

thereaf t e r  declines s tead i ly whereas food intake increases t o  

reach a peak at  an average of  1 6  weeks after par tur i t i on 

( Bines , 1976 ; 19 79 ) , developing a lag of  energy whose reasons are 

incomple t ely es tabli shed ( Meij s , 1981 ) .  It  has been sugges ted  

that the fac tors are of  phys i cal origin  (B ines , 1 976 ) , abdominal 

fat  ( Journe t and Remond , 197 6 ) , delay of  hyper t rophy of  gu t 

wall , l i ver  (B ines , 197 9 ) , alimen tary tract  (Tulloh c i t ed by 

Meij s , 198 1 ) ,  or endocrinologi cal fac t ors . 

2 . 4 . 4  E f fect  o f  Pregnancy . 

Meij s ( 1981 )  sugges ted that  the effect  of pregnancy i s  

commonly confounded w i th  the e f fec t s  o f  lactat ion o r  animal 

growth . Dur i ng pregnancy the volume and nu t r ien t demand of the  

foetus p rogress ively increased , reaching an  impor tan t  role  i n  

t h e  energy s ta tus of  t h e  cow dur ing the las t three mon ths o f  

ges ta t i on ( ARC , 1980 ; �es t on , 1982 ) . I t  is  generally acce p t ed 

that  the in take falls as par turi t ion approaches regardless o f  

the type of  d i e t  of fered ( Forbes , 197 1 ;  Journet  and 

Remond , 1976 ; Meij s , 1981 ; �es t on , 1982 ) .  A decline of 0 .  2 

kgDH/week duri ng the las t 6 weeks of  pregnancy was found by 

Journe t and Remond , 1976 . The pos s i ble reasons sugges t ed for  

the  dec l i ne i n  intake are : A reduct ion in  volume o f  t he 

abdominal cav i ty due t o  phys i cal  compress ion of  the u terus on 
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and/or abdominal fat  

example the increase 

( Fo rbes , 197 1 ) . 
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Bai le and Forbes , 1974 ;  Bines , 1979 ) ,  

(�eston , 1982 ) , endocr ine changes for 

in  placental secre t i on o f  oes t rogens 

2 . 5  S�ARD CHARACTERI STICS . 

The effect  o f  sward charac ter i s t ics  affec t ing herbage 

in take has been reviewed in de tail  (Hodgson , 1 976 ; 1982 ; 1984 ; 

Leaver , 1976 ; 1985 ; Hudges , 1 983 ; Holmes , 1987 ) .  For the 

graz ing animal the i mpor tance of  the metabo l i c ,  phys i cal and 

behavioural con t rol  of the herbage intake and i ts 

in terrelations depends on the nu t r i t ional and non-nu t r i t i onal 

charac t er i s t i cs of  the sward ( Hodgson et al , 1985 ) The herbage 

in take under graz ing condi t i ons is seldom af fected by me tabolic  

l imi ts  ( Hodgson , 197 7 )  for  high producing cows . However , i t s 

influence i s  more i mpor tant  for non-lactat ing grazing cows . 

2 . 5 . 1  D ie t  Selec t ion . 

Graz ing cows exhi bi t diet  selec t i on through cho i ce of  

grazing s i te and then the  bi te wi thin the  s i te ( Hodgson , 1982 ; 

Poppi e t  al , 1987 ) . Graz ing s i te i s  influenced by plan t 

species , s t age of  matur i ty and d i s t ri bu t i on of green ma terial , 

dung , urine and/or so il  contaminat ion .  The bi te s i te i s  driven 

by the preference for pas ture species or plant par ts  and i t  i s  

probably con t rolled b y  phys i cal e ffec ts  ( d i fference in  

s t rength ) ,  due to t as t e ,  smell or odors (Ba i le and Forbes , 1974 ; 

Freer , 1981 ) .  The selec t i on i s  some t i mes confounded wi th  the 

ava i lab i l i ty and oppor tun i ty for selec t i on of these componen t s  

i n  the sward ( Hodgson , 1982 ) . The ani mal eat s  more leaf than 

s tem , more green t han dead materi al , temperate  than t ropical  

grasses , more legumes than grasses ( Baker , 1976 ; Minson , 198 1 ; 
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Poppi e t  al , 1981 ; Rogers e t  al , 1982 ) .  However , those 

relat i onships  can be changed by exper i ence (Arnold , 1970) . D ie t  

selec t ion influences the d iges t ib i l i ty of the d i e t  ea t en 

compared wi th  the pas t ure on offer and affects  b i t e  s i ze ( Poppi  

et  al , 1987 ) .  

2 . 5 . 2  Nut r i t ive Value . 

The i n t rins ic  quali ty o f  a sward will be det ermined by 

the species presen t , s tage of growth , soil  type and managemen t 

imposed upon i t  ( Baker , 1976 ) . When crude protein  con ten t  in  

the feed falls below 6-8% , the  appe t i te of the animal will  be  

depressed by a deficiency of  protein  and food in take will  be  

less than migh t  be  expec ted ( Minson , 1982 ) . Herbage intake is  

also influenced by  the  cell  wall con t en t  of the ma terial  ( Van 

Soes t , 198 2 )  or the deficiency of o ther nu tr i en t s  such as 

minerals ( VanEs , 1983 ) . 

As a general princi ple diges t i b i l i ty i s  a sa t i s fac tory 

way of examining nu t r i t ive value and i t s influence on t he 

amoun t of  feed requi red by an animal ( Hodgson , 1977 ; 

Poppi , 1983 ) . Diges t i b i li ty is  a maj or det erminan t of  pas ture 

quali ty ,  consequen t ly i t  can affect  animal performance 

( Holmes , 1987 ) .  Hodgson ( 19 7 7 )  showed a linear and cons t an t  

ra t e  of  i ncrease 

d iges t ib i l i t ies up 

in herbage intake over 

to OM d iges t i b i l i t i es of 

a 

80 

range o f  

8 3 %  for  

graz i ng ani mals . However ,  the rela t i onship  i s  imprecise  and i t  

i s  no t a good predic tor . The in t rins ic  charac ter i s t i cs o f  

plan t s  whi ch determine d iges t i b i l i ty are not  necessar i ly t he 

s ame as those affect i ng herbage in take ( Leaver , 1976 ) . The 

d i fferences in  animal response are related to  the d i f ferences 

in t he s i t e  of d iges t ion of  the pro tein  and organ i c  ma t ter  

( Poppi , 1983 ) . I t  seems tha t  the  effect  o f  d iges t i b i l i ty on 

herbage i n t ake is related to  ra te  of  passage . 
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The fac t ors affec t ing the d iges t i b i l i ty has been revi ewed 

in d e t a i l  ( Raymond , 1969 ; Reid  et al , 1980 ; Minson , 198 1 ; 1 982 ) . 

The ef fec t s  of  decl ining intake and diges t i b il i ty upon nu t rien t  

i n t ake i s  add i t i ve (Hodgson , 1979b ) . 

2 . 5 . 3  Sward Dens i ty and Herbage Height . 

In  the range of  values for bulk dens i ty commonly found i n  

be insens i t i ve t o  t emperate  pas tures , herbage intake appears t o  

changes in  bulk dens i ty in  the grazed hori zon 

Al t hough the s i ze of individual mou thfuls of 

fall once the dens i ty of material in the sward 

sward falls below 25 kgDM/ha/cm ( S tobbs , 1973 ; 

(Hodgson , 1981 ) . 

herbage t ends t o  

hori zon of  a 

Hodgson , 1979b ) . 

Hodgson ( 1 977 )  sugges ted an asympto t ic  rela t i onsh i p  

be tween herbage height  and herbage in take , for s e t -s t ocking 

cows . The higher herbage intake associated wi th  increas ing 

hei gh t , appears to  be rela ted t o  to  an increased s i ze o f  bi te  

( Hodgson , 1982 ) . The heigh t to  whi ch grass i s  grazed , is  

frequent ly used to  es t imate  the  amoun t o f  herbage avai lable for  

con t inuous graz i ng animals ,  and for  break-grazed cows . 

2 . 5 . 4  Herbage Mass . 

The incremen tal increase i n  intake or animal perfo rmance 

per uni t  of  herbage mass decl ines rapidly following t he law of  

d imini shing returns as herbage mass increases ( Hudges , 1983 ; 

Hodgson , 1984) . The rela t i onsh i p  be tween herbage mass and 

herbage in take has been repor ted to be 

( Hodgson , 1977 ; 1979 ; Combellas and Hodgson , 1979 ; 

Jamieson , 1981 ; Meij s , 1982 ) . However , Meij s 

S tockdale ( 1985 ) did  not  f ind these resul t s .  

authors sugges t ed that the decline i s  probably 

asymp to t i c  

Hodgson and 

( 1981 ) and 

The lat ter  

rela t ed t o  
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decreases in  herbage quali ty whi ch are usually associa ted wi t h  

increases in  herbage mass . 

Intake per b i te  has been shown t o  decrease as herbage 

mas s  declined for sheep and cat t le ( Allden and Whi t taker , 1970 ; 

Jamieson , 1975 ; Chacon e t  al , 1976 ; Forbes and Hodgson , 1985 ) . 

The mechani sms of  behavioural compensa t ion ( increased graz i ng 

t ime or rate o f  b i t ing )  for a decl ine in  i n take per bi te  are 

no t enough t o  maintain to tal in take ( Chacon e t  al , 197 6 ;  

Jamieson and Hodgson , 1979 ; Hodgson , 1 981 ) .  

2 . 5 . 5  Herbage Allowance . 

Herbage allowance ( DHA ) has been shown to be an impor tant  

de t erminan t o f  t he herbage intake and consequen t ly of  t he 

animal performance of lac tating da i ry cows ( Combellas and 

Hodgson , 197 9 ;  LeDu et al , 1979 ; Bryan t , 1980; Glassey e t  

al , 1980 ; King and S tockdale , 1984 ; M i t chell , 1 985 ;  

S tockdale , l985 ) or non-lacta t ing cows ( No t t ingham , 1978 ; Holmes 

and McClenaghan , 1980 ; Ngarmsak , 1982 ) .  I t  has been used for  

ro t a t i onal graz ing sys t ems . It  i s  no t appli cable t o  

set-s tocking sys t ems . 

The rela t ionship be tween DHA and herbage intake , and 

be tween DHA and animal performance have been proposed to be 

asymp t o t i c  ( Greenhalgh et al , 1975 ; Combel las and Hodgson , 19 7 9 ; 

Bryan t , l980 ) .  Herbage OM intake approaches maximum a t  an 

allowance 4 t i mes  greater than the amoun t ac tually ea ten 

( Hodgson , 197 6 ) , bu t only s tar ts  to  decl i ne markedly when DHA i s  

less than twi ce i n take for lac tat ing cows ( LeDu e t  al , 197 9 ) . 

Graz i ng t ime increased as DHA decreased t o  about 3 2  

kgDM/ cow/day bu t a s  DHA decreased further graz i ng t ime also  

decreased ( S tockdale and King , 198 3 )  for  lac tating cows . 



34 

Associa ted wi th increase in DHA i s  an increase i n  

res idual herbage mass  ( RHM ) , and DHA or RHM can be used to 

i nd i cate  herbage intake ( LeDu e t  al , 1979 ; King and 

S tockdale , 1984 ; Holmes , 1987 ) . 

The limi t ing fac tor concerning DHA and i t s effect on 

herbage intake is the heigh t  of the res idue left  a f t er graz ing , 

bu t heigh t  of  the residue can vary widely , for the same DHA and 

DM in take , depend ing on the pregraz ing herbage mass  ( Grainger 

et al , l982 ; Leaver , 1986 ) . Al though , behavi oural fac tors 

probably limi ted the in take at low allowances ( Hodgson , 197 7 ;  

Meij s , 1981 ) .  The effect  o f  DHA can be affected by pas ture 

s pecies ( S tockdale , 1985 ) , 

Hodgson , 1979 ) , season 

herbage mass 

(Holmes , 1987 )  

(Combellas and 

and qual i ty 

( Hoogendorn , 1987 ) . To avoid  part of tha t variab i l i ty Bu tler e t  

a l  ( 1987 )  sugges ted tha t DHA should b e  expressed in  terms o f  

green leaf . 

Herbage produc t i on may be rela t i vely insens i t ive , wi thin  

certain l imi t s ,  to  var i a t i ons in  DHA or RHM in  es tabli shed 

swards ( Hodgson , 1984 ) . Al though the inf luence on botani cal 

compo s i t i on are of  poten t i al importance ( Holmes and 

Hoogendoorn , 1985 ) .  

2 . 6  YATER CONSUMPTION . 

Yater  i s  one o f  the mos t  impor tant  nu t rien t s  for dai ry 

cows (Ni cholson , 1985 ) . I ts main  fuct ions are : ac t as a 

solvent ( t ransport ) ,  as a cooling agent ( due to i t s high heat 

capac i ty ,  h igh thermal conduc t ivi ty and high latent hea t o f  

vapor i za t i on ) , as a lubri can t , also the movement  of  energy 

be tween and wi thin the organi sms of an ecosys tem i s  rela ted t o  

o r  dependant o n  water ( MacFarlane and Howard , 19 70 ; More and 

Sahli , 1981 ;  Lanham e t  al , 1986 ) . 
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consumed volun t ar i ly ,  water con tained in  feed 

wat e r  formed wi thin  t he animals as a result 
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from : wat e r  

and o n  feed , 

of  me t abo l i c  

oxida t i on and wat e r  in inspi red a i r  ( Le i t ch and Thomson , 1944 ; 

Ni cholson , 1985 ) . The prac t i cal importance of wat er from 

oxidat ion for the general balance of  the cow is no t easy t o  

relat e  wi th the wa t er inpu t . 

The maj or avenues of  wa ter loss from body are : faeces , 

urine , evapora t i on from the lungs and skin and animal produc ts  

( m i lk) . In  tempera te  cond i t i ons where t he loss by  evapora t i on 

i s  not  as cri t i cal as in tropical cond i t ions , the main  need for 

wa ter  is to mee t phys i ologi cal cond i t i ons . 

The homeos t a t ic  con trol of  body wa ter conten t  i s  

dependen t on a regulated balance of  hormonal and neural 

mechani sms . I t  depends on a sens i t i ve regula t i on of  t he 

An t id iure t i c  hormone ( avoid overhyd ra t ion)  from the 

neutohypophys i s  and on an effi cient thi rs t mechanism that  

ensures tha t wa t er loss is  

( Andersson , 1978 ; Olsson and 

Rolls , 1982 ) .  

compensated 

Kinley , 1980 ; 

by drinking 

Rolls and 

The role of the rumen as a water '' reservoir"  i s  a general 

charac teris t i c  of ruminan t s  (Andersson and Olsson , 1 970 ; 

Shkolnik e t  al , 1980) . I t  has been sugges ted that any changes 
------

in  the rumen med i um are l ikely to al ter the fermen t a t i on 

pat t ern and i n  t urn the func t ion o f  the rumen ( More and 

Sahni , 1981 ) .  However , Andersson ( 1985 ) repor ted that low wat er 

t emperature can depress mi crobial ac t iv i ty i n  the rumen . 

Drinking Vater The main me thod for replacing water los t i s  by 

d rinking , al though water in and on plan t s  may be an important  

s ource . In New Zealand , Yrigh t and Jones ( 1974)  repor ted that 

d rinking water  was equivalen t to  30% o f  the t o tal wat e r  

consumed , whi le a corresponding value o f  1 8% was reported by 

Cas t le and Yat son ( 1973 )  in the U . K .  An impor tan t  fac t o r  
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i nvolved in the wat e r  balance i s  water turnover or the 

propo r t i on of  wa ter  u t i li zed in a given uni t of  t i me 

( Ni cholson , 1985 ) .  

I t  has been sugges t ed tha t  there are 2 types of drinking . 

Primary drinking , in whi ch the consump t i on o f  water  i s  

developed when relat ive o r  an absolu te lack of  body wa ter  i s  

present (Andersson , 1978 ) ; and secondary drinking in  wh i ch t he 

consump t ion of  wa ter i s  developed when there is  no in ternal 

need for water ( e . g .  Dry mouth) . 

Wat er intake i s  affec ted by : animal fac tors such as age , 

sex , s i z e ,  me tabol i s m ,  physiologi cal cond i t i on of  the animal , 

performance , body water  conten t ,  ac t ivi ty , breeds ( be tween and 

wi thin) ; envi ronmen t al fac tors such as season , a i r  

t emperature , rainfall ( Cas tle and Wa tson , 197 3 ;  Cowan e t  

al , 1978 ) , relat ive humidi ty , solar rad i a t i on ,  wind , qual i ty ,  

quan t i ty and temperature o f  the wa ter ; nu t r i t i onal fac tors  

such as  diet  ( qual i ty ,  type or  form) , feed in take , and animal 

managemen t fac tors such as type of  housing ( Campbel l , 1958 ; 

Payne , 1966 ; MacFarlane and Howard , 1970 ; Cas t le , 1972 ; Cas t le 

and Watson , 197 3 ;  Wrigh t  and Jones , 1974 ; Cowan e t  al , 1978 ; 

Odwongo , 1983 ; Ni cholson , 1985 ) . Any fac tor that af fec t s  wa ter  

turnover will  influence the  drinking requ i rement s  of  the an imal 

or viceversa . 

Some of  those fac t ors are discussed briefly : 

Body Con ten t  Water compri ses be tween 60 - 80% o f  t o t al body 

weigh t . However , th is  i s  affec ted by several fac tors . One o f  

them is  the body compos i t ion , thus f a t  cows may have less than 

50% and thin as much as 70% of wa ter of  the to tal body weigh t 

(Reid e t  al  ci ted by ARC , 1980 ) . 

Phys iologi cal S ta te  Physiological s ta te  and s t a t e  of  growth  

a f fect  water intake . Benlaml ih e t  al ( 1985 ) working wi th  goa t s  

sugges ted that the change i n  water in take associated wi th  
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pregnancy was related to  hormonal changes ( Placen tal lac t ogen ) . 

The rela t i onship between s i ze , produc t ion and drinking capaci ty 

was far from perfect  for graz i ng cows (Campbell , 1958 ) . Water 

turnover is  generally accep t ed to  be  slower in dry cows than 

for lac t a t ing cows ( Wrigh t  and Jones , 1974; Cowan et al , 1978 ; 

Wood ford e t  al , 1984) , sugges t ing t hat  i t  i s  relat ed t o  m ilk 

produc t ion and the increase in  food intake . Wa ter drunk by 

lac t a t i ng cows was pos i t ively and s i gn i f i cant ly relat ed t o  the 

mean daily milk yield and the DM con t en t  o f  the ra t i on ( Cowan 

e t  al , 1978 ; Murphy e t  al , 1983 ) . 

Food Intake Payne ( 1966)  sugges ted t hat  drinking large volumes 

of wa ter  had no effect  on food intake . Increas ing in takes o f  

food in take are generally assoc iated wi th  increas ing volun tary 

water in take (ARC , 1 980 ; More and Sahni , 1981; Murphy e t  

al , 1 983 ; S tockdale and King , 1983 ) . 

The role of  food intake in  relation t o  wa ter intake i s  

associ a t ed wi th i t s role a s  a wa ter source and by the l inkage 

be tween food intake and wat er intake especi ally dur ing water  

res t r i c t i ons . I t  i s  recogni zed tha t wa ter res t r i c t ions reduce 

food in take ( Le i t ch and Thomson , 1 944 ; More and Sahni , 1 981 ) . 

There i s  a biologi cal l inkage between the turnover o f  energy 

and t he cont rol of wa ter ( hypo thalamic  region ) . 

Type o f  Feed More and Sahni ( 1981 )  summar ized the correla t ions 

between hay intake and wa ter  in t ake , and concluded that the 

relat ionship  is  high and pos i t i ve . High pro t ein con t en t  o f  the 

food is associated wi th high wa ter in take ( More and Sahni , 1981 ; 

Benlaml i h  e t  al , 1 985 ) ,  s ince the ni t rogenous end-produc t s  

requi re a larger urine volume for excre t i on (ARC , 1 980 ) . 

Vat e r  t o  feed rat i o  i s  affected by a i r  t emperature 

(Richards , 1985 ) , wat er t emperature ( Brod e t  al , 1982 ; 

Anderss on , 1985 ) , water  avai lab i l i ty ( Li t t le e t  al , 1 978 ; King 
-----

and S tockdale , 1983 ) , animal performance , days o f  ges t a t i on ,  

type o f  food and amoun t o f  sal t eaten (ARC , 1980 ) . 
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The type o f  forage determines the frequency of  drinking 

( s i lage 3 . 3  t i mes vs 7 . 0  dried grass ( Cas t le and Thomas , 1975 ) . 

�hen water  i s  freely avai lable , graz ing cows usually dr ink 1 

5 t imes daily , but probably no more than 7 (Hancock , 1954 ; 

Campbell , 1958 ) .  

�ater Charac teris t i cs The quali ty of  drinking wa ter can a f fect  

l ives tock product ion due to the  amoun t of  to tal d i ssolved 

sal t s ,  t ox i c  or contamina t ing subs tances and d isease produc ing 

mechani sms (Ni cholson , 1985 ) . 

Water  temperature can af fec t animal per formance no t only 

affect ing the rumen medi a ,  bu t also the thermoregulatory s t atus  

of  the animal . Rumina t ion t ime seemed to increase wi th warmer 

water ( Andersson , 1985 ) . 

�ater avai labi l i ty The res t r i c t i on of dr inking wa ter from free 

choice t o  once or twice per day has no t shown s igni f i can t 

e f fec t s  on milk yield for lac t a t ing cows ( Campbell , 1958 ; 

Cas t le and �a tson , 197 3 ;  King and S tockdale , 1981b ) .  However ,  

Li t tle  e t  al ( 1978 ) observed a reduc t i on in milk yi eld ( 24% ) 

and food intake ( 16%) when lac ta t ing cows were res t r i c t ed t o  

40% of  the quant i ty o f  wa ter drunk by cows wi th  ad l i b i tum 

access to water . 
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2 . 7  OBJECTIVES OF THE STUDY . 

Hay has been used extens ively in  New Zealand as a w i n t er 

supplement .  However , there is  a lack of  knowledge o f  the 

e ffec t s  of  hay supplement a t ion no t only on animal intake and 

performance , bu t also on the e f fec t s  on the sward 

characteris t i cs . Any previous research , when has been done 

wi th  hay supplemen tat ion has been done mainly for lac t a t i ng 

cows , wi th  l i mi t ed informa t ion for non-lac tat ing ,  pregnant 

cows . 

The presen t s tudy was designed to  assess the e f fec t o f  

hay supplement a t i on a t  two d i f ferent herbage allowances duri ng 

the winter for non-lac tat ing cows on : the pas ture in t ake , 

res i dual herbage mass , to tal OM and ME intake , wat e r  

consump t i on and i ts e f fect  on gains in liveweigh t  and body 

cond i t ion s core . 



CHAPTER 3 
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3 MATERIALS AND METHODS 

The experiment was conduc ted for 42 days during June and 

July 1986 , at Massey Univers i ty Dai ry Research Uni t ,  Palmers ton 

Nor t h ,  New Zealand . 

The uni t i s  a seasonal supply farm , divided i n t o  paddocks 

of approx . 0 . 8  ha . The type of soil  is a clay-s o i l  Tokomaru 

s i l t  loam , whi ch has been 

paddocks of the whole uni t  

po t as s i c  superphospha te  per 

urea/ha/year . 

conserved as 

conserva t i on ) . 

The surpluses 

s i lage ( early 

drained wi th t i les and moles . The 

were fer t i l ized wi t h  350kg o f  

hec tare per year and 50- 100kg 

o f  grass during the year are 

conserva t i on ) or hay ( la t e  

The me teorologi cal d a t a  dur ing the experimen tal period 

were collec ted in  the D . S . I . R .  grass land d ivision . 

The common abbreviat ion u t i l ized dur ing the experimen t 

are shown in  Table N2 3 . 1 .  



B . C .  

DHA 

DM 

DMD 

DOMD 

GE 

h 
HA 

HA+ 

HM 

I 

IB 

LA 

LA+ 

ME 

MEI 

OMD 

p 
Prot  

q 

RB 

SEM 

RHM 

Table N2 3 . 1  Common Abbrev i a t i ons 

Body Condi t ion 

Dai ly Herbage Allowance 

Dry Mat ter 

Dry Mat ter Diges t i bi l i ty 

Diges t i b i li ty o f  Organic  Ma t ter of  t he DM 

Gross Energy 

Of the Hay 

High Herbage Allowance 

High Herbage Allowance plus Hay 

Herbage Mass 

Intake 

Intake per Bi te  

Low Herbage Allowance 

Low Herbage Allowance plus Hay 

Me t abol izable Energy Con tent 

Metaboli zable Energy In take 

Organic  Ma t t er Diges t i b il i ty 

Of the Pas ture 

Protein  Con ten t  

Me tabol izab i l i ty 

Ra te  of  Bi t ing 

S t andard error of  the mean 

Res idual Herbage Mass 

4 1  
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3 . 1 GENERAL PRE-EXPERIMENTAL CONDITIONS 

3 . 1 . 1  Pas tures and Hay . 

The pas tures u t i li zed during the experimen t cons i s t ed 

mai nly o f  perenni al ryegrass ( Lolium perenne ) and whi te clover 

(Tri folium repens ) , wi th a small propor t i on o f  cocks foo t 

( Dactyl i s  glomera ta ) , phalar i s  ( Phalari s  spp . ) and prai r i e  

grass ( Bromus ca thar t i cus ) . 

The hay was produced in the farm from swards o f  s imilar  

bo tanical compos i t i on .  

The area used t o  run t he experimen t was 5 . 1  ha . I t  

cons is ted o f  s i x  paddocks , whi ch were mole-drained recen t ly 

( 1-2 . 5  years ) .  

3 . 1 . 2  Animals and Treatmen t s . 

24 pregnan t ,  non-lac tat ing cows that  had comple t ed 2 or 

more lac t a t i ons were randomly d i s t r i buted to  four experimen tal  

groups . De tails  o f  the pre-experimental age � days o f  

ges ta t i on ,  fas ted liveweight and body cond i t ion score are 

repor ted i n  Table  N2  3 . 1 . 1 .  
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Table N2 3 . 1 . 1 . Pre-experimen tal age , days of  ges t a t i on ,  fas t ed 

l iveweight and body cond i t ion score o f  the 

animals alloca ted to  the d i f feren t t reatmen t s . 

L . A .  

Age ( Years ) 6 . 5  

± S . E . M . ( 0 . 8 )  

Days of  ges ta t ion 2 1 7  

± S . E . M .  ( 2 . 0 ) 

Liveweigh t ( kg ) 481 

± S . E . M .  15 . 8  

Body Cond i t i on ( Score ) 5 . 3  

± S . E . M .  0 . 5  

TREATMENTS 

L . A . +  

6 . 7  

( 0 . 8 )  

204 

( 8 . 0 ) 

497 

24 . 5  

5 . 2  

0 . 3  

H . A .  

6 . 2  

( 0 . 7 )  

198 

( 6 . 0 ) 

497 

26 . 2  

5 . 0  

0 . 4  

Means wi thin the same l ine are not  s ign i f i can t ly 

d i f feren t ( P<0 . 05 ) . 

The four groups were defined : 

1 . Low dai ly herbage allowance ( LA )  

2 . Low dai ly herbage allowance plus hay ( LA+ ) 

3 . H igh daily herbage allowance (HA )  

4 . High daily herbage allowance plus hay ( HA+ ) 

H . A . +  

6 . 5  

( 0 . 8 )  

2 10  

( 7  . 0 ) 

485 

20 . 0  

5 . 2  

0 . 2  
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Add i t i onal to  those t reatmen t s  was conduc t ed ano ther 

group of  cows o f  s imilar charac teri s t ics  whi ch was al locat ed to 

very low herbage allowance (5 kgDM/cow/day ) and supplemen t ed 

wi t h  hay ( 5KgDM ) .  These animals were wi thdrawn from the 

experiment af ter  one week , because of  d i f ficul t ies in  the 

management and severe damage of the paddocks by t read ings . 

De tails o f  the pas ture DM and hay planned t o  o f fered t o  

t h e  d i f feren t t reatmen t s  are shown in Table N 2  3 . 1 . 2 .  

Table N2 3 . 1 . 2 . Details of the pas ture DM and hay planned to  

of fered t o  the d i fferen t t reatmen t s . 

Herbage Allowance 

( kgDM/ cow/day ) 

Hay O f fered 

( kgDM/ cow/day ) 

LA 

9 

0 

LA+ 

9 

5 

HA HA+ 

14 14 

0 5 

The amoun t of  hay o f fered was adj us ted weekly depend ing 

on the mois ture con ten t . 

The LA d i e t  was planned to  sat i s fy the cow ' s  requi remen t s  

for  maintenance and pregnancy ( ARC , 1980 ) . The es t i ma t ed in take 

assumed was the values repor t ed by Holmes and McClenaghan 

( 1979 ) , wi th s imi lar type of grasses , bu t wi th light e r  animals . 

The LA+ and HA t reatmen t s  were des igned to reach s i m i lar 

levels of DM in take . 



Management Sward and Animals . The cows were offered one new 

s t r i p  of fresh pas ture each day in the morning . Each b reak was 

backfenced not only to prevent the cows from having access t o  

the preceed i ng pas ture of fered , b u t  also to  preven t damage by 

pugging .  
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The hay supplement was o f fered in t roughs , a f ter  t he new 

break of pas ture was offered . All the hay offered during the 

experimental per iod was ea ten . On one day during the 

experimen t ,  due to  ex t reme wea ther cond i t ions , the an imals were 

taken out of the paddock and reloca ted in a dry area , where the 

DM allowance was of fered as hay . 

The animals were given con t inuous access to  wa ter  i n  

t roughs . 

3 . 2  MEASUREMENTS . 

3 . 2 . 1  Pas ture . 

The pas ture was cut before and af ter  graz ing on 19  

occas i ons ( �al t ers and Evans , 197 9 )  during the whole 

experimen t .  On each occas i on 5 quadrats ( 0 . 1875m2 each ) were 

cut to ground level for each t reatmen t . Simul taneously , 

ano ther 5 samples per t reatmen t were cut  a t  around 4 ems . 

above ground for chemi cal analys i s . A  sheep shearing hand piece 

powered by a mobi le pe t rol generator was used to cu t the 

herbage . Th i s  opera t ion was always made by the same operator , to  

prevent t he var i ab i l i ty associa ted wi th the technique ( Thomson , 

1986 ) .  



46 

After  cu t t i ng ,  the samples cu t t o  ground level were 

washed to remove soil  cont aminat ion and dr ied at 70-80°C for 3 6  

hours . Herbage mas s , kgDM/ha , was subsequen t ly calcula ted f rom 

the dat a .  

The samples cut at  4cms above ground level were dried a t  

70  -80 °C for 7 2  hours , then ground and passed through a 2mm . 

s i eve . Those samples were subj ected t o  analyses for : 

a )Gross energy Concen trat ion-kj /kg-

( Ad i aba t i c  Calorime ter Bomb ) , 

b ) Ni t rogen Concent ra t i on-g/kg- ( Kj endahl ) ,  

c ) Ash  concen tra t ion-g/kg- ( 500 °C/ 24hours ) ,  

d ) in vi t ro d iges t i b i l i ty (Roughan and Holland , 197 7 ) . 

The measured pregraz ing herbage mass was used , t ogether 

wi th  the requi red daily herbage allowances , to  calculate the 

areas of  pas t ure t o  be grazed by the four groups o f  cows . The 

width  of  the paddocks was always f i xed ( P ropor t ional to  the 

allowance ) .  The daily length of the break was the adj us t ab le 

measure . 

3 . 2 . 2  Hay . 

Samples were taken dai ly from t he hay offered to  each o f  

the supplemen t ed groups . Those samples were bulked wi thin  each 

paddock . Af ter  mixing ,  drying , grind i ng and pass ing through a 

2mm . s ieve , the samples were sent t o  t he laboratory to  carry t he 

same analys i s  previously described for  t he pas ture . 

In vivo Diges t ib i l i ty of  Hay The in  vivo d iges t i bi l i ty o f  the 

hay o ffered was evaluated using 4 sheep . Liveweight o f  the 

animals was 3 7 ±2Kg at  the s tart  of  the d iges t i bi l i ty  peri od . 

The level o f  nu t r i t ion was planned to  be a t  maintenance . The 

animals were allowed to become accus t omed to  the hay as a sole  
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diet  for 14 days pre-experimental period be fore collec t ion of  

the data began . The  experimen tal t i me las ted 14  days . The hay 

o f fered and refused , and the faeces were weighed dai ly ; the 

faeces and the refusal were bulked and s tored at -4 °C . Samples 

o f  the faeces , hay o f fered and refused for each o f  the animals 

were dried at 70  - 80°C for 48 hours , and then subj ected t o  

laboratory analys i s , as descri bed previously for the pas ture . 

Calcula t ions 

DM of fered -DM refused -DM faeces 

DMD%=---------------------------------xlOO 

DM o f fered -DM refused 

OM of fered -OM refused -OM faeces 

OMD%=---------------------------------xlOO 

OM o ffered -OM re fused 

GE of fered -GE refused -GE faeces 

DE %=---------------------------------xlOO 

GE o f fered -GE refused 

PROT o f fered-PROT re fused-PROT faeces 

PROTD%=------------------------------------xlOO 

PROT of fered -PROT refused 

In v i t ro Diges t i bi l i ty of the Feeds The in vi tro diges t i b i l i ty  

was measured us i ng the technique des cri bed by Roughan and 

Holland ( 1977 ) .  The values repor ted were DMD , DOM and DOMD . The 

me tabolizabi l i ty of t he diet  was defined as the propor t i on o f  

ME/GE (ARC , 1980 ) , and was calculat ed assuming that t h e  DOMD 

was the diges t ib i l i ty of the energy (Holmes and Wi lson , 1984 ) 

and that the me tabol i zable energy was cons idered 81% o f  t he 

calculat ed d iges t ible energy ( MAFF , 1984 ) . 
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3 . 2 . 3  Sward Measuremen t s . 

Dai ly herbage allowance , pregraz ing herbage mas s , 

res i dual herbage mass and degree o f  defolia t ion were used as  

d e f i ned by Hodgson ( 1979 ) . The  dai ly me taboli zable allowance 

was defined as the to tal ME offered in the d ie t  to  the cows , 

expressed in  MJME/cow/day . 

Apparen t herbage in take was es t imated as the d i f ference 

be tween the pregraz ing herbage mass and the res idual herbage 

mas s , mul t i p l ied by the area alloca ted dai ly d iv ided by t he 

number of cows graz ing dur i ng tha t t ime . I t  was expressed as 

kg/ c ow/day o f  fresh ma t t e r ,  kg DM/cow/day for dry ma t ter and 

MJME/cow/day for me taboli zable energy . The concen t r a t i on of  DM 

i n  the d ie t  was calculated as the apparen t DM in take ( gr . ) 

when a kg of  fresh ma t ter was consumed . ( gr . DM/kg ) 

Subs t i tu t ion ra te was de fined as the change ( uni t s )  in  in take 

o f  pas t ure when the animal consumed one uni t of hay . I t was 

expressed in dry ma t ter (kg OM ) or me tabolizable energy 

( MJME . ) .  

Calculat ions o f  the Me tabol i zable Energy For the supplemen t ed 

d i e t s ,  i t  was assumed that the diges t i b i l i t ies o f  the two feeds 

were i ndependen t ,  and that there was no in teract i on as repor t ed 

by Eldridge and Kat ( 1980) ; Corbe t t  ( 1978 ) . The values used 

for the d i f feren t d iges t i b i l i t i es were the in vi t ro calcula t ed 

ones . 

me tabolizab i l i ty ( q ) =0 . 81*DOMD 

GEP*qP *DMIP +GEh *qh *Ih 
ME( MJ/cow/day ) =--------------------------­

Total apparen t DMI . 

See Table N2 3 . 1 .  
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3 . 2 . 4  Ani mal Measurement s . 

Liveweigh t  The cows were weighed on two consecu t ive days 

i mmed iately prior  to  the s tart  of the experimen t and on two 

days commenc ing 48 hours af ter  the exper imen t . Cows were fas t ed 

for  18  hours prior  t o  weighing to  avoid  a confound ing effec t by 

gu t -f i ll . The 48 hours i n terval be tween the termina t ion of  t he 

experiment al per i od and the final weighing was t o  minimize t he 

e f fect  of  pos s i ble gu t f i ll  d i f ferences between t rea tmen t s . 

The values o f  the two consecu t ive days  was averaged , excep t for  

one cow in  the HA t reatment that  aborted prior to  the f i nal 

weighing day . 

The unfas t ed l iveweigh t of the cows was corrected using 

the ARC ( 1980) regres s ion equa t ion to  calculate the es t ima t ed 

weigh t of  the gravid u t erus , assuming that the we igh t  of  t he 

calf a t  calving would be approxima tely 40 kg . These values are 

reported as the net  cow ' s l ivewe igh t . The net l i vewe igh t  gain  

was  def ined as the d i f ference in ne t livewe igh t  between the 

s tar t and the end of  the experimen t ,  previously corrected by 

the es t imated weight  o f  the gravid uterus . The requi remen t s  

f o r  maintenance of  the cows were calculat ed using t he 

me thodology repor ted by Hu t ton ( 1962 ) . 

Body Cond i t i on Body cond i t i on score for each cow was assessed 

a t  the same t ime as the l ivewe ight . The score sys tem u t i l i zed 

was that repor ted for Sco t t  et al ( 1980 ) , wi th  a range of  1-10 . 

The s cores o f  the two consecut ive days were averaged . 
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3 . 2 . 5  Wa ter  Measurements . 

The quan t i t ies  of  water drunk each day were calcula t ed 

from the quan t i t i es which di sappeared from the wa ter t roughs 

af ter correc t i on for rainfall and evapora t ion ( See Table N Q  
4 . 2 . 5 ) . Wat e r  was measured a t  leas t three t imes per day . 

The t o t al apparent water in take was es t ima ted as 

wa ter drunk volun t ar i ly plus the water inges ted in the 

eaten (ARC , 1980) . Wa ter inges ted wi th  the food was assumed 

be the con tent  o f  wat er wi thin and on the feed , and 

de termined as the moi s ture con tent  of the sample . 

Calculat ions 

Apparent t o t al ( To tal DMI*mo i s ture con t en t )  
Wa ter I n t ake ( l t s ) =Wa ter drunk+--------------------------­

DM con tent 

3 . 2 . 6  Animal  Behaviour . 

the 

feed 

t o  

was 

The behavior of the animals alloca ted to the d i f feren t 

groups was evalua t ed during two consecu t ive days on three 

occass i ons (a to tal o f  six days ) .  

The rat e  of  b i t ing of  each individual was measured each 

30 minu tes  during t he firs t three hours af ter the cows received 

the new grass break , using the 20-b i te t echnique 

( Hodgson , 1982a ; Jamieson and Hogdson , 1979 ) . During four o f  

the s ix days , the herbage mass was es t ima t ed for each t rea tmen t 

group a t  in tervals o f  30 minu t es dur ing the per i od o f  2 hours 

a f ter the cows began to  graze the new areas of pas ture . A 
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r i s ing plate  me ter was used  for  these es t i mat ions o f  herbage 

mass ( Ho lmes , 1974 ) , f rom whi ch the ra te a t  which herbage was 

apparen t ly consumed could be calculat ed .  The me ter  was 

prev i ously cali brated wi th  herbage cu t t ings to ground level , 

and t hen data were regressed . 

The behavioral ac t ivi ty  was measured during the dayl igh t 

t ime over 8 days . The even t s  observed were d i v ided into : 

graz i ng ,  ea t ing hay , ruminat ing , drinking or idl ing . The 

res t ing , s tanding , and idling were repor ted as idl ing .  I f  the 

ac t iv i ty was no t clear when the animals were observed , i t  was 

allowed 20 seconds to equ i l i bra te  before i t s  ac t ivi ty was 

repo r t ed . The observat i on were compi led each 30 minu t es during 

the f i rs t  three hours the cows were offered the new s t r i p  of  

grass , and after  that  each 15  minutes . The ac t i vi ty recorded 

at one observa t ion assumed to  con t inue un t i l  the nex t 

observa t i on .  Observa t i ons ceased when i t  was no t pos s i ble t o  

d i s t i ngu i sh the ear tag iden t i f i ca t i on of  t he cows . 

3 . 3  STAT I STICAL ANALYSI S .  

The exper imen tal des ign was a 2X2 fac torial . All data 

was analyzed using the S t a t i s t i cal Analysis Sys t em ( SAS)  

comput ing package ( SAS Ins t i tu t e , 1985 ) . 

Analysis  of  percen tages were conducted on un t rans formed 

data ,  af ter  a tes t of normal i ty of the d i s t ribu t i on ( S t eel and 

Torr i e , 1 982 ) .  



The model used to define the da t a  was : 

where 

Yi j k =The observat ion on the kt h  individual 

exposed to the i t h  herbage allowance 

and the j t h  hay supplementa t ion . 

�=The unknow populat i on mean . 

a . =The e f fe c t  of the i t h  herbage allowance l. 
i = l , 2 

c . =The e f fect  of the j t h  hay supplementat ion J 
j =l ,  2 

( ac )  . .  =Effect  of the in terac t i on be tween the l. J 
i t h herbage allowance and the j th  hay 

supplementat ion . 

Ei j k =The random error associa ted wi th  the 

kt h individual exposed to the i t h  

herbage allowance i n  the j t h  hay 

supplementa t i on . I t is  assumed that Ei j k 
i s  normally d i s t r ibu ted wi th mean 0 and 

and variance a 2 • 
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Sward ( HM ,  RHM , DHA) , in take ( DMI , MEI , subs t i tu t ion ra t e  

of  the D M  and ME ) ,  water ( Water drunk , t o t al wa ter  consumed ) 

l iveweigh t and body cond i t i on gains and the behavioral ( RB ,  I B )  

d a t a  were analyzed using analys i s  o f  var iance ( S t eel and 

Torr i e ,  1982 ) .  

Liveweigh t  and body cond i t ion s core were analyzed using 

the following model : 



where 

Yi j k =The observat ion on the kt h individual 

exposed to  the i t h  herbage allowance 

and the j t h  hay supplemen tat ion .  

�=The unknow populat ion mean . 

a . =The ef fec t of  the i t h  herbage allowance 1 
i = l , 2 

c . =The ef fec t of the j t h  hay supplemen tat ion J 
j =l ' 2 

( ac )  . .  =Effect  of  the in terac t i on be tween the 1 J 
i t h  herbage allowance and the j t h  hay 

supplemen tat ion . 

I3=Regression Coeff ic ien t  associated wi th X . . • 1 J 
X . .  =Pre-experimen tal cond i t ion of score or 1 J 

livewe ight  of the j t h  cow 

exposed to the i t h  t reatmen t . 

e: . .  k =The random error assoc iated wi th the 1 J 
kt h individual exposed to the i t h  
herbage allowance in  t h e  j t h  hay 

supplementa t ion . I t  i s  assumed that e:i j k 
i s  normally d i s t r ibu ted wi th  mean 0 and 

and vari ance cr 2 • 
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Ac tual s igni f i cance levels are presen ted in the resul t s  

and unless o therwi se  s ta ted a cri t i cal  signi ficance level o f  5% 

has been t aken . 

Some regress i on analys i s  were carried , but the maj or 

limi t a t i on t o  develop those resul ts  were the kind o f  

i nforma t ion compi led , some of  t h e  informa t ion was ind i v idually 

( l i  veweigh t ,  body condi t i on ,  e t c . ) ,  and some was group 

informa t i on ( herbage in take , wat er drunk , e t c  . .  ) .  

The resul ts  are repor ted as means ± s tandard error o f  the 

mean . 



CHAPTER 4 
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4 RESULTS 

4 . 1  SVARD CHARACTERISTICS . 

4 . 1 . 1  Pregraz ing Cond i t ions . 

There was l i t tle  var ia t ion 

be tween the s i x  paddocks 2733  

i n  pregraz ing herbage mas s  

± 4 4  kg/ha (Table N24 . 1 . 1 . ) .  

However , t he pregraz ing herbage mass of the areas allocat ed t o  

the low allowance groups was s igni f i can t ly grea ter t han t hose 

of  the h igh allowance ( P<O . OS ) . Th is  d if ference was apparen t ly 

due t o  chance . The dry ma t ter concen tra t ion of the 

during t he experimen tal period was 1 5 . 1% ( ±0 . 2 ) . 

mat ter concen t ra t ion of  the hay of fered to  the cows was 

( ±0 . 02 ) . 

pas ture 

The d ry 

8 3 . 0% 
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Table N24 , 1 . 1 . Mean values and resul ts  of  ANOVA for the 

quan t i t i es o f  Pregraz ing Herbage Mas s (KgDM/ha) 

and Concen trat i on of  the Dry Ma t te r ( % )  for 

the four t reatments . 

TREATMENTS Sig . Level 

Paddock N2 L . A .  L . A . +  H . A .  H . A . + ± SEL S M  DHA HAY1 

1 2 9SS 2817  26S7 2783 

2 241 1  2 765  2522 2486 

3 3063 3 1 7 1  2981 2697 

4 26S8 2S27 2613  2310  

s 3272  3 1 14 2859 3100 

6 2684 23S2 2 186 2 130 

MEAN 2862 2808 2640 2620 85 * NS 

DM Concen t ra t ion ( % )  14 . 6  15 . 3  15 . 4  14 . 9  0 . 45 NS NS 

NS : No t  s igni f i cant ( P> 0 . 05 ) . The symbols ( * ) '  ( ** )  and ( *** ) 

indicate  the s ign i f i cance levels of  P<0 . 05 ,  P<0 . 01 and P<0 . 00 1 , 

respe c t ively . 1 The i n terac t i on be tween herbage allowance and 

the level of hay supplemen t a t ion was not s igni f i can t ( P>O . OS ) .  

The dai ly quan t i t ies of  herbage allowance , hay and t o t al 

DM of fered to  the d i f feren t groups are shown in  Table N2 

4 . 1 . 2 . The quan t i t ies o f  t o t al DM of fered to the LA+ and HA 

t reatment s  was simi lar , although the energy o ffered was 

d i f feren t , because of the d i f ferences in quali ty be tween t he 

two d i e ts . 



56 

Table N2 4 . 1 . 2 . Mean values ahd resul t s  of  ANOVA for the 

quan t i t ies of  Herbage Allowance , Hay , and 

To t al DM offered per cow daily ( KgDM/ cow/day )  

for the four t reatmen t s . 

DM Allowance 

As Herbage 

As Hay 

To t al 

TREATMENTS 

L . A .  L . A . + H . A .  H . A . + 

9 . 2  9 . 1  13 . 4  13 . 4  

0 . 0  5 . 0  0 . 0  5 . 0  

9 . 2 14 . 1  13 . 4  18 . 4  

1 See foo tno t e  for Table 2 4 . 1 . 1 . 

Sig . Level 

± SEL S M  DHA HAY1 

0 . 32 *** NS 

0 . 32 *** *** 

The s tocking dens i ty for the low and high allowance was 

of 311  and 191  cows /day/ha respec t ively . 

The in vivo dry mat ter diges t i b i l i ty ( D . M . D . ) 

was 56 . 2% ( ±0 . 01 )  ( Table N24 . 1 . 3 ) and the i n  vi t ro 

of  the hay 

dry ma t ter 

d iges t i bi l i ty was 58 . 5% ( ±1 . 0 ) . The in  vi t ro dry ma t ter 

d iges t i b i l i ty of  the pas ture was 7 7 . 9% ( ±0 . 15 ) . There was no 

s igni f i cant d i fference in  diges t i b i l i ty be tween paddocks . The 

me tabol izabil i ty of  the herbage and the hay during t he 

experiment was calculated to  be 0 . 59 ( ±0 . 01 )  and 0 . 44 ( ±0 . 01 ) 1  

respect ively . 

The daily quan t i t ies  of herbage , hay and t o tal ME o ffered 

to  the d i f feren t groups are shown in Table N2 4 . 1 . 4 . The quan t i ty 

o f  total ME was increased s ign i f i can t ly by the higher herbage 

allowance and by supplemen tat ion wi th hay ( P<0 . 0001 ) .  
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Table NQ4 , 1 . 3  Data  for  the  i n  vivo d iges t i b i l i ty o f  the 

SHEEP 

NQ 

1 

2 

3 

4 

MEAN 

± S . E . M .  

hay , for the Dry Mat ter , Energy , and Organic  Mat t er 

( % ) . 

DMD 

55 . 8  

55 . 6  

58 . 3  

55 . 2  

56 . 2  

0 . 01 

ENERGY 

(% )  

52 . 2  

53 . 5  

55 . 4  

51 . 5  

53 . 2  

0 . 01 

OMD 

56 . 0  

56 . 3  

58 . 8  

55 . 8  

56 . 7  

0 . 01 

Table NQ4 , 1 . 4 . Mean values and resul ts  of  ANOVA for the 

quan t i t ies of Me tabolizable Energy offered 

ME Allowance 

As Herbage 

As Hay 

To t al 

from the Herbage , Hay and To tal Energy Allowance 

( MJME/cow/day)  for  the  four t rea tmen t s . 

TREATMENTS S i g . Level 

L . A .  L . A . +  H . A .  H .  A . +  ±SEL S M  DHA HAY1 

106 104 154 154 3 . 8  *** NS 

0 . 0  38 0 . 0  38 

106 142 154 192  3 . 8  *** *** 

1 See footno t e  for Table NQ4 , 1 . 1 .  
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4 . 1 . 2  Herbage Intake . 

The mean values for quan t i t i es of herbage , hay and 

apparent t o tal OM consumed by the d i f ferent groups are shown i n  

Table N24 . 1 . 5 .  Herbage in take was increased s igni f i can t ly 

( P<0 . 001 ) by the higher herbage allowance and decreased 

s igni f i cant ly ( P<0 . 00 1 ) by the supplemen tat ion wi th  hay . The 

i n t erac t i on be tween the effec ts  of  herbage allowance and hay 

supplemen tat ion was not s igni f ican t ( P>O . OS ) . All  the hay 

o ffered to the cows allocated to  the supplemen t ed groups was 

eat en . 

The consump t ion o f  herbage was increased by 2 . 1  

kgOM/ cow/day by the higher pas ture allowance , bu t was decreased 

by 1 . 7  KgOM/ cow/day by supplemen tat ion of  hay . 

The mean values for quan t i t i es of  fresh ma t ter consumed 

and t he OM concen t ra t ion of the d ie t  consumed by the d i f feren t 

groups are shown in Table N2 4 . 1 . 5 .  Fresh mat t er consumed was 

increased s ign i f i can t ly ( P<0 . 01 )  by the h igher herbage 

allowance bu t i t  was not  s igni f ican t ly affec ted by 

supplemen tat ion wi th  hay ( P>O . OS ) . The int erac t i on be tween the 

e f fec ts  o f  herbage allowance and hay supplemen t a t ion was no t 

s igni f i can t ( P>0 . 05 ) . The groups wi th hay in the i r  d ie t  had 

higher OM concent ra t i on ( P <0 . 001 ) .  

To t al apparent OM i n take was increased s ign i f i can t ly 

( P <0 . 00 1 )  by the higher herbage allowance and by t he 

supplemen tat ion wi th  hay ( P<0 . 001 ) . The interac t i on be tween the 

e f fec ts  o f  herbage allowance and hay supplement a t i on was no t 

s igni f i cant ( P>0 . 05 ) . 

The consumpt ion o f  t o tal  apparen t OM was i ncreased by 2 . 1  

kgOM/ cow/day by the h igher herbage allowance , and by 3 . 3  

kgOM/cow/day by the hay supplemen tat i on .  
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Table NQ4 . 1 . 5 . Mean values and resul t s  of  ANOVA for the 

quan t i t ies of OM consumed from the Pas ture , 

Hay , and To tal apparen t OM intake (KgOM/ cow/day ) ,  

Fresh Mat ter in take ( kg/ cow/day) , and 

Concen trat ion of t he OM in the whole d i e t  

( grOM/kg eaten) f o r  the four t reatmen t s .  

TREATMENTS Sig . Level  

L . A .  L . A . +  H . A .  H .  A . +  ±SEL S M  OHA HAY1 

Apparen t OM I n take 

As Pas ture 8 . 1  6 . 7  10 . 5  8 . 5  0 . 45 *** *** 

As Hay 0 . 0  5 . 0  0 . 0  5 . 0  

To tal !ntake 8 . 1  1 1 . 7  10 . 5 1 3 . 5  0 . 45 *** *** 

Fresh Ma t ter 54 . 9  48 . 6  68 . 8  60 . 9  3 . 6  ** NS 

Concen t ra t i on of 147 237 154 223 5 . 4  NS *** 

the OM 

1 See foo t no t e  for Table NQ4 . 1 . 1 .  
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The equat ions that bes t explain the varia t i ons in  the 

herbage in take using two var i ables are : 

Total DMI=2 . 36 + 0 . 61 DHA + 0 . 67 HAY 

( ±0 . 07 )  ( ±0 . 07 )  

( R2 =0 . 6815 , P<0 . 0001 )  

To tal DMI=10 . 54 + 0 . 87 HAY - 0 . 003 RHM 

( ±0 . 10 )  ( ±0 . 0007 ) 

(R2 =0 . 4870 , P<0 . 001 ) 

DMI=Dry Ma t ter In take (kgDM/ cow) dai ly .  

DHA=Daily Herbage Allowance ( kgDM/ cow ) daily .  

HAY=Hay consumed (kgDM/ cow ) dai ly .  

RHM=Res idual Herbage Mass (kgDM/ha ) .  

All  the vari ables included i n  the model are s ign i f ican t ( P<O . OS )  

The calculated mean values for the quan t i t i es o f  the 

herbage , hay and total apparen t to tal ME consumed daily by the 

d i f ferent groups are shown in  Table N24 . 1 . 6 . 

The ME i n take as pas ture was increased s igni f ican t ly 

( P<0 . 00 1 )  by the higher herbage allowance and was decreased 

s igni fi can t ly ( P<0 . 00 1 )  by the supplemen tat ion wi th  hay . The 

i n t erac t ion be tween the e f fects  of  hay supplemen t a t ion and 

herbage allowance was not s ign i fican t ( P>O . OS ) . 

The ME consumed as pas ture was increased by 24 MJME/day 

by the higher herbage allowance , bu t was d ecreased by 20 

MJME/day by supplement a t i on wi th  hay . 

The t o tal apparent ME consumed was i ncreased 

s ign i f i cant ly ( P<O . OO l )  by the higher herbage allowance and by 

the supplemen tat ion wi t h  hay ( P<0 . 01 ) .  The in t erac t i on be tween 

the e ffects  of  hay supplemen t a t ion and herbage allowance was 
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no t s igni f i cant ( P>0 . 05 ) . 

The t o tal ME consumed was increased by 18 MJME/day by t he 

supplemen t a t ion wi t h  hay , whi ch represen ts  only 47% of  the ME 

consumed as hay . The t o t al ME consumed was i ncreased by 24 

MJME/day by the higher herbage allowance , whi ch represen t s  60% 

of t he ext ra ME of fered , compared wi t h  the lower allowance . 

Table N2 4 . 1 . 6 . Mean values and resul t s  of  ANOVA for the 

quan t i t i es o f  calculat ed ME consumed from 

ME Intake 

As Pas ture 

As Hay 

Total d ie t  

the Pas ture , Hay , and To t al apparen t ME intake 

( MJME/cow/day )  for the four t reatmen t s .  

TREATMENTS 

L . A .  L . A . +  H . A .  H . A+ 

93 76 1 2 1  97 

o . o  38 0 . 0  38 

93 1 14 12 1  135 

Sig . Level 

± SEM DHA HAY1 

5 . 1  *** *** 

5 . 2  *** ** 

1 See foo tnote  for Table N24 . 1 . 1 .  
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4 . 1 . 3  E f fect  of  Supplemen t on Intake of  Pas ture . 

The mean values for the change in to tal intake of  OM and 

of ME caused by the consump t ion of hay ( 1kg of OM or 1MJME ) a t  

the two herbage allowances in  the s ix paddocks are shown i n  

Table N24 . 1 . 7 .  Supplemen tat ion wi th  hay resul t ed i n  an 

i ncrease in to tal OM or ME consumed , although there was a 

decrease in  the consump t ion o f  ME in  paddock NQ 3 .  

Table N24 . 1 . 7 . Mean values and resul t s  o f  ANOVA for the 

changes in  to tal in take of  OM or ME caused 

by the consump t ion of hay ( 1kgOM or 1MJME ) 

at  the two herbage allowances i n  the s i x  

paddocks . 

Change in  To tal feed intake 

kg OM per kg hayOM MJME per MJME as hay 

Paddock N2  LA+ HA+ LA+ HA+ 

1 0 . 80 1 . 07 0 .  70  1 . 1 1 

2 0 . 95 0 . 56 0 . 93 0 . 35 

3 0 . 33 -0 . 3 1 -0 . 15 -1 . 26 

4 0 . 7 3 0 . 2 1 0 . 61 -0 . 15 

5 0 . 86 0 . 9 1 0 . 8 1 0 . 88 

6 0 . 59 0 . 68 0 . 37 0 . 50 

Mean 0 .  72 a  0 . 60a 0 . 56a  0 . 35a  

± S . E . M .  0 . 10 0 . 16 

Means wi th  the same le t ter  are no t sign i f i cant ly d i f feren t 

( P<0 . 05 )  wi thin dry mat ter or  me t abol i zable energy . 
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4 . 1 . 4  Res idual Herbage Mas s .  

Mean values and values for individual paddocks for 

res i dual herbage mass ( RHM) are shown in Table N24 . 1 . 8 .  The 

quan t i ty of  RHM was s igni f i can t ly ( P<O . 001 ) i ncreased by 

supplemen tat ion w i t h  hay and by the higher herbage allowance 

( P<O . OS ) . The in terac t i on be tween the effects  of  herbage 

allowance and hay supplementat ion was no t s igni f i can t ( P>O . OS ) . 

The RHM was increased by 398 kgDM/ha by supplemen t a t ion 

wi th  hay , meanwhi le the effect  of  the higher allowance was an 

increase of  204 kgDM/ha . 

The mean values for the degree of  defo l iat ion are shown 

in Table N24 . 1 . 8 .  The degree o f  defol iat i on was decreased by 

the higher herbage allowance ( P<0 . 01 )  and also by 

supplementat ion wi th  hay ( P<0 . 001 ) .  The in terac t i on between 

the effects  of herbage allowance and hay supplemen tat ion was 

no t s igni f i can t ( P>O . OS ) . 

The degree o f  defoliat ion was decreased by 14% uni t s  by 

supplemen t a t i on wi th  hay and by 10% uni t s  by the higher herbage 

allowance . 



Table N2 4 . 1 . 8 . Mean values and resul ts  o f  ANOVA for the 

quan t i t i es of Res idual Herbage Mass of  the 

paddocks ( kgDM/ha ) , and Degree of  Defol iat i on+ ( % )  

for the four t reatmen t s . 

Res idual Herbage 

Mass 

Paddock N2 1 

Paddock N22  

Paddock N23  

Paddock N24  

Paddock N25  

Paddock NQ6  

LA 

335 

603 

318  

175  

471  

223  

TREATMENTS 

LA+ HA 

531 568 

1022 923 

1514 490 

444 218  

532 532 

495 546 

HA+ 

609 

1298 

1597 

729 

865 

775  

S i g . Level 

±SEL 5 MDHA HAY1 

64 

MEAN 362 749 566 953 79 * *** 

Degree-De fol i a t ion 87 74 78 63 2 . 8  

1 See foo tno t e  for Table N2 4 . 1 . 1 .  + Calcula ted as 

1- (RHM/Pregraz i ng Herbage Mass ) .  

* *  *** 
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4 . 2  ANIMAL CHARACTERI STICS . 

4 . 2 . 1  General . 

The pre-experimental condi t ions of  t he animals are 

repor t ed in  the previous chap ter ( See Table N2 3 . 1 . 1 . ) ;  the 

f inal liveweigh t and t he body cond i t ion score of the animals 

were adj usted us ing the ini t ial s ta t i s t i c  as a covaria te . 

4 . 2 . 2  Livewe igh t Gain . 

The mean values for the f inal l i veweight adj us ted for  

ini t ial  l ivewe ight and the liveweigh t gain  are shown in  Table 

N24 . 2 . 1 .  The f inal l ivewe igh t of the cows was s igni f i can t ly 

( P<O . Ol ) increased by the higher herbage al lowance and by t he 

supplemen tat ion wi t h  hay ( P=0 . 049 ) . The in terac t i on be tween 

the effec ts  of  herbage allowance and hay supplemen t a t i on was 

no t s igni f i cant ( P> O . OS) . 



Table N24 , 2 . 1 . Mean values and resul ts  of  ANOVA for the 

Final Liveweight ( kg/ cow ) and Liveweigh t  Gain  

and Ne t Liveweight Gain during 42 days of  

exper i men tal period for  the four t reatmen t s . 

TREATMENTS Sig . Level 
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LA LA+ HA HA+ ±SELsM  DHA HAY DHA*HAY 

"Final 499 519 524 525 4 . 9  ** * NS 

Gain  9 . 8  28 . 4  33 . 7  35 . 3  4 . 9  ** NS NS 

' Ne t  Gain -1 3 . 1 7 . 8  14 . 2  13 . 6  4 . 7  ** * * 

NS : No t  s igni f i can t ( P>0 . 05 ) . The symbols ( * ) ,  ( ** ) and ( *** ) 

ind i ca t e  the s ign i f i cance levels of  P<0 . 05 , P<0 . 01 and P<0 . 001 , 

respe c t ively . 

( " )Adj us ted , us i ng ini t ial we igh t  as a covar iate . 

( ' ) Calcula ted as Livewe ight  gain-weigh t  of  gravid  u terus . 

The l ivewe igh t gain dur ing the 42 days o f  exper i mental 

per iod was increased s igni f i can t ly ( P<0 . 01 )  by the h igher  

herbage allowance , but  the increase caused by supplemen t a t i oh 

wi th  hay was not  s igni f i can t ( P=0 . 052 ) . The interac t i on be tween 

the e f fects  of herbage allowance and hay supplemen t a t i on was 

no t s i gn i f i cant ( P>0 . 05 ) . 

The l iveweigh t  gain was increased by 15 . 4  kg by t he 

higher herbage allowance . 

Mean values for the ne t l iveweigh t  gain duri ng the 42 

days of experimen tal period are shown in  Table N24 , 2 . 1 .  The 

net l iveweight gai n  during the 42 days of experimen tal  peri od 
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was af fec ted b y  the in teract ion be tween herbage allowance and 

hay supplement a t i on ( P<O . OS ) . 

was i ncreased when hay The net l iveweight gain 

supplement a t i on was offered at the low pas ture allowance bu t 

decreased a t  the higher pas ture allowance . The calcula ted mean 

l i veweigh t gai n  of the gravid  u terus of the the cows during t he 

experimen t was 2 1 . 2  ( ±2 . 7 )  kg . 

Gains in  l iveweigh t  and body cond i t ion s core wer e  

measured f o r  each individual cow ,  whereas apparen t intakes o f  

hay and herbage were measured for groups of  cows . Bearing thi s 

l i mi ta t i on in  mind , the two var iables equat ion that bes t 

pred i c t s  the l i veweigh t  gain dur ing 42  days was : 

L . W . G . ( kg ) =-8 . 86 + 3 . 32 Hay + 2 . 57 DHA 

( ±0 . 42 )  ( ±0 . 44 ) 

( R2 =0 . 6080 , P<0 . 0001 ) .  

L . W . G . =Live weight  gain during 42  days . 

Hay=Amoun t of  hay eaten ( kgDM/day ) . 

DHA=Herbage Allowance (Kg DM . / cow/day) . 

All the vari ables included in the model are s ign i f i can t ( P<O . OS )  

The i nd i vi dual liveweigh t  gains over the experimental 

period are repo r t ed in  Appendix  N2 4 . 2 . 1  

4 . 2 . 3  Body Cond i t ion . 

The mean values for the f inal body cond i t i on score 

adj us t ed for ini t ial  body cond i t ion s core  and the change in 

body cond i t i on score dur i ng the 42 days o f  experimen tal per i od 

are shown in Table N24 . 2 . 2 .  
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The f i nal body cond i t ion score of the cows was 

s igni f i cant ly ( P<O . Ol )  i ncreased by supplemen t a t i on wi th hay 

and by the higher herbage allowance ( P<O . OOl ) .  The i n t erac t i on 

be tween the e f fects  o f  herbage allowance and hay 

supplemen tat ion was no t s igni f i can t ( P>O . OS ) . 

The gain in body cond i t ion score during the 42 days o f  

exper iment al period  was increased s i gni f i can t ly ( P<O . Ol )  by 

supplemen t a t i on wi th  hay and by the higher herbage allowance 

( P<O . OOl ) . The interac t i on between the effec t s  of herbage 

allowance and hay supplement a t i on was no t s igni f i can t ( P>O . OS ) . 

The gain in  body cond i t i on score dur ing the experimental  

period was increased by  0 . 66 uni ts  by supplementat i on wi th  hay , 

meanwhi le the e f fect  of  the higher herbage allowance was an 

i ncrease of 0 . 85 uni t s . 



Table N2 4 . 2 . 2 . Mean values and resul ts  of  ANOVA for the 

Final Body Cond i t ion Score ( uni t s )  and Body 

Cond i t i on Score Gain during the 42 days o f  

experimen tal period for t h e  four t rea tmen t s . 

TREATMENTS 

Body Cond i t ion LA LA+ HA HA+ 

" Final 5 . 22 5 . 68 5 . 83 6 . 7 1 

Change 0 . 05 0 . 53 0 . 7 1 1 . 56 

1 See foo tnote  for Table N2 4 . 1 . 1 .  

Sig . Level 

tSEL s MDHA HAY1 

0 . 1 7  * * *  * *  

0 . 18 * * *  ** 

( " )Adj us ted , us ing ini t ial Body Cond i t i on as a covariate . 
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Gains in  l i veweight and body cond i t ion score were 

measured for each i ndividual cow , whereas apparen t intakes o f  

hay and herbage were measured for groups o f  cows . Bearing t h i s  

l imi t a t i on in  mind , t he two var iables equat ion that bes t 

pred i c t s  the gai n  i n  body cond i t ion score during 42  days was : 

G . B . C . ( Score ) =-4 . 930 + 1 . 798 Hay + 0 . 059 MEH A  
( ±0 . 1 7 )  ( ±0 . 01 3 )  

( R2 =0 . 6901 , P<0 . 0001 ) .  

G . B . C . =Gain in  score in  body cond i t i on dur ing 42 days . 

Hay =Amount o f  hay o f fered ( kgDM/day) . 

MEHA=Allowance of  me t aboli zable Energy from grass . 

( M . J . M . E . /cow/day ) 

All t he variables included in the model are s igni f i can t ( P<0 . 05 )  
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The rela t i onship between the l i veweigh t  gain  and t h e  body 

cond i t ion s core gain is shown in the regress ion equa t i on :  

L . � . G . =19 . 77 + 
( ±4 . 07 )  

0 . 99 G . B . C .  

( ±0 . 41 )  

(R2 =0 . 2 100 , P<0 . 01 ) . C . V . =51% 

L . � . G=Liveweight gain dur ing 42 days ( kg )  

G . B . C=Gain in  score in body cond i t i on 

duri ng 42 days ( uni t s ) .  

C . V . =Coeffi cien t of  Var i a t i on .  

The regres s i on equa t ion be tween the ne t liveweigh t  gai n  

and the body cond i t ion s core gain i s  shown i n  Append i x  N2 4 , 2 . 2 .  

The rela t i onsh i p  be tween change in liveweigh t and body 

cond i t ion is shown in Figure NQ4 , 2 . 1 .  

The individual change in  body cond i t ion score over t he 

experimen tal per i od are repor ted in  Append ix NQ 4 . 2 . 1 .  
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4 . 2 . 4  Va ter  Intake . 

The mean values for the quan t i t i es of wa ter  drunk , 

inges ted wi th  pas ture and the t o tal quant i t ies consumed 

( drunk+i nges t ed wi th feed ) are presented in Table N2 4 . 2 . 3 .  

There were cons iderable var i a t i ons be tween paddocks due 

poss i b ly to clima t i c  effects , so  that quan t i t ies of  wa ter  drunk 

have been shown for each paddock (Table N24 . 2 . 3 . ) .  

The quan t i ty of  wa ter drunk was increased s ign i f i cant ly 

( P<0 . 00 1 )  by the supplemen t a t ion wi th hay , bu t was not  

s igni f i can t ly ( P>O . OS )  affected by  the herbage allowance . The 

interac t i on be tween the effe c t s  of hay supplemen t a t i on and 

herbage allowance was s igni f i can t ( P<O . OS ) . 

The increase in  quan t i ty o f  wa ter  drunk was higher a t  the 

low herbage allowance ( 1 3 . 0  l )  compared wi th  the high herbage 

allowance ( 7 . 0  1 ) . 

The quan t i ty of  wa ter inges ted wi th pas ture , whi ch was 

inev i t ably associated wi th  herbage in take , was i ncreased 

s igni f i can t ly ( P <0 . 01 )  by the higher herbage allowance and 

decreased s igni f i can t ly ( P<0 . 01 )  by the supplemen t a t i on wi th 

hay . The in terac t i on be tween the e f fects  of  herbage allowance 

and hay supplementat ion was no t s ign i fican t ( P>O . OS ) . 

The quan t i ty of  to tal apparent wat er consumed was 

increased s ign i f i cant ly ( P<O . OS )  by t he higher herbage 

allowance , but  i t  was no t s igni f i cant ly affec t ed by 

supplement a t ion w i th  hay . The in terac t i on be tween t he e f fec t s  

o f  herbage allowance and hay supplementat ion was n o t  

s ign i f i cant ( P>O . OS ) .  

The t o tal apparen t wat e r  consumed was increased by 1 3 . 0  l 

by the h igher herbage allowance . 
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Table N24 . 2 . 3 . Mean values for the quan t i t ies o f  Wat e r  

Paddock N2 1 

Paddock N22  

Paddock N23  

Paddock N24 

Paddock N25 

Paddock N26 

Wat er Drunk 

Wa ter inges ted 

wi th  Pas ture 

Water inges t ed 

w i t h  Hay 

Total Apparen t 

Vater Consumed 

Drunk ( l i t res/cow/day ) in each paddock and 

mean values and resul ts  of ANOVA for the 

Wa ter Drunk , Water  inges ted wi th the Pas ture 

and w i th  the Hay , and Total Apparen t Wa ter 

consumed (water drunk and inges ted wi th  feed ) 

for the four t reatmen t s . 

TREATMENTS Sig . Level1 

LA LA+ HA HA+ ± SEL s M  DHA HAY DHA*HAY 

10 . 6  23 . 3  14 . 0  24 . 8  

1 3 . 4  26 . 4  20 . 3  26 . 2  

9 . 4  24 . 1  1 1 . 6  19 . 8  

9 . 7  20 . 2  10 . 6  15 . 0  

13 . 9  25 . 8  16 . 1  23 . 8  

16 . 9  30 . 8  19 . 8  22 . 9  

1 2 . 2  25 . 2  15 . 3  22 . 3  1 . 4  NS  *** * 

56 . 4  43 . 2  69 . 8  56 . 6  5 . 1  ** ** NS 

0 . 00 0 . 85 0 . 00 0 . 85 

68 . 6  69 . 4  85 . 1  7 9 . 1 4 .  7 * NS N S  

1 See footno te  f o r  Table N24 . 2 . 1 .  
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Mean values for the relat ionshi ps be tween OM i ntake and 

water  drunk , hay OM intake and ex t ra wa ter drunk , OM intake and 

apparent t o tal water consumed are shown in Table N Q 4 , 2 . 4 .  

The quan t i ty o f  wa t er drunk per kg to tal OM consumed was 

s igni f i can t ly increased by supplemen tat ion wi th hay ( P<O . OS ) . 

However ,  the total  wa ter  consumed per kg to tal OM consumed was 

decreased by hay supplemen tat ion ( P<O . OOl ) . The effect  o f  

herbage allowance was not  s ign i f i can t ( P>O . OS ) . The i n terac t i on 

between the effec t s  o f  herbage allowance and hay 

supplemen t a t i on was no t s ign i f i can t ( P>O . OS ) . 

The apparen t to tal water  consumed was decreased by 2 . 3  

1/kg OM consumed by supplemen tat ion wi th hay . 

The increase in wa ter drunk , due to  hay supplemen t a t i on 

was 3 . 0  and 1 . 9  l ext ra wa ter  per kg hay DM consumed a t  the low 

and hay herbage allowance respect ively . 



Table N24 . 2 . 4 . Mean values and resul t s  o f  ANOVA for var i ous 

measures of Vater Consump t i on in rela t ion to 

DM Intake . Va ter Drunk and Total DM i n t ake 

( l i t res/kgDM ) ,  Ex tra Va ter Drunk and Hay DM 

Intake ( l i t res/kg hay DM ) and Total Apparen t 

Vater  Consumed and To tal DM intake 

( l i t res/kgDM ) for the four t rea tmen t s . 

TREATMENTS Sig . Level 1 
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LA LA+ HA HA+ ±SEL sM  DHA HAY DHA*HAY 

Vater  Drunk 

per DM Intake 1 . 6  2 . 2  1 . 5  1 . 7  0 . 18 NS * 

Ext ra Va ter 

Drunk per Hay 

DM Intake 0 . 0  3 . 0a o . o  1 .  9b 

To tal Apparen t 

Vat er Consumed per 

DM Intake 8 . 5  6 . 0  8 . 0  5 . 9 0 . 16 NS *** 

The same le t t ers are no t s ign i f ican t ly d i f feren t ( P>0 . 05 ) . 

1 See foo tno te for Table N24 . 2 . 1 .  

NS  

NS  

The mean values and ranges of  the envi romental cond i t i ons 

during the experiment are shown in  Table N24 . 2 . 5 .  



Table N24 . 2 . 5 . Mean values and range of  the Envi romen t al 

Cond i t ions dur ing the experimen tal period . 

MEAN SE RANGE m 
Sunshine ( hours/day ) 3 .  77  ± 0 . 23 ( 0 . 0  - 9 . 0 ) 

Rainfall ( mm . /day ) 2 . 67 ± 1 .  52 ( 0 . 0  - 32 . 1 ) 

Evaporat ion( mm . /day ) 0 . 75 ± 0 . 09 ( 0 . 0  - 2 . 8 ) 

Rela t ive humid i ty 89 . 43 ± 0 . 55 ( 7 1 . 0  - 98 . 0 ) 

\Hnd ( day t o t . Km . )  1 72 . 0  ± 7 . 19 ( 5 1  - 382 ) 

Temperature oc 
Minimum 3 . 42 ± 0 . 27 ( -2 . 0  - 10 . 3 ) 

Maximum 12 . 38 ± 0 . 18 ( 8 . 3  - 1 7 . 4 ) 

Average 7 . 90 ± 0 . 1 9 ( 3 . 9  - 12 . 5 ) 

Grassland Divis ion D . S . I . R . Palmers ton Nor th 

( La t . 40 ° 23 ' S . ; Long . 175°37 ' E . ) 
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The relat ionships be tween the environmen tal cond i t ions 

and water  drunk are shown i n  Table N2 4 . 2 . 6 .  The highes t 

pos i t ive correla t ion wi th  wa ter drunk was hours o f  sunshine 

( P<O . Ol ) ,  whereas minimun t empera ture , wind and rain fall were 

negat ively correlated wi th  the amoun t of wa ter drunk . The amoun t 

o f  rainfall ( mm . /day ) , sunshine hours and minimun t emperature 

during the experiment had the maj or inf luence on wa ter  i n take 

o f  the 7 envi romen tal fac tors . 



Table 4 . 2 . 6 . Correlat ion Coeff i c ien t s  be tween envi ronmental 

cond i t ions and quan t i t ies of  �a ter  Drunk during 

the experimental period . 

Clima t i c  E f fect  

Rainfall 

Relat ive Humid i ty 

Sunshine Hours 

Average Temperature 

Maximun Tempera ture 

Minimun Temperature 

�ind Speed 

Correlat ion 

Coefi cients  

-0 . 247  

-0 . 180 

0 . 444 

-0 . 148 

0 . 124  

-0 . 294 
-0 . 202 

Pearson Correlat ion Coefficien t s . 
1 See foo tnote  for Table N2 4 . 1 . 1 .  

Level 

Signi f i cance1 

** 
* 
*** 

NS 

NS 
* * *  
* 
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The regres s i on equat ion that bes t explains the var i a t i ons 

in  the water drunk per day us ing two var i ables , cons ider i ng 

envi roment al fac t ors and charac teri s t i cs of the d ie t  i s : 

� . 0 . 0 . =1 1 . 04 - 0 . 80 Rain + 0 . 03 CDM 

( ±0 . 14 ) ( ±0 . 003 ) 

( R2 =0 . 8642 , P<0 . 0001 ) 

W . D . D . =Water Drunk Dai ly ( l i t res ) . 

Rain  =Rainfall ( mm . /day)  

CDM . =Concent rat i on of  DM ( gr ) per 

fresh kg eaten . 
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A l l  the var i ables included in  the model are s igni f i can t ( P <O . OS )  

4 . 2 . 5  Animal  Behaviour . 

The ra t e  of  b i t ing (RB )  was measured on twelve days 

during the experi men t , for the f i r s t  three hours on the f resh 

pas ture given each day ( me thods descr ibed in ma t erials  and 

me thods ) ,  and mean values recorded are shown in Table 

N24 . 2 . 7 . Vhen a cow was eat i ng hay , the da ta  was not  included i n  

measuremen t o f  RB . 

The RB during the f i rs t  hour was s igni fican t ly ( P <O . OO l )  

increased by the supplemen tat ion wi th hay and by the higher 

herbage allowance ( P<O . Ol ) . The int erac t i on be tween the e f fec t s  

o f  herbage allowance and hay supplementat ion was no t 

s i gni f ican t ( P>O . OS ) . 

The rate  of  bi t ing was increased by 2 . 6  b i tes /minu t e  by 

the higher pas ture allowance and by 5 . 1  bi t e/minute  by t he 

supplemen t a t i on wi th hay . 

The RB duri ng the second hour was s ign if ican t ly ( P<O . OO l )  

increased by the higher herbage allowance and by the hay 

supplement a t i on ( P<O . OS ) . The in terac t i on be tween the effec t s  o f  

herbage allowance and hay supplemen t a t i on was no t s igni f i can t 

( P>O . OS ) . 

During the second and third hours , RB decreased for  the  

four t reatmen ts . Af ter  t he third hour the number of cows graz i ng 

in  t he groups supplemented wi th  hay decl ined rapidly . 
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Table N24 . 2 . 7 . Mean values and resul ts  o f  ANOVA for t h e  Rat e  

o f  Bi t ing dur ing the F i rs t , Second and Th i rd 

Hour ( b i tes/minu t e/cow ) after  the cows were 

allocated to fresh pas ture for the four 

t reatmen t s . 

Rat e  o f  B i t ing 

a ) ls t . Hour 

b ) 2nd . Hour 

c ) 3rd .  Hour 

LA 

TREATMENTS 

LA+ HA HA+ 

50 . 9  55 . 4  52 . 9  58 . 6  

45 . 0  50 . 6  52 . 2  54 . 1  

39 . 5  44 . 9  46 . 9  47 . 0  

1 See footno te  for Table NQ4 . 1 . 1 . 

S ig . Level 

±SEL s M  DHA HAY1 

0 . 96 

1 .  46 

1 .  90 

* *  *** 

*** * 

* NS 

The in take per b i t e  was es t ima ted indirec t ly ,  us ing a 

r i s i ng plate me ter ( See Ma terials and Me thods)  t o  es t imate  the 

change in  herbage mass whi ch occured during the f i r s t  two hours 

a f ter  t he areas of  fresh pas ture were of fered each day . The 

mean values of the calcula t ed intakes per bi t e  and es t ima t ed 

i n t ake af ter the f i rs t  hour are shown in Table NQ4 , 2 . 8 .  

Total apparent herbage i n take during the f i rs t  hour was 

s imi lar ( approx . 5  kgDM ) for all the four t rea t men t s , whereas 

i n t ake per b i te  was s ign i f i cantly ( P<0 . 05 )  decreased by 

supplementat ion wi th  hay a t  bo th  allowances .  



Table N24 . 2 . 8 . Mean values and resul t s  o f  the ANOVA for the 

Intake per Bi te  ( gr/bi t e )  and Apparen t Total 

DM Intake ( kgDM ) during the f i rst  hour a f t er 

the areas o f  fresh pas ture were offered each 

day for the four t rea tmen t s . 

80 

LA 

TREATMENTS 

LA+ HA HA+ 

S i g . Level 

±SEL S M  DHA HAY1 

To t al Intake 

Intake per B i t e  

5 . 1  4 . 8  4 . 8  5 . 2  

1 . 72 1 . 35 1 . 48 1 . 38 

1 See foo tno t e  for Table NQ4 , 1 . 1 .  

0 . 36 NS NS 

0 . 1 1 NS * 

The to tal  apparent herbage DM consumed per cow in  t he 

f i r s t  hour o f  feed ing ,  was equivalen t t o  aprox imat ely 62% and 

7 1% of  the to t al dai ly herbage intake by cows on the low 

allowance wi t h  or  w i thou t hay supplemen t a t i on respe c t ively . 

The dat a  for intake per bi te and t o tal OM in take for t he 

second hour were af fected by the limi t a t i ons of the me thodology 

used because of pugging af ter  the f i r s t  hour especially in t he 

low herbage allowance groups . Those limi ta t ions resul t ed i n  

insuff icient  obs ervat ions for those groups . 

Mean values for the to tal per i ods  of  t ime spent  i n  the  

various types o f  behavi our during the hours of  dayligh t ,  are  

shown in  Table  N24 . 2 . 9 .  



Table N24 . 2 . 9 . Mean values and resul t s  o f  ANOVA for t he 

To t al Periods of  T ime Spen t in the var ious 

Types o f  Behavi our during t he hours o f  

Dayl igh t  ( minutes ) f o r  the four t reatmen t s . 

TREATMENTS Sig . Level1 

8 1  

Event Observed LA LA+ HA HA+ ± SEL s M  DHA HAY DHA*HAY 

Graz ing 391  225  388 282 1 7 . 2  NS *** 

Eat ing Hay 0 121a  0 n r  

Rumina t i ng 8 66 6 63 6 . 1  NS *** 

Drinking Wa ter 2 2 2 1 0 . 8  NS NS 

Res t ing 156 143 162 95 1 1 . 6  NS ** 

1 See foo tno t e  for Table N24 . 2 . 1 .  

Mean values wi th the same le t ters are not  s igni f i can t ly 

d i f feren t ( P>0 . 05 ) . 

NS 

NS 

NS  

* 

The t ime that  the cows spent graz i ng was s igni f i can t ly 

( P<0 . 001 ) decreased by supplemen tat ion wi th hay . The cows that  

consumed hay s pent more t i me ruminat i ng ( P<0 . 001 ) compared wi t h  

the unsupplemented cows . 

o f  herbage allowance 

s igni f i cant ( P>0 . 05 ) . 

and 

The in t erac t i on between the e f fec t s  

hay supplemen ta t ion was not  

The t ime that  a cow spen t graz i ng was decreased by  1 36 

minutes  duri ng day t i me by the supplemen t a t ion wi th  hay , bu t t he 

t ime the cows s pent ruminat ing was increased by 57 minutes  
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duri ng day t ime . Between the  high and low herbage allowance 

groups the t i me spent graz ing and rumina t ing was s imi lar , 

a l though the amount ea ten was d i f feren t . 

All the groups o f  cows spen t s imi lar t ime drinking wa ter . 

The t ime spent eat ing hay by the supplemen ted groups were 

s imilar at the low or high herbage allowance . 

The t ime spen t res t ing during the day t i me was af fec ted by 

the int erac t ion be tween the effec ts  of herbage allowance and 

hay supplemen t a t i on ( P<O . OS ) . The t ime observed res t ing was 

h igher for the unsupplemen ted cows at the high herbage 

allowance , bu t was lower for the supplemen t ed cows a t  the low 

herbage allowance . Inevi tably , all the even ts  are mu t ually 

exclus ive ( See Mater ials and Me thods ) .  



CHAPTER 5 
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5 DISCUSSION 

5 . 1  THE FEEDS AND FEEDING LEVELS . 

5 . 1 . 1  Pregraz ing Herbage Mass . 

The s igni f i can t d i f ference observed in  pregrazing herbage 

mass ( Table N2 4 . 1 . 2 . ) was not  planned bu t ocurred by chance 

due to t he he t erogenei ty wi thin the paddocks , as the animals 

were randomly allocated to  the d i f ferent areas at  the beginning 

of  each paddock . The average herbage mass offered in  the 

presen t experiment was sligh t ly lower than the range of values 

wi thin  which  i t  was sugges ted that DM intake was una f fec t ed by 

herbage mass ( Meij s , 1981 ; Holmes , 1 987 ) .  However ,  i t  is very 

unl i kely that  DM intake was af fected by the 195  kgDM/ha 

d i f ference in  herbage mass in  t he present  experimen t . The 

pregraz ing masses were cut by the same person during t he whole 

experiment to  t ry to  avo id  changes in de termina t i on as was 

sugges ted by T ' Manne tj e ( 1978 ) and Thomson ( 1986 ) . 

The DM concen trat ion o f  the pas t ure in the d i f feren t 

paddocks was s i m i lar to the values repor ted by Holmes and 

Yilson , ( 1984 ) during the win ter , but was on average 3 uni t s  

lower than the value of  18% , below wh ich the dry mat ter o f  

lac t a t ing cows may be limi t ed (Veri te and Journe t , 1970 ) . The 

present low value was probably related to  the we t cond i t i ons 

duri ng the experimen t . 
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5 . 1 . 2  Herbage and To t al OM Allowance . 

The herbage allowance of fered to  the cows was on average 

19 and 27 grOM/kgLY for the low and high level respect ively . 

This  i s  s imilar to  t he low ( 19 grOM/kgLW) and moderat e  ( 28 

grOM/kgLW) herbage allowance u t i l ized by Holmes and McClenaghan 

( 1980) and the very low ( 17 grOM/kgLW ) and low ( 27 grOM/kgLW ) 

herbage allowance repor ted by No t t ingham ( 1978 ) but lower than 

the levels offered by Hodgson and Jami eson ( 1981 )  for dry cows 

( Figure N2 5 . 2 . 2 . ) .  

Total OM allowance for the LA+ and HA were 29 grOM/kgLW 

and 27 grOM/kgLW respec t ively , whi le the HA+ had a t o tal OM 

allowance on average o f  38 grOM/kgLW , below the modera te  OM ( 45 

grOM/kgLW) allowance offered as herbage by No t t i ngham ( 1978 ) .  

5 . 1 . 3  Oiges t ib i l i t ies  of  Feeds . 

The in  vivo OM diges t i b i l i ty of the hay ( 55%) (Table N2 

4 . 1 . 3 . )  could be cons idered to be of  medium qual i ty 

( Jagush , 1984 ) . The d i fference be tween the in  vivo and in  vi t ro 

OM diges t ib i l i t ies  of  the hay was lower than the 2 . 5% sugges t ed 

as the res idual s tandard devia t ion for the in  vivo pred i c t i on 

wi th in  vi t ro diges t ib i l i t i es ( Roughan and Holland , 197 7 ;  LeOu 

and Penning , 1982 ) .  

In the calculat ions of the quan t i t ies  of ME of fered and 

consumed i t  was assumed that the d iges t i bi l i t ies were no t 

affec ted by the types o f  feed eaten , based on the sugges t i on of  

Aert s  e t  al ( 1986 ) whi ch ind i ca ted that associat ive 

d iges t i b i l i ty e f fec t s  be tween feeds in  a rat i on are negli ble 

for mos t rat i ons . I t  was also assumed that the level of 

supplementat i on d i d  no t affect  the pas ture selec t ivi ty by the 

animals , based on the f i ndings of  Eldridge and Ka t ( 1980 ) on 
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graz i ng cows supplemen ted wi th hay , whi ch found that  hay 

feed ing d i d  no t affec t diges t i b i l i t i es of the herbage selec t ed 

by the animals . 

The i n  vi t ro OM diges t ib i l i ty of  the pas ture was 

82% ( ±0 . 4 ) , on average 1 . 9  uni ts higher than the values repo r t ed 

by Bryan t and Tr igg ( 1982 ) during the same season . 

The propor t ion o f  DM o f fered as hay to  the low and h igh 

allowance was 36% and 27% of the t o tal allowance respec t ively . 

However ,  the propor t ion increased t o  44% and 37% o f  the t o tal  

DM  consumed , for the  low and high allowance respec t ively , 

because the cows consumed all the hay o f fered , but no t all o f  

the herbage of fered . Assuming that t he DM diges t i b i l i t ies  o f  

the hay and pas ture were not addi t i ve ( Eldridge and Kat , 1980 ) , 

the calculated mean DM d iges t i b i li t i es of  the supplemen t ed 

groups were 65 . 0% and 66 . 0% for the low and high allowance 

respe c t ively , and 73 . 0% for the unsupplemen ted animals . 

5 . 1 . 4  Herbage and To tal ME Allowance . 

The ME allowance as pas ture a t  the low and high allowance 

respec t ively was 1 . 5  and 2 . 2  t imes the ini t i al main tenance 

requi remen t s  sugges t ed by Holmes and Grainger ( 1982 )  for cows 

fed pas ture i ndoors . The to tal ME allowance was 1 . 5 ,  2 . 0 ,  2 . 2  

and 2 . 7  t imes t hose maintenance requi remen ts  for the LA , LA+ , HA ,  

and HA+ respect ively . 
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5 . 2  EFFECT OF HERBAGE ALLOWANCE . 

The main e ffec t s  of  herbage allowance and supplemen t a t i on 

w i th hay were usually s ign i f i can t .  The in terac t i on be tween 

herbage allowance and supplemen tat ion wi th  hay was no t 

s igni f i cant . Therefore , the resul t s  are discussed under mai n  

t rea tmen t s  for conveni ence o f  the reader .  

5 . 2 . 1 Res idual Herbage Mas s . 

The quan t i ty of  res idual herbage mass was i ncreased by 

the higher herbage allowance ( Figure NQ  5 . 2 . 1 ) . There was an 

i ncrease of 204 kgDM/ha in pos tgraz ing mass in the h igh herbage 

allowance groups compared wi th the low allowance groups . The 

pos tgraz ing herbage mass  was increased s igni f i can t ly by the 

h igher herbage allowance as reported by Combellas and Hodgson 

( 1979 ) , Bryan t ( 1980 ) , Glassey et al ( 1 980 ) , Holmes and 

McClenaghan ( 1980 ) , M i t chel l  ( 1985 ) and Hoogendoorn ( 1987 ) . 

The effect  of  the level o f  herbage allowance was s imilar t o  the 

values reported by Holmes and McClenaghan ( 1980 ) for dry cows 

be tween 6 and 9 kgDM/ cow/da i ly allowances , but  lower than t he 

d i f ference of  300 kgDM/ha observed be tween simi lar allowances 

( 13 vs 9 kgDM/cow/day ) ,  or the 310 kgDM/ha d i fference repo r t ed 

by No t t ingham ( 19 7 8 )  be tween 14 . 3  kgDM/ cow/day and 9 . 7  

kgDM/cow/day allowance ( Figure NQ 5 . 2 . 1 ) .  

I t  i s  impor tant  t o  note that the res idual mass could be 

a f fected by the pregraz ing herbage mass  due to the rela t ionship  

between res idual herbage mass and pregraz ing mas s  ( Combellas 

and Hodgson , 1979 ; Holmes , 1987 ) . This  rela t i onship could influence 

sward densi ty and d i splace the l imi t ing hor i zon of  grazing o f  

t h e  low pregrazing mass groups . In t h e  presen t s t udy , the 

e f fect  o f  of fering an add i t i onal kgDM o f  pas ture per ha 

increased the res idual herbage mass  on average by 0 . 25 kgDM/ha . 



Figure 5 . 2 . 1 Relationship between Residual Herbage 

Mass and Pasture Intake (kgDM/cow/day) 
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The res idual herbage mass o f  the unsupplemen t ed cows 

offered the low allowance or the high allowance were lower than 

the values repo r t ed by No t t ingham ( 1 978 ) , Holmes and 

McClenaghan ( 1980) , Ngarmsak ( 1982 )  for simi lar herbage 

allowances and pregrazing mass dur ing the winter t i me ( F i gure 

N2 5 . 2 . 1 ) .  Thi s  might be associated wi th  the we t condi t i ons 

and the heavier  ani mals u t i li zed i n  th i s  experimen t tha t  

complicated the pos tgrazing cu t t i ng t echni que ( Wal ter  and 

Evans , 1979 ) . 

5 . 2 . 2  Herbage I n t ake . 

Herbage in take was increased by the higher herbage 

allowance (Table N2 4 . 1 . 5 . ) .  The consump t ion of herbage was 

increased by 2 . 1  kgDM/cow/day by the higher pas ture allowance . 

The increase i n  herbage intake was 0 . 5  kgDM per add i t ional kgDM 

offered as herbage allowance . 

The increase in  herbage in take observed w i th  the higher 

herbage allowance was simi lar to the response reported by o ther 

aut hors ( No t t ingham , 1978 ; Holmes and McClenaghan , 1980 ; 

Ngarmsak , 1982 ; Jamieson and Hodgson , 1 981 ) for non-lac tat i ng 

cows ( Figure N2  5 . 2 . 2 . ) ,  and for lac tat ing cows in early 

lac tat ion ( LeDu et al , 1979 ; Glassey et al , 1980 ; Bryan t , 1980 ; 

Meij s , 1981 ; Grainger e t  al , 1982 ; King and S tockdale , 1984 ; 

Hoogendoorn , 1987 )  or in late lac t a t i on ( S tockdale and 

King , 1982 ; Bryan t , 1 980) , or sheep ( Geenty and Sykes , 1986 ) . 

Some au thors have sugges ted that herbage allowance has a 

d i rect  effe c t  on herbage in take ( Hodgson , 1976 ; Bryan t , 1980 ) . 

However ,  Hodgson ( 1984)  sugges ted that the effec t i s  ind i rec t ,  

t hrough the i n fluence of herbage allowance on ra t e  o f  change i n  

sward condi t i ons  during graz ing . A t  the low herbage allowance 
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the pos s i ble mechanism  of con t rol  of in take was probably 

related to  

( Hodgson , 1977 ; 

the i nacces s ib i l i ty 

Leaver , 1986 ) . 

of  res idual herbage 

The herbage i n t ake of the animals was also calculated 

us i ng the me thod descri bed by Baker ( 1982 )  based on animal 

performance(APT ) .  The requi remen t s  for maint enance were those 

sugges t ed by Holmes and Grai nger ( 1982 ) and the requ i remen t s  

for pregnancy and change i n  livewe igh t  were es t ima ted from ARC 

( 1980 ) . Bearing i n  mind the i naccuracies associated wi th  this  

t echnique ( Baker , 1982 ; Phi llips  and Leaver , 1985a ) , the  herbage 

intakes calculated showed the same trend as that shown by the 

values de termined by the cu t t ing before and af ter graz ing ( BAT) , 

bu t all the absolu t e  values were lower . The quan t i t i es of  

pas ture consumed calcula ted ind i rec tly by Bake r ' s techn ique 

were 5 . 9  kgDM , 4 . 5  kgDM , 8 . 2  kgDM and 5 . 4  kgDM for the LA , LA+ , 

HA and HA+ respect i vely . 

I t  is  impor t an t  t o  observe that the values of  es t imated 

herbage intake calculat ed by the APT technique wi thou t 

supplemen t s  were closely related to the values reported by 

No t t ingham ( 1978 ) ; Holmes and McClenaghan ( 1980 ) and Ngarmsak 

( 1982 ) , us ing cu t t ing techniques during drier  wint ers . 

The es t imated values of  herbage intake by the 

before-af ter cut t ing were higher than the feed requi red 

calculated us ing the data in ARC ( 1980 )  or MAFF ( 1984 ) . 

I t  is  l i kely that  herbage intake was in  fac t 

overes t imated due t o  we t cond i t ions , reducing the accuracy o f  

t h e  ground-level cut t i ng technique o n  those areas t h a t  have 

been t rampled or are rough (Yal ters and Evans , 1979 , 

Meij s , 1981 ) .  However ,  i t  i s  also l ikely that the ME for m 
graz i ng animals i s  underes t imat ed by ARC ( 1980 ) or MAFF ( 1984 ) 

( See Sec t i on N2  5 . 6 . 5 ) . 
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5 . 2 . 3  Total DM Intake . 

Total apparen t DM in take was i ncreased by the higher  

herbage allowance ( Table N2 4 . 1 . 5 . ) .  

The DM intake o f  the animals was 1 . 6 , 2 . 3 , 2 . 1  and 2 . 7% 

l i vewe ight for the LA , LA+ , HA and HA+ respec t ively . 

5 . 2 . 4  To tal ME Intake . 

The me taboli zable energy concen t ra t ion of  t he feeds was 

calculated using the D-value ( See Ma terials and Me thods ) .  

However , the ME was also calcula ted us ing the equat ion 

ME ( MJME/kg DM ) 0 . 181±0 . 01 OMD -2 . 68 ( ±0 . 06 ) . proposed by 

Bryan t and Trigg ( 1982 )  and the equa t i on ME ( MJME/kgDM ) 0 . 15 

DOMD + 0 . 007 PROT - 0 . 74 proposed by Osburn ( 1 980 ) , as i s  shown 

i n  Table N2 5 . 2 . 1 . 

Table N2 5 . 2 . 1  Compar i son of  the calcula ted total ME 

consumed us ing three d i f feren t me thods of 

calculat i on .  

LA 

Present Experiment 93  

- 1 - 98 

-2- 98 

- 1 - Bryant and Trigg , 1982 . 

-2- Osburn , 1980 . 

LA+ 

1 14 

1 20 

1 2 1  

HA 

121  

127  

127  

HA+ 

135 

143 

143 

SEL S M  ALLHAY 

5 . 3  

5 . 3  

5 . 3  

*** ** 
*** ** 

*** ** 
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The values for  ME  in take calcula ted by the use o f  Osburn 

( 1980)  and Bryant and Tr igg ( 1982 ) were approxima t ely 5% higher 

t han t hose calcula ted in  the presen t s tudy . 

There i s  no t much informat ion for pred i c t ing ME for  

grazing cows supplemen t ed wi th  feeds of  lower quali ty than the 

pas ture . The use of  the D-value can be a useful a id  for mixed 

d ie t s .  

ME in take as pas ture was increased by the higher herbage 

allowance ( Figure NQ 5 . 2 . 3 ) .  For each addi t i onal kg of pas ture 

allowance offered the intake of energy from pas ture was 

i ncreased by 5 . 7  MJME . Thi s  was s imi lar to the values 

calculated from Holmes and McClenaghan ( 1980 ) . 

5 . 3  EFFECTS OF HAY SUPPLEMENTATION . 

5 . 3 . 1  Residual Herbage Mass . 

Hay supplementat ion increased the pos tgraz ing herbage 

mass by 398 kgDM/ha compared wi th the unsupplemen t ed groups 

( Table NQ 5 . 3 . 1 ) . Thi s  e f fect  of  supplemen t a t i on on t he 

quan t i ty o f  herbage af ter  graz ing had been observed by several 

au thors as i s  shown i n  Table NQ 5 . 3 . 1 ,  for di fferent types of 

d i e t s  and for lac tat ing cows . There appears t o  be no data for 

non-lactat i ng cows a t  lower levels of  feed ing .  

A t  a low herbage allowance ( 7 . 7  kgDM/ cow/day ) ,  Grainger 

( unpublished ) repor t ed no subs t i tut i on o f  pas ture DM intake by 

concent ra t e  and consequen t ly supplemented cows had s imi lar 

res idual masses to  t he unsupplemented cows . A comparable 

f i nd i ng was reported by S tockdale and Trigg ( 1985 )  for the l ow 

herbage allowance ( 15 kgDM/ cow/day ) ,  wi th 1 . 8  or 3 . 6  kgDM 



concen t rates . 

Table NQ  5 . 3 . 1 .  E f fect  of  Supplemen tat ion on Res idual Herbage 

Mass ( KgDM/ha ) .  

DHA 

kgDM 

Supplemen t Change RHM due 

Consumed daily to Supplemen t 

Reference and 

Brief  Experimen tal 

Details  cow/day kgDM/cow kgDM/ha kgDM/ha 

Present S tudy 9 . 2  5 . 0  1555 +387 

Non-lac tat ing Cows ; Hay 1 3 . 4  5 . 0  955 +387 

Bryant , 1978 20 . 0  8 . 8  1 3 1 1  +560 

Midlac t a t i on ; Si lage 20 . 0  7 . 8 1 162 +490 

Stockdale e t  al , 1981  27 . 1  5 . 0  795 +470 

Early Lactat ion ; Hay 21 . 6  7 . 0  1423 +310  

Bryant and Trigg , 1982 15 . 0  2 . 1  + 170 

Early Lac tat ion ; Si lage 15 . 0  4 . 0  + 390 

Stockdale and Trigg ,  16 . 0  1 . 8  563 + 50 

1985 14 . 9  3 . 6  1 199 - 1 10 

Late  Lac ta t ion ;  15 . 2  6 . 3  1969 +460 

Concent rates 25 . 8  1 . 8  347 +320 

26 . 6  3 . 5  676  +320  

26 . 3  6 . 2  1 197  +330 

Grainger , unpubl i shed 7 . 7  3 . 2  1010 + 9 

Early lac tat ion ;  1 7 . 1  3 . 2  438 + 1 24 

Concent rates 33 . 0  3 . 2  235 + 1 1 1  

9 4  
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These  resul ts  

probably because the 

dry cows as those 
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were d i f feren t i n  the present s tudy , 

low allowance was not as res t r i c t ive  for  

u t i l i zed for  lac t a t ing cows , i n  t he 

experimen t s  t o  whi ch reference has been made . 

Supplement a t ion reduced the degree of defoliat ion by 14% , 

following the trend repor ted by Bryant ( 1978 ) , S tockdale e t  al  

( 198 1 ) , Bryan t and Trigg ( 1982 ) , S tockdale and Tr igg ( 1985 ) and 

Phi l l i ps and Leaver ( 1985a ; 1985b ) ,  al though this  effect  was 

influenced by the level of feeding ,  type of supplemen t and type 

of  animal , reflec t ing the level of subs t i tut ion of  pas ture DM 

by the supplemen t ( Sec t i on NQ 5 . 4 . ) 

The supplemen tat ion of  hay allowed an increased carry i ng 

capac i ty for the farm during the win t e r ,  but the effect  was n o t  

complete  replacemen t ,  as i t  i s  assumed in  t h e  feed planni ng 

( Frengley , 197 3 ; Mon teath , 1973 ; M ill igan et  al , 1987 ) ,  due t o  

the d i f ferent M E  of  the two feeds and t he subs t i tu t ion e f fec t . 

However , t he LA+ had a higher DM in take than the HA a t  s imi lar 

DM allowances , but the calcula ted ME intake was lower for the 

LA+ than the HA showing that the replacemen t was no t comple t e ,  

as i s  assumed when the compari son i s  done cons ider ing t he DM 

intake . 

Therefore the increase � u  s tocking rate i s  no t 

propor t ionate t o  the level o f  supplcmentat i o2 ,  although t he 

increase i n  pos t graz ing mass co�ld increase t he amount o f  

pas ture growth  duri ng the winter ( orougham , 19 7 0 ;  

Hoogendoorn , 1987 ) due t o  a higher LAI . Al though t he RHM 

observed in the present s tudy was lower than the 2200 kgDM/ha 

repor ted by Gray and Ma t thews ( 1982 ) as the cri t i cal RHM to 

achieve maximum winter growth .  Unfor tuna tely , i t  was not  

pos s i ble t o  determine t he influence o f  supplemen t a t ion w i th  hay 

on pas ture grow t h ,  pas ture quali ty in t he spring or changes i n  

bo t an i cal compos i t ion nor consequen t ly the influence o n  t he 

s tocking rat e .  
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5 . 3 . 2  Herbage I n t ake . 

The consumpt i on of herbage was decreased by 1 . 7  

kgDM/ cow/day by supplemen t a t i on of  hay ( 5  kgDM/ cow/day )  ( Figure 

N2 5 . 2 . 2 ) . 

The decrease i n  herbage intake observed in  C OWS 
supplemen ted by hay has been repor ted wi th  lac ta t ing cows by 

several authors ( Bryan t , 1978 ; S tockdale et al , 198 1 ; 

Bryan t , 1982 ; Bryan t and Trigg , 1982 ; S tockdale and King , 1982 ; 

Jennings and Holmes , 1984 ; Meij s and Hoeks t ra , 1984 ; Phi ll ips  

and Leaver , 1985a ; 1 985b ; Arriaga-Jordan and Holmes , 1986b ; 

Ska t elum , 1986 ; Grainger , 1 987 ) .  However , there appear to  be no 

da t a  for non-la c t a t i ng cows on lower levels of feed ing .  

S tockdale and Trigg ( 1985 ) and Grainger ( 1987 ) feed i ng 

concen trates t o  lac t a t ing cows po in ted out tha t a t  very low 

levels of  herbage allowance the supplemen t did not influence 

herbage intake but ac ted as a complemen t of  the di e t .  

The quali ty o f  the supplement can affect  the herbage 

intake of cows supplemen ted 

Holmes , 1984 ; Me i j s , 1986 )  due 

fermen tat ion .  

wi th 

to 

concen t ra tes ( Jennings and 

changes in the rumen 

The in terac t i on between herbage allowance and 

supplemen tat i on was no t s igni fi can t . Thi s  agrees wi th  t he 

resul t s  of  Job l i n  ( 1968 ) in  beef cat t le supplemen ted wi t h  hay 

or grass s i lage , and of Phi ll i ps and Leaver ( 1985a ) between 

s tocking rat e  and hay supplemen tat ion on herbage in take for 

con t inuously s tocked lac tat i ng cows and is  con t rary to the 

reports  by  Mei j s and Hoeks t ra ( 1984 ) ; S tockdale and Tr igg 

( 1985 ) ;  S takelum ( 1986 )  and Grainger ( 1987 ) who o f fered 

concent ra tes to lac t a t ing cows (Table N2 5 . 4 . 1 . ) ,  probably 

relat ed t o  the d i fference be tween the in take of nu t ri en t s  f rom 

herbage and the nut rient  requiremen t ( Me ij s , 198 1 ) .  The 
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pos s i ble reasons were t ha t  the levels of allowance of fered in  

t he presen t t ri al were no t very con t ras t ing and also  the  

quali ty o f  the supplemen t ( Bines , 19 7 9 )  could play a role i n  t he 

d i f feren t mechani sms con t rolling herbage intake . 

Pos s i ble Reasons for  Selec t i on of the Hay Supplemen ted cows 

chose to consume all of t he i r  hay , despi te  t he fac t tha t , as 

j udged from the res idual herbage mass at  the lower allowance , 

herbage was s t i ll accessi ble to be grazed , and even though t he 

hay was of  lower qual i ty than the pas ture . A s imi lar s i tua t i on 

was observed a t  t he h igh herbage allowance . The ques t i on to  

ask i s  why? 

In wild animals , there is  a s t rong tendency to  maximize  

the  inges t i on of energy and o ther essen t i al nu t r i ents  per  uni t 

t ime spen t in  feed ing . The con t rol imposed on domes t i c  animals 

may no t allow this  degree o f  cho ice though there is  selec t i on 

be tween types of  food ( Arnold , l 987 ) .  

The selec t ion by the cows of  the food of lower qual i ty ,  

t hereby l imi t ing i ts po t en t ial level of feed ing , was probably 

related to  the ease of i nges t ion ( Leaver , 1986 ) par t i cularly a t  

t he low allowance , the des i re for a quick meal ( B i rrell , 1984 ;  

Phi llips  and Leaver , 1986 )  or the des i re for a vari ed d i e t  

( Leaver e t  al , 1968 ) . Ano ther pos s i ble reason i s  the presence 

of a l imi t ed quan t i ty of  a feed ( hay ) , s t imulates  compe t i t i ve 

feed ing behaviour in  a group of  cows in  rela t ion t o  the limi t ed 

feed , leading to an apparen t preference for that feed rela t i ve 

t o  t he o ther less l im i t ed feed pas ture . Probably the t ime and 

f requency of the hay of fered can affect  the ' preference ' o f  the 

hay over t he pas ture . 

Poss i ble  Reasons for  the Reduc t ion in Herbage Intake The 

reasons for the redu c t i on in the herbage i n t ake when hay was 

o ffered (Table N2 4 . 1 . 5 . ) are no t comple tely clear . I t  could 

be associated wi th  the lower qual i ty of the hay o f fered 

compared wi th  the pas ture that reduced the overall qual i ty o f  
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t he diet  consumed . This  e f fec t could develop a lower ra t e  of 

passage ( Bines , 1971 ) wi th  an increase in  the ra t e  of  d iges t i on 

( chemi cal and b iolog i ca l )  because of  the higher ' inges t i b i l i t y '  

o f  the die t , changing t h e  pat tern of  behavi our by increas ing 

t he t ime of  rumina t i on and the bulk in the rumen 

( Alderman , l983 ) . 

The reduc t ion in  pas ture intake caused by supplemen t a t i on 

a t  the high allowance can probably be explained par t i ally by 

the phys i cal l imi ta t i on ,  cons idering that the pos s i ble increase 

i n  cell wall con t en t  ( Van Soes t , 198 2 )  due t o  the summer 

harves ted hay or higher d ie tary dens i ty ( volume per uni t  weigh t  

o f  " indiges t i ble" material ) ( Baumgard t , 1970 ) could d i splace 

pas ture in  propo r t i on to  the space occupied by the two d i e t s . 

However ,  the levels of  energy consumed could also have affec t ed 

the response . 

A t  the low allowance group the explana t i on i s  no t clear , 

however ,  i t  i s  no t expec t ed tha t j us t  one mechani sm of  con t rol  

was involved . 

The rela t i ve i mpo r t ance of  the behavioural mechani sms of  

con trol o f  intake are  not  comple tely clear . To tal grazing t ime 

was reduced in the cows supplemen ted wi th  hay ( 27 minu t es in  

daylight /kg hay OM ) whi ch is  simi lar to  repo r t s  by  Ph i ll i ps and 

Leaver ( 1985a ; 1985b ) for lac ta t ing cows . I t  is in teres t i ng to  

no te that  the cows i n  the low al lowance group appeared to  

consume almos t all t he i r  herbage in the f i r s t  2 hours of  

graz ing ,  i nd i ca t ing that  the remaining hours o f  graz ing were 

essen t ially frui t less . 



99  

5 . 3 . 3  Total DM  In take . 

Despi t e  the subs t i t u t i on effec t ,  hay supplemen t a t i on 

increased t o tal  DM intake at  both levels o f  pas ture al lowance 

( Table N2 4 . 1 . 5 . ) .  Thi s  effect  o f  supplemen ts  has been 

repor ted by many authors not only for non- lac tat ing cows 

( Eldridge and Kat , 1980 ; Saker and Holmes , 1974) , bu t also for  

lac tat ing cows ( S tockdale et  al , 198 1 ;  S t ockdale and King , 198 2 ; 

Bryan t , 1983b ; Phi ll i ps and Leaver , 1985a ; 1985b S t ockdale and 

Trigg , 1985 ; Grainger , 1987 ) .  However ,  t h is  rela t i onship  has 

no t been found at high levels of pas ture allowance wi t h  

concen t rates ( Leaver e t  al , 1968 ; Bines , 1 97 9 ) .  

�hen pas ture DM in take was es t imated by the animal 

performance me thod , the increase in t o tal DM were 0 . 72 and 0 . 44 

kgDM per kg hay DM eaten , a t  the lower and higher allowance 

respec t ively . The correspond ing values for DM in take 

calculat ed f rom herbage masses before and after  graz ing were 

0 . 7 2 and 0 . 60 kg to t al DM/kg hay DM . 

The increase i n  to tal DM when supplemen t s  were offered 

was reported by all the exper imen ts  revi ewed ( Table N2 5 . 4 . 1 . )  

and by o ther au thors ( Leaver e t  al , 1968 ; 1986 ; Bines , 19 7 9 ; 

Bros ter and Bros ter , 1984 ) . However ,  the total ME was reduced 

in the very low qual i ty feed ( Umoh and Holmes , 1974 ) . 

The quan t i ty of · fresh mat ter  has been cons idered a 

poss i ble  fac tor  affec t ing the DM consumed , through effec ts  on 

the rate o f  passage and/or the water  flux ( Ver i t e  and 

Demarquilly , 1970 ; Chase , 1979 ; 1980 ) . I t s poss ible influence i s  

t hrough the i n tercellular water con ten t .  The calculated  

concent ra t i on o f  t he DM  consumed was higher for  the  

supplemented ani mals . However ,  i t  i s  h ighly unlikely that  a t  

these levels  o f  nu t r i t ion wi th non- lac t a t ing cows wa ter had any 

s igni f i cant e f fec t s . 

A � ,. -.. , r '" . . .  , _ "'' . - ' 
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5 . 3 . 4  ME Intake . 

The consumpt ion of  hay increased the total apparen t ME 

i n t ake by 3 . 6  MJME per kg hay DM , despi t e  the correspond i ng 

decrease in energy consumed as pas ture ( 4MJME per kg hay DM ) 

and the low energy concen t ra t i on of the hay compared wi th  t he 

herbage . The amoun t of apparen t ME consumed by the LA+ and HA 

was s imilar , al though the DM intake was d i ff erent . 

Around 33% and 28% of  the to tal apparent energy eaten by 

the supplemented cows was ea ten from hay for the low and high 

herbage allowance respect ively . 

The increase in the total apparent ME in take was 

equivalen t to about 47% of  the extra ME eaten as hay . Thi s  

energy i ncrease was also reported by Eldridge and Ka t ( 1980 ) , 

although they found a higher increase a t  the higher qua l i ty 

pas ture . The same t rend was repor ted by Ph ill ips and Leaver 

( 1985a) for the lower s tocking rat e .  

5 . 4  SUBSTITUTION BETYEEN FEEDS . 

The e f fe c t  o f  the supplemen t on intake of  pas ture has 

been calculated by d i f feren t me thods : 

Subs t i t u t i on Rate (DM )  

( S tockdale e t  al , 1981 ) 

Subs t i tu t ion Rate ( DM )  

( Meij s , 1 98 1 )  

( H  DMI w i t h o u t  5 - H DMI w i t h  5 )  

kgDM 5 

( H  DMI l o w e r  5 - H DMI h i g h e r  5 )  

kgDM 5 



H DMI 

s 
Herbage DM Intake ( kgDM/cow ) 

Supplemen t 
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For  the  presen t di scussion S t ockdale ' s  way of  calcula t i on 

was u t i l i zed always referred to the lower level o f  

supplemen t a t ion , bu t not t o  the immed iately lower level a s  was 

suggested by Meij s ( 1981 ) ,  when there was no t a zero supplemen t 

group . 

has 

The e f fect  of  hay supplemen tat i on on intake 

also been repor ted as the subs t i tut ion 

o f  pas ture 

rate o f  

me taboli zable energy . I t  was calculat ed and reported as  the 

change i n  to tal ME consumed , due to  the intake of  1 MJME as 

supplement  ( SME ) , us ing Stockdale ' s  me thod . 

The results  of  a number of  experimen t s  have been 

summari z ed in  Table NQ 5 . 4 . 1 . , mainly for lac ta t ing cows , and 

for a vari e ty of  supplemen tary feeds . The e f fec t s  o f  

supplemen tary feed ing on feed in take are repor t ed as : 

the decrease in herbage in take 

the increase in to tal DM in take 

the increase in total  ME in take 

The resul ts of  the presen t data lie  approximately i n  the 

middle o f  the wide range of  da t a .  



Table  N2  5 . 4 . 1 .  Reduc t ion in  In take of  Pas ture per Uni t  

Of  Addi t i onal Supplemen t s  expressed i n  

kg/kgDM or MJME/MJME given to d i f feren t 

graz ing animals . 

Reference and 

Brief  

Experimental 

De tai ls  

Supplement 

Consumed 

dai ly 

cow/day 

Effect  of  Supplemen t on 

Feed Intake 

Change in Change in  To tal  

Herbage DM Feed Consumed : 

Consumpt i on : kgDM/ MJME/ 

kgDM/kgDM as kgDM as MJME as 
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Supplement Supplemen t Supplemen t 

Hay 

Present Experimen t 5 . 0  -0 . 28 +0 . 72  +0 . 54 

Non-lac t a t i ng cows 5 . 0  -0 . 40 +0 . 60 +0 . 35 

Eld r i dge and Kat , 1980 2 . 1  -0 . 1  +0 . 9  +0 . 7 6 

Non-lac t a t i ng cows 2 . 4  -0 . 5  +0 . 5  +0 . 38 

S tockdale e t  al , 1981 5 . 0  -0 . 54 +0 . 46 +0 . 35 

Early Lac t a t ion 7 . 0  -0 . 27 +0 . 73 +0 . 69 

Phi ll i ps and Leaver , 1 . 5  -0 . 4  +0 . 6  +0 . 47 

1985a Yhole Lac tat ion 1 . 3  -0 . 15 + 0 . 85 +0 . 80 

Two s tocking rates 1 . 7  -0 . 76 +0 . 24 +0 . 07 

Se t S to cked cows 1 . 5  -0 . 47 +0 . 53 +0 . 43 

Hay as Buf fer 1 . 8  -0 . 22 +0 . 78 +0 . 75  

1 . 6  0 . 0  +1 . 0  +0 . 93 

1 . 7  -0 . 47 +0 . 53 +0 . 43 

1 . 5  -0 . 20 +0 . 80 +0 . 75 
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Table N2 5 . 4 . 1 .  Con t inuat i on 

S i lage 

Bryant , 1978 'Wi l ted 8 . 8  -0 . 36 +0 . 64 +0 . 70  

Mid-Lac tat ion 7 . 8  -0 . 36 +0 . 64 +0 . 70  

Bryan t and Trigg , 1982  2 . 1  -0 . 33 +0 . 67 +0 . 67 

Early Lac t at i on 'Wi l t ed 4 . 0  -0 . 42 +0 . 58 +0 . 58 

Phi llips and Leave r ,  -1 . 3  -0 . 3  -0 . 5  

1985b Early and La te  -0 . 85 +0 . 15 o . o  
Lac tat ion Si lage -0 . 9 1 +0 . 09 -0 . 06 

as Buf fer - 0 . 68 +0 . 32 +0 . 32 

Se t S tocked -0 . 7 3 +0 . 27 +0 . 27 

Moran e t  al , 1986 Mai ze  3 . 0  -0 . 58 +0 . 42 +0 . 37 

S i lage Early Lac tat i on 3 . 0  -0 . 7 7 +0 . 23 +0 . 1 7 

Concen t ra tes 

Saker and Holmes , 1974  4 . 0  -0 . 57 +0 . 43 

Non-Lac tat ing Cows 6 . 0  -0 . 47 +0 . 53 

8 . 0  -0 . 43 +0 . 57 

Mei j s and Hoeks t ra ,  3 . 2  -0 . 06 +0 . 94 

1984 3 . 2  -0 . 08 +0 . 92 

Early Lac t a t i on 5 . 6  -0 . 09 +0 . 91 

Two experimen t s  5 . 6  -0 . 2 1 +0 . 79 

Two Herbage 3 . 2  -0 . 37 +0 . 63 

Allowances 3 . 2  -0 . 79 +0 . 2 1 

5 . 6  -0 . 70 +0 . 30 

SuR=-0 . 48 + 0 . 039DHA* 5 . 6  -0 . 65 +0 . 35 
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Table N2 5 . 4 . 1 .  Con t inua t ion 

Jennings and Holmes , 4 . 0  +0 . 4 1 +1 . 41 +0 . 97 

1984 Early and La te 5 . 0  +0 . 29 +1 . 29 +0 . 87 

Lac tat i on Di f ferent 4 . 0  +0 . 15 +1 . 15 +0 . 85 

concen t ra t e  Energy 5 . 0  o . o  0 . 0  +0 . 69 

Stockdale and Trigg , 2 . 0  0 . 0  o . o  
1985 4 . 0  o . o  0 . 0  

Late  Lac t a t i on 6 . 0  -0 . 23 +0 . 7 7  +0 . 84 

Two Herbage 2 . 0  -0 . 94 +0 . 06 +0 . 33 

Allowance 4 . 0  -0 . 43 +0 . 57 +0 . 69 

6 . 0  -0 . 30 +0 . 70 +0 . 7 9 

Arriaga and Holmes , 6 . 0  -0 . 36 +0 . 64 +0 . 64 

1986b Early Lac t  Two GS 6 . 0  -0 . 13 +0 . 87 +0 . 86 

Me ij s , 1986 Early Lac t . 5 . 4  -0 . 45 +0 . 55 +0 . 60 

High or Low S tarch 5 . 3  -0 . 2 1 +0 . 7 9 +0 . 8 1 

S takelum , 1986 Early 4 . 5  -0 . 33 +0 . 67 

Lact . Two DHA 4 . 5  -0 . 68 +0 . 32 

Grainger unpubl i shed 3 . 5  -0 . 09 +0 . 93 

Early Lac tat ion 3 . 5  -0 . 25 +0 . 75  

Three DHA 3 . 5  -0 . 69 +0 . 3 1 



Table N2 5 .  4 .  1 .  Con t i nuat i on 

O t hers 

Umoh and Holmes , 1974  -0 . 7 1 

Bee f Cat t le 4 . 0  -0 . 52 

S t raw , Molasses , 3 . 0  -0 . 33 

Sugar bee t pulp 3 . 0  -0 . 66 

6 . 0  -0 . 78 

Vadi veloo and Holmes , 2 . 2  -0 . 83 

1979  Two GS 1 . 9  -0 . 75 

Barley , Lucerne cobs , 2 . 1  -0 . 6 1 

Concent rate  mix ture 2 . 0  -0 . 51 

2 . 0  -0 . 44 

DHA=Daily Herbage Allowance 

DHA*=DHA ( kgOM/ cow/day ) above 4 ems . 

GS=Grazing Sys tems 

Lac t=Lac tat ion 

SR=Stocking rate 

SuR=Subs t i tut i on Ra te  
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+0 . 29 -0 . 33 

+0 . 48 +0 . 55 

+0 . 67 +0 . 74 

+0 . 34 +0 . 40 

+0 . 22 +0 . 35 

+0 . 17 +0 . 26 

+0 . 25 +0 . 1 2 

+0 . 39 +0 . 41 

+0 . 49 +0 . 51 

+0 . 56 +0 . 53 
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5 . 5  PREDICTION OF DM INTAKE . 

I t  is  importan t  to know the intake of  food in  order to  

adj us t the level of  nu t r i t ion t o  the par t i cular c i r cums tances . 

D i f feren t equa t ions developed i n  d i f ferent envi ronmen ts and 

wi th d i f feren t kinds of feed have been used to pred i c t  the 

i n t ake of ca t t le , bu t due to  the large number of fac tors 

i nvolved in the cont rol of  in take ( Bines , 1 971 ; Hodgson , 1977 ; 

Forbes , 1986) those equat ions are speci f i c  for the cond i t i ons 

wi th  h igh var iat i on when they are tes ted in  d i f ferent 

envi ronmen ts  ( Hoogendoorn , 1987 )  or for d i f feren t kinds o f  foods 

( Neal et al , 1984 ) . 

Generally , the informat ion avai lable is es t ima t ed from 

lac tat ing cows fed wi th mixed d iets  i ndoors (Bines et a l , 1977 ; 

NRC , 1978 ; ARC , 1980 ; MAFF , 1 984 ) , or grazing ( Mei j s  and 

Hoeks tra , 1984 ; S tockdale , 1985 ; Cai rd and Holmes , 1 986 ) . Those  

equat ions assumed that  the i n take o f  the non-lac tat ing cow 

mai n tains s imilar relat i onships except for the change of level 

o f  i n take rela ted to the level of mi lk produc t i on and the 

generally accep ted fall in  consump t i on as partur i t i on 

approaches , s tar t ing during the las t s i x  weeks ( Journe t and 

Remond , 1976 ; Meij s , 198 1 ) .  Th is  reduc t ion in  i n t ake i s  

associa ted 

mechani sms . 

wi th pos s ible phys i cal , hormonal or  metabo l i c  

In  the regress ion calcula ted i n  the present  experimen t 

( Se c t i on N2 4 . 1 . 2 ) dai ly herbage allowance and the quan t i ty o f  

hay o ffered explai ned approximately 68% of  the propor t ion o f  

t h e  variance o f  to tal DM i n t ake . 

( 
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There i s  n o  informat ion avai lable for non-lac tat i ng or  

lac ta t ing cows supplement ed wi th  hay . Herbage allowance has 

been u t i l i zed to pred i c t  herbage in take ( Meij s , 198 1 ; Meij s and 

Hoeks t ra , 1984 ; S tockdale , 1985 ; Cai rd and Holmes , 1986 )  for  

graz ing lac t a t i ng cows . The level o f  supplementat i on has been 

accepted as a variable affec t ing the t o tal DM in take in several 

experimen t s  ( Table NQ  5 . 4 . 1 . ) .  Hence , i t  has been used t o  

pred i c t  t he in take of graz ing cows ( Meij s and Hoeks t ra , 1984 ; 

S tockdale , 1985 ;  Cai rd and Holmes , 1986 ) . The increase i n  to tal  

DM in take caused by an increase in  herbage allowance , pred i c t ed 

from the presen t dat a ,  was 0 . 6 1 kgDM for an ex t ra 1 kg herbage 

DM offered . This  i s  higher than the 0 . 15 to 0 . 35 repor t ed for  

lac tat ing cows at  higher herbage allowances ( S tockdale and 

King , 1980 ; S tockdale , 1 985 ) . 

The res idual herbage mass has been used success fully as a 

pred i c tor  o f  herbage in take 

McClenaghan , 1 980 ; S tockdale 

( LeDu 

and 

et al , 197 9 ;  Holmes and 

King , 1984 ; S t ockdale , 1985 ; 

Bryant and Holmes , 1985 ; Holmes , 1987 ; Poppi et  al , 1987 ) ,  and 

from a prac t i cal point  of view i t  is very useful because of i t s 

s impli ci ty . However , RHM is  less rel iable as a pred i c t o r  o f  DM 

intake t han herbage allowance . In the present work RHM and hay 

consumed explained about 49% of the var iance o f  t o tal DM 

in take . An i ncrease in  RHM of 1 ton DM/ha was associ a t ed wi th  

an  i ncrease o f  3 kgDM in the  to tal i ntake of the  cows . This  

f igure agrees wi th that  of  S tockdale ( 1985 ) who repo r t ed 

be tween 3 . 2  and 5 . 2  kgDM for lac t a t i ng cows . 

The calculated regressions ( Sec t i on NQ 4 . 1 . 2 . ) were good 

pred i c tors  of DM intake at the low or moderat e  allowance 

offered by Holmes and McClenaghan ( 1980 ) , but overes t imat ed the 

in take at the high or  very low level or for the i n takes 

reported by No t t ingham ( 1978 ) . This  could be related to the 

influence of envi ronmental cond i t ions  on the cu t t ing t echni que 

during t he winter  season . 
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5 . 6  CHANGES IN LIVEYEIGHT AND CONDITION SCORE . 

5 . 6 . 1  E f fe c t  o f  Herbage Allowance . 

Final Liveweigh t  and Liveweigh t  Gains The final l ivewei gh t  

( adj us ted for  ini t i al we igh t )  was increased by 15 . 4  kg by t he 

higher herbage allowance ( Table N2 4 . 2 . 1 ) ,  in agreemen t w i t h  

the resu l t s  reported by Hut ton and Parker ( 1 97 3 ) , No t t i ngham 

( 1978 ) , Holmes and McClenaghan ( 1980) and Ngarmsak ( 1 982 ) ,  for  

non-lac t a t ing cows during the winter . Tha t increase in  

l i veweigh t  i s  related to  the  higher OM  or  ME  consumed . 

Ne t Liveweigh t  Gains The ' ne t '  l iveweight gain gives a be t t er  

es t ima te  o f  the feedi ng value o f  the  d ie t , because i t  removes 

the effec t s  of change in  weigh t  of the gravid u terus . The 

i mpor tance of t he ma ternal weigh t is related to the future m ilk  

produc t ion o f  the cow i f  the body reserves are cons idered as  

carryover e f fec ts  avai lable in early lac tat ion ( Bines , 197 9 ;  

Bros ter and Thomas , 198 1 ;  Grainger and McGowan , 1982 ) . 

Body Cond i t i on Score I t  i s  sugges t ed tha t the body cond i t i on 

score can be a be t ter es t imate  o f  the body reserves than would 

be provided by measuremen t of  the livewe igh t  ( McMi llan and 

Bryan t , 1980 ; Sco t t  e t  al , 1980 ; Gray et al , 198 1 ;  Holmes e t  

al , 1981 ; Grainger and McGowan , 1982 ) . 

The f inal body cond i t ion score adj us ted for ini t ial  body 

condi t ion and the change in body cond i t ion score were increased 

by the h i gher herbage allowance ( Table N2 4 . 2 . 2 . ) .  The change 

in body cond i t i on s core during the experiment i s  shown i n  

f igure N 2  5 . 6 . 1 .  



Figure 5 . 6 . 1 Gains in Body Condition 

over 42 days ( Score/cow} 
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5 . 6 . 2  E f fe c t  of  Hay Supplemen t a t i on .  

Final Liveweight and Liveweight  Gains The hay supplemen t a t i on 

increased the final l iveweigh t by 10 . 5  kg (Table N 2  4 . 2 . 1 . ) .  

S im i lar t rends have been described by Campbell and Clay t on 

( 1966 ) for  non-lac tat ing cows or lactat ing cows ( King and 

S t ockdale , 198 1 , 1982 ; Phi ll i ps and Leaver , 1985a ) supplemen t ed 

wi th hay . 

However , the par t ial e f f i c iency with  whi ch body t i s sue i s  

syn thes i sed i s  apparen t ly higher i n  the lac tating cow than i n  

the dry cow ( Moe e t  al , 197 1 ; Van Es , 1975 ; Tyrrell , 1980 ) , s o  

the compari sons wi th ani mals in  lac ta t ion had some l imi tat ions . 

Body cond i t ion score The final body cond i t ion score adj u s t ed 

for ini t ial  body cond i t i on and the change in  body cond i t i on 

s core was i ncreased by hay supplemen t a t i on (Table N 2  4 . 2 . 2 . ) .  

However , in the presen t s tudy the relat i onshi p  be tween 

cond i t ion  s core and calcula ted ma ternal livewe igh t gain had a 

higher var i ab i l i ty ( See Append i x  4 . 2 . 2 )  than wi th the f i nal 

l i vewe i gh t . Grainger ( 1985 )  sugges ted that a cow whi ch does 

not change in body cond i t i on score is also in zero ma ternal 

energy re tent i on .  However ,  for the present experiment the cows 

in  LA mai n tained the body cond i t ion , despi te a small  decrease 

in  maternal l ivewe ight . The cows alloca ted to the HA+ group 

gained on average only 1 . 6  kg calcula ted maternal l i veweigh t 

more than the HA cows , bu t gained 0 . 9  more body cond i t i on score 

during the same exper imental period . Thi s  can probably be 

explained by i naccuracies in the technique of  s coring (Grainger 

and McGowan , 1982 ) . The overall cond i t i on score of  the cows i n  

all  the groups was higher than the 5 . 0  score sugges ted by 

Bryant ( 1985 ) as that  recommended for calving . 



5 . 6 . 3  In terac t i on 

Supplemen t a t ion . 

be tween Herbage Allowance 

1 1 1  

and Hay 

The i n terac t ion be tween hay supplemen tat ion and herbage 

allowance was not s igni f i can t for all the 

charac teri s t i cs , except for ' ne t ' l iveweight  gains . 

animal 

Ne t Liveweigh t  Gains The ' ne t '  l ivewe ight gain or the change i n  

calculat ed maternal l iveweight wi thout the est imated we ight o f  

the gravid  uterus had a d i fferent behaviour from the l iveweight 

gain ( Fi gure N2 5 . 6 . 2 ) . 

There was a s igni f i can t in terac t ion be tween the e f fe c t s  

o f  herbage allowance and of  hay supplementat i on ,  ' ne t ' 

livewei gh t  gai n  be ing higher for the LA+ compared wi th the LA , 

bu t lower for the HA+ group than the HA group . 

Thi s  e f fect  was probably relat ed to the mechani sm o f  

con t ro l  of  food intake at  the high herbage allowance t h a t  could 

be affec ted by the hay supplemen tat ion ( Sec t ion 5 . 3 . 2 . ) ,  and 

also because of a higher par t ial  e f f i c iency of body gain ( k  ) g 
o f  the pas ture compared to the supplemented cows due to  the low 

qual i ty hay ( ARC , 1980 ; MAFF , 1 984 ) . However , there was a 12  

days d i f ference in  the ges t a t i on t ime be tween the HA+ and the 

HA . I t  is i mpor tant to bear in  mind that during t h i s  t i me o f  

ges t a t i on the growth of  the foe tus i s  exponent ial , probably 

masking the e f fec t s . 
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Figure 5 . 6 . 2  Relationship between Changes in Maternal Liveweight 

and in Body Condition Score 

45 

30 

I 
1 5  I 

* 

I 

0 � 

- 1 5 l 
* 

* * 

-30 

- 1 

* * liE LA 

* 
* 

* 
* * * 

* * 
* * 

0 

C h a n g es i n  Body Co n d itio n  Score 

* * * LA+ liE liE * HA 

* 

* 

I 
1 

* 

* 

liE liE liE HA+ 

* 

* * 

* 

liE 

2 



1 13 

5 . 6 . 4  Relat i onship be tween Livewe igh t gain and Cond i t i on Score 

The rela t ionship be tween l iveweight gain and cond i t i on 

s core was 2 1 . 5± 11 . 8  kg l iveweigh t  gained per 1 cond i t i on s core 

gained ( Figure N2 4 . 2 . 1 . ) .  

Thi s  average was in  agreemen t wi th  the 2 1 . 0kg repor t ed by 

King and S to ckdale ( 198 1 ) ,  bu t lower t han the values repo r t ed 

by No t t i ngham ( 1978 )  ( 44 . 1kg/CS ) ,  Bryan t and Cook ( 1980 ) ( 33 

kg/CS ) , McM i llan and Bryan t ( 1980 ) ( 17kg/CS free foe tus ) for 

Jersey cows , Holmes ( 198 1 )  ( 35kg/CS ) ,  Grainger e t  al ( 1 982 )  for  

Fries ianxJersey cows ( 34kg/CS ) , ,  King and S tockdale ( 1982 )  

( 33 . 2kg/ CS ) , Ngarmsak ( 1982 )  ( 26kg/CS ) ,  Grainger e t  al ( 1985 ) 

( 43 . 8kg/C S )  and Fulkerson e t  al ( 1 986 )  ( 40kg/CS ) .  

5 . 6 . 5  Es t ima tes  of Maintenance Requi remen ts  

The requi rements  of  energy to main tain ma ternal 

l iveweigh t  are shown in Table N2 5 . 6 . 1 . , w i th the requi remen t s  

proposed b y  o ther authors . 
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Table N 2  5 . 6 . 1 .  Es t ima t ed requi remen ts  of  Maintenance . 

Reference 

Present S tudy 

Holmes and McClenaghan 

( 1980 ) 

ARC ( 1980 ) 

Ngarmsak ( 1982 )  

MAFF ( 1984 ) 

Holmes and Grainger 

( 1982 )  

Grainger et al ( 1985 )  

Requi rement Pregnancy 

MJME/kg0 · 7 5  mon th 

Observat ions 

1 . 02 8t h  Graz ing 

1 . 02 7 t h  Graz ing 

0 . 60 8t h  Several Sources , 
Calorime t r i c  

0 . 67 8 t h  Graz ing 

0 . 63 8t h  Graz ing 

0 . 74 7 t h  Indoors 

0 . 7 9 8t h  Calorime t ri c , HBI 

0 . 80 " Low Breed ing Index 

The value observed in the present experimen t was i n  

accordance wi th the requi remen ts  proposed by Holmes and 

McClenaghan ( 1980 ) for l igh ter animals , but higher than those 

repor ted by ARC ( 1980 ) , Ngarmsak ( 1982 ) ,  Holmes and Grainger 

( 1982 ) , MAFF ( 1984 )  and Grainger et al ( 1985 ) . The d i f ference 

in mai n tenance requi remen ts  be tween the present experimen t and 

those calculat ed from calorime t r i c  chambers indoors (ARC , 1980 ) 

was 38% , higher than the 25% sugges t ed by Holmes and Grainger 

( 1982 ) for  indoor cows . The e f fect  o f  the before af ter cu t t i ng 

technique to  es t imate  the herbage DM consumed could 
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overes t ima te the values due to the we t cond i t i ons that made i t  

d i f fi cul t t o  cut  the RHM accurately . 

The es t imated ME intake o f  the cows was probably 

overes t i ma ted by the before-af ter  cu t t ing techni que compared 

wi th  the ani mal performance observed , as is  shown in  Table N2 

5 . 6 . 2 .  

Table N2 5 . 6 . 2 .  Compari son be tween Total Apparent ME In takes 

calcula ted from the Measuremen t of  Herbage 

Masses , and Theore t i cal ME In takes calcula ted 

from the animal performance measuremen t s . 

LA LA+ HA HA+ 

"Measured " ME Intake 93 1 14 121 135 

ARC ( 1980 ) 1 57  78 82 88 

Theori cal ME In take2 83 106 110 1 1 6  

Using d a t a  f o r  requi remen ts  from : 1 ARC , 1980 and 
2 Grainger and Holmes ( 1982 )  ( Animal Performance Techn ique ) 

Amount o f  ME to Gain Cond i t i on Score The amoun t o f  ME 

calculated to gain  one C . S .  was 1 197  MJME/CS , s im i lar to and 

in the midd le range of the previous data ( 875 - 1386 ) . Holmes 

and Grainger ( 1982 )  ( 1 128 MJME I CS) ; ARC ( 1980 ) ( 875  MJME/CS ) 

or Gray e t  al  ( 1981 ) ( 97 7  MJME /CS)  for indoor cows , or 

Ngarsmak ( 1982 )  ( 1302 MJME/CS ) and Holmes and McClenaghan 

( 1980)  ( 1386 MJME/CS ) for graz ing cows . 

The low ME calculated needed to  gain one 

s core i n  the present s tudy compared with  

experimen t s  was mainly affected by the high gai n  

body cond i t i on 

o ther graz i ng 

i n  C . S .  o f  
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the HA+ group , but  not  by the high body cond i t ion observed in  

the s tudy . This d i fference was probably rela ted t o  t he 

variabi l i ty of  the cond i t i on score technique (Grainger and 

McGowan , 1982 ) . 

5 . 7  �ATER INTAKE . 

The sources of  water to  ful f i l  the wa ter requi remen t s  o f  

animals are t he water whi ch i s  drunk , the wa ter wh i ch i s  

consumed wi t h  the feed ( in and on) , the wa ter  in  inspi red a i r  

( Ni cholson , 1985 ) , and water formed wi thin the body a s  a resul t 

o f  oxi da t i on o f  organi c  compounds ( Le i tch and Thomson , 1944 ; 

ARC , 1980 ) . As was shown in the mater ials and me thods the las t 

two sources of  water were no t taken into  accoun t for t he 

presen t experiment 

5 . 7 . 1  �a ter  Drunk . 

Hay supplemen tat i on increased the quan t i ty of  wa ter  d runk 

( Table N2 4 . 2 . 3 . ) .  However ,  the in t erac t ion be tween herbage 

allowance and hay supplemen tat ion was s igni f ican t . 

The correla t i on be tween hay supplementat i on and wat e r  

drunk has been observed by several au thors and summari zed by 

More and Sahni ( 198 1 )  and S tockdale and King ( 1983 ) . 

The i ncrease in  quan t i ty of  wa ter  drunk by the cows g iven 

hay supplemen t a t ion was higher at the low allowance ( 1 3 . 0  1 )  

compared wi t h  the high herbage allowance ( 7 . 0  1 ) . Thi s  could 

be related  to the higher propor t i on o f  hay DM in  the t o t al DM 

consumed for t he low allowance ( 43% ) compared wi th  that  a t  t he 

h igh herbage allowance ( 37%) . This  i nt erac t ion be tween herbage 
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allowance and supplemen t a t ion was no t found by S t ockdale and 

King ( 1983 )  wi th  lac tat ing cows supplemen ted wi th  hay probably 

due t o  t he reduced number of  cows in each group and t he fac t 

that  the pas ture offered had a higher OM con t en t  ( %  DM ) wh i ch 

could have masked the d i lu t ion e f fe c t  observed in  the present 

s tudy . 

The quan t i ty drunk per cow ( Table N2 4 . 2 . 3 . ) for t he 

unsupplement ed cows was s imi lar t o  the 14 l repor ted by Wright  

and Jones ( 19 7 4 )  dur ing the winter in  New Zealand and Cas t le 

and Wat son ( 19 7 3 )  for non-lac tat ing graz ing Ayrshire  cows . 

The quan t i ty of  water drunk by t he supplemen t ed cows was 

higher t han the values repor ted by Wright  and Jones ( 1 9 7 4 )  for  

lac tat ing cows producing be tween 7 - 11  l per day . 

5 . 7 . 2  Wat e r  Inges ted wi th  Pas ture . 

The quan t i ty of wat er i nges t ed wi th pas ture was 

inevi t ably associated wi th  the herbage i n take . Therefore t he 

supplemen t ed groups consumed less wa ter  in this  form than t he 

unsupplemented cows , because o f  t h e  e f fect of  supplemen t a t i on 

on herbage in take ( Sec t ion 5 . 3 . 2 ) . Also because the level o f  

allowance a f fec ted the amoun t o f  pas ture in t ake , t h e  high 

allowance groups inges t ed s igni f i can t ly higher wa ter from t he 

pas ture . 

I • ' 
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5 . 7 . 3  To t al Apparen t Water Consumed . 

Ef fec t o f  Herbage Allowance The to tal apparent wa ter consumed 

( water  con tained in the feed + wat er drunk) was influenced by 

t he herbage allowance , related t o  t he level of pas ture in take . 

The t o t al wa ter  consumed was increased by 13 1 a t  the higher 

allowance . 

The wa ter  inges t ed wi th  the pas ture cons t i tu ted 82% , 62% , 

82% and 7 2% for the LA , LA+ , HA and HA+ respec t ively , showi ng the 

i mportance of t he water drunk for the supplemen ted cows to 

reach t he i r  t o tal wa ter intake . As a percen t age of  the to tal  

water consumed , the  wa ter drunk by  the  unsupplemented cows was 

s imilar to the 18% described by Cas t le and Wa tson ( 1 9 7 3 )  for  

lac tat i ng cows graz ing 

However ,  t h i s  rela t ive 

whole wa ter  consumed i s  

pas tures 

inpu t of 

influenced 

of  perenn ial ryegrass .  

t he drinking wa ter over t he 

by several fac tors  e . g .  

t emperature ( Cowan e t  al , 1978 ; S t ockdale and King , 1983 ) ; type 

of d i e t  ( Lei t ch and Thomson , 1944 ; Cas t le , 197 2 )  and 

avai lab i l i ty ( Campbell , 1958 ; King and S tockdale , 1 981 ; 

Ni cholson , 1985 ) . 

Ef fec t o f  Hay Supplemen t a t i on The large increases i n  wat er 

drunk ( 2 . 1  and 1 . 5  fold)  by the supplemen ted cows d i d  n o t  

increase t h e  t o tal wa ter 

occurred because of  the 

consumed . This  apparen t 

effec t of supplemen tat ion 

anomaly 

on t he 

consump t ion o f  herbage , and on the associated wat er i nge s t ed 

wi th  the herbage . 

The t o t al water  consumed was no t affec t ed by t he hay 

supplemen t a t i on ,  showing that the drinking water was the buffer 

t o  reach the levels of  water  requi red by the supplemen t ed cows . 

In add i t ion the quan t i ty of  wa ter  consumed by the cows a t  the 

high allowance wi thout supplemen t was s lightly higher than for 

those at  the high allowance wi t h  hay . Probably showing that  

those cows consumed more wat er than they requi red as  was 
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sugges t ed by Cas tle and Watson ( 197 3 ) , Cowan e t  a l  ( 1978 ) and 

King and S tockdale ( 198 1 )  for lac tat ing cows in  tempera t e  or  

t ropi cal cond i t i ons . There was no  i ncrease in  t o tal  wa t e r  

consump t i on a t  t he low allowance , probably due t o  the low level 

of feed ing . 

The lack o f  any s i gni fican t e f fec t of  hay supplemen t a t i on 

on water  consumed d i sagreed wi th  the resul ts  of  S t ockdale and 

King ( 1983 )  for lac ta t ing cows . The i r  cows at a higher herbage 

allowance consumed more water than in the presen t s t udy . The 

d i f ference wi th  the supplemen ted cows could be explained by the 

fac t that i n  the i r  experiment the ra t ios  of  hay : pas ture were 

higher t han in  the presen t s tudy and the DM subs t i tu t i on ra t e  

was lower than the level reported in t h e  presen t s tudy and also 

the DM con t en t  o f  the pas ture was lower . 

Bearing i n  mind that the presen t experimen t was done 

under a mean t empera ture of 8 ° C  wi t h  non-lac tat ing pregnan t 

cows , the absolu te  values of  to tal wa ter  consumed were higher 

than the quan t i t ies for lac tat ing cows supplemen ted wi t h  hay 

( S t ockdale and King , 1983 ) , or graz ing cows dur ing the winter in  

New Zealand ( Wrigh t  and Jones , 197 4 ) . The high quan t i t i es of  

to t al wat e r  consumed reflec ted the  h igh herbage fresh mat ter  

intake wi th  h igh moi s ture con ten t . 

5 . 7 . 4  Rela t ionship  between Wa ter and DM Intake . 

Wat e r  drunk The quan t i ty of wa ter  drunk per kg to tal  DM 

consumed was s igni fi can t ly increased by supplemen tat i on wi t h  

hay , in  accordance t o  t h e  results  of  S t ockdale and King ( 1983 ) . 

However ,  the amount of  water drunk per kg DM eaten i n  the 

presen t experiment was higher than that reported by those 

aut hors . 
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The amount of  ' ex t ra '  wa ter drunk per kg hay DM i n t ake is  

def i ned as : 

Wat er Drunk5 - (Water  Drunku /kgHDMiu )*kgHDMI5 
' Ex t ra '  = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

kg Hay DM 

' Ex t ra ' = ' Ex t ra '  Water  drunk per kg hay DM ea t en 

Wa ter  Drunk5 =Wa ter drunk by the supplemen ted group 

Wa ter Drunku =Water  drunk by the unsupplemen t ed group 

kgHDMI=kg herbage DM in take 

I t  was h igher a t  the low allowance than a t  the h igher allowance 

(Table N2 4 . 2 . 4 . ) reflec t ing the higher propor t i on of hay in  

the whole d ie t , and consequen tly a lower d ilut i on effec t . 

For prac t i cal cond i t ions the addi t ional wa ter drunk by 

the cows allocated to  the supplemen t ed groups was 2 . 6  and 1 . 4  

l/kg hay DM eaten for the low and h igh herbage al lowance 

respect i vely . 

To tal wa ter  consumed The to tal apparent wa ter  consumed was 

decreased by 2 1/kg DM eaten by supplementat ion wi th  hay (Table 

N2 4 . 2 . 4 . ) ,  but the e f fect  of  herbage allowance was no t 

s ign i f i can t . 

The relat ionship be tween the t o tal DM in take and the 

to tal amoun t of  wa ter consumed reported by Cas t le and Wat son 

( 19 7 3 )  and Cas tle  and Thomas ( 1975 )  was no t observed in  t he 

presen t experimen t due to  the u t i l i zat ion o f  hay . Hay 

supplement a t i on increased the quan t i ty o f  wa ter d runk but  d i d  

no t supply enough water wi th the d i e t  to mai ntain  the  h igh 

rat io wat er/kgDM clearly observed in t he unsupplemen t ed cows . 

The t o tal wat er consumed per kg OM ea t en by t he 

supplemen t ed cows was s imi lar t o  the values repor ted by ARC 

( 1980) for  non-lac tat ing cows but s li gh t ly lower than the  

values observed for the unsupplement ed cows . I t  i s  i mpor t an t  
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to  bear i n  mind that the compari son wi th lac t a t ing cows has 

several l imi t a t ions , because the lac t a t ing cow has a d i f feren t 

turnover ra t e  o f  wat er (Wrigh t  and Jones , 1974 ; Cas t le and 

Wat son , 197 3 ) , d i fferent me tabo l i c  ra t es , d i f feren t DM i n takes 

and consequen t ly larger quan t i t ies  of me tabolic wa ter , as wel l  

a s  o ther d i f ferences . 

The higher values observed in  the presen t experiment  

could no t be explained by the fluc tua t i ons in ai r t emperat ure 

nor the type of animal , bu t probably they were related t o  the 

herbage i n t ake measuring technique ( Sect ion N2 5 . 2 . 2 . ) that  

could overes t imate no t only the  apparen t DM intake bu t also the  

es t ima ted wat e r  inges ted wi th the  pas ture (Table N2 4 . 2 . 3 . ) .  

tha t the equat ions developed for  I t  is  sugges ted 

lac tat ing cows (Cas t le and Thomas , 1 975 ; ARC , 1980 ; Lanham e t  

al , 1986 ) correc ted for milk yield overe s t imate the wa ter drunk 

by non-lac t a t ing pregnan t cows and do no t consider  the 

impor t an t  componen t of type of d i e t . 

5 . 7 . 5  Env i ronmen tal Cond i t ions . 

The influence of  the envi ronmen tal cond i t i ons on the 

water turnover and wat er requi remen t s  had been recogni zed for  a 

long t ime .  Rainfall , relat ive humid i ty ,  minimum t emperature 

and wind s peed had a nega t ive e f fect  on the quan t i ty o f  wa ter  

drunk dur i ng the  presen t s tudy . However ,  sunshine hours had a 

pos i t ive influence over the wa ter  drunk (Table N2 4 . 2 . 5 . ) .  

Rai nfall The negat i ve effect  of  rai nfall on water drunk 

recorded in the presen t experimen t ( Table N2 4 . 2 . 6 . ) ,  was also 

reported b y  Cas t le ( 1972 ) , Cas t le and Watson ( 1973 ) , Cas t le and 

MacDaid ( 1975 ) and S tockdale and King ( 1983 ) for t empera t e  

cond i t i ons  and Payne ( 1966 ) , Cowan e t  a l  ( 1978 )  and Ni cholson 

( 1985 ) for  t ropical condi t ions . The e f fec t of the rainfall can 
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b e  rela t ed t o  a lower evapora t ion ra t e ,  higher water  consumed 

wi th  the pas t ure or lower water turnover . 

Rela t ive Humidi ty The 

water  drunk , recorded 

reported by Cas t le 

nega t ive effect  of  relat ive humidi ty on 

in  the present experimen t ,  was also 

and Wa t son ( 19 7 3 )  at s imilar a i r  

t emperatures to  the presen t s tudy , Cas t le ( 19 7 2 )  duri ng the 

summmer , Cowan et  al ( 1978 )  and S tockdale and King ( 1 983 ) under  

t ropical cond i t i ons . However , Cas t le and Thomas ( 1 975 )  d id  n o t  

f ind an e f fect  o f  rela t ive humidi ty o n  wa ter drunk . 

Tempera ture The non s igni f ican t e f fect  of mean and max imum 

tempera ture (Table NQ 4 . 2 . 6 . ) over wa ter drunk was i n  

agreement wi th  the reports  of  Cas t le and Thomas ( 1975 ) and 

Stockdale and King ( 1983 ) , but con t rary to that observed by 

Cas t le and Wa t son ( 1973 ) , Cas tle  and MacDaid ( 1 975 ) , Cowan e t  

al ( 1978 )  and Murphy et al ( 1983 ) . The negat ive correla t i on 

observed be tween minimum tempera ture and water drunk was also 

found by S tockdale and King ( 1983 ) and Murphy et  al ( 1983 ) . 

The nega t ive correla t ion be tween wind speed and wa t e r  

drunk was also reported by S tockdale and King ( 1983 ) . 

Unfortunately ,  t here are not  many s tudies that cons ider those 

envi ronmen tal factors in  the i r  analys i s . 

Sunshine The pos i t ive correla t i on be tween sunshine hours and 

wa ter  drunk (Table NQ 4 . 2 . 6 . ) ,  was also reported by Cas t le and 

Wat son ( 19 73 ) , Cas t le and MacDai d  ( 1975 ) , Cowan et al ( 19 78 ) ,  

S tockdale and King ( 1983 ) and Ni cholson ( 1985 ) . The increase 

in  water drunk associated w i th  hours o f  sunshine can be rela t ed 

t o  the i ncrease in  evaporat ive water  los s . 
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5 . 8  ANIMAL BEHAVIOUR . 

5 . 8 . 1 Ra t e  o f  Bi t ing . 

The rat e  o f  bi t ing during t he f i r s t  three hours on t he 

fresh pas t ure g iven each day (Table N2 4 . 2 . 7 . ) decl ined 

rapidly a f ter  t he f i rs t hour , following the same t rend 

described by S tobbs ( 1974 ) , Jamieson and Hodgson ( 19 7 9 )  and 

Phi ll i ps and Leaver ( 1986 ) . 

The values observed in the present experiment were wi th in  

the range repo r t ed by Jamieson ( 1975 )  for  calves or  lac ta t ing 

cows , bu t lower than the values recorded by S t obbs ( 1 974 ) , 

Chacon e t  al ( 19 7 6 )  for non-lac t a t i ng cows , Forbes and Hodgson 

( 1985 ) and Phi l li ps and Leaver ( 1 986 )  for graz ing cows , and 

higher t han t he values reported by Hancock ( 1954 ) . I t  i s  

importan t  t o  bear in  mind that those values are reported a s  the 

mean of  24 hours or of several observa t i ons bu t no t necessar i ly 

consecu t ive . There are no t many data  for rate of b i t ing for 

non-lac t a t ing cows at  low feed al lowances . It  has been 

sugges ted t ha t  t he decrease in ra t e  of  b i t ing is rela ted to t he 

limi ta t i ons i mposed by the sward when t he herbage mass  declines 

(Allden and Whi t taker , 1970 ; Hodgson and Jami eson , 1981 ) .  

The coef f i c ien t of  variat ion of  t he rate of  b i t i ng for 

the four groups of cows was higher than the values repo r t ed by 

Hodgson ( 1982 b )  ( 8 - 12% ) . The values for the C . V .  for  the 

f i r s t  30 minu tes  in  the new s t r i p  were be tween 17  - 2 1 % ,  w i th 

t he t endency to  increase therea f t e r .  Some of this  var i a t i on 

can be relat ed to the rapid reduc t ion in  pas ture presen t for  

t he low herbage allowance groups and consequen t ly t he 

individual e f fo r t  o f  the animal  t o  t ry to  compensa t e  for  the 

low intake per b i te .  However ,  there was also h igh vari a t i on in 

t he high herbage allowance groups , showing h igh vari ab i l i ty 



124  

be tween animal s . 

E f fec t o f  Herbage Allowance There was an increase in  the rat e  

o f  bi t ing by t he cows alloca ted to  high herbage allowance 

compared t o  the low herbage allowance groups (Table N2 4 . 2 . 7 . ) .  

Thi s  i nc rease was maintained during the f i rs t three hours a f t er 

the cows were allocated to  a new s t r i p .  

Ef fec t s  o f  herbage allowance on rate o f  bi t ing appear t o  

be incons i s tent  be tween d i fferen t experimen t s . 

The presen t results  agree wi th t he data repor t ed by LeDu 

e t  al ( 1979 ) for lac ta t ing cows , bu t di sagree wi th the data  o f  

Jamieson and Hodgson ( 1979 )  for calves . 

higher for  the high s tocking ra t e  than 

rate for large animals con t inous ly 

Holmes , 1986 ) . 

The rate of  b i t i ng was 

for the low s tocking 

s tocked ( Zoby and 

Effec t of Hay Supplementat ion The supplemen t ed groups had a 

higher ra t e  o f  b i t ing during the f i r s t  three hours af ter  t he 

cows were alloca ted to  a new s t r i p  (Table N2 4 . 2 . 7 . ) .  

The i ncrease in  rate of  b i t ing o f  the supplemen t ed groups 

dur ing the f i r s t  hour can be explained part ially as a 

compensat o ry effec t due t o  low in take per bi t e .  

However , the poss i ble reasons for this  effect  are no t 

comple t e ly clear , and previ ous reports  are incons i s t en t .  

Phi ll i ps and Leaver ( 1986 ) observed that in con t i nuously 

s tocked ani mals t he rate of  b i t ing sligh t ly increased t hrough 

the day us i ng hay or s i lage as buf fers for lac t a t i ng cows 

during early or late lac t a t i on .  There was no increase i n  

b i t ing ra t e  t o  t ry to  compensa t e  f o r  the reduc t i on i n  b i t e  

s i ze .  Jenni ngs and Holmes ( 1984 ) observed a depress i on i n  ra t e  

o f  b i t i ng o f  the low quali ty  concen t ra t e  compared wi th  the 

con t ro l  duri ng la t e  lac ta t i on ,  bu t no t during early lac t a t i on .  
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5 . 8 . 2  Herbage In take per B i t e  and To tal Herbage In take during 

the F i rs t  Hour . 

Effec t o f  Herbage Allowance The to tal apparen t herbage in take 

duri ng the f i rs t hour was s imi lar ( approx . 5 kgDM ) for  all 

four groups . Intake per b i t e  duri ng the f i rs t  hour was no t 

affec t ed by the herbage allowance ( Table NQ  4 . 2 . 8 . ) .  

Des p i te  the l imi ta t ions o f  the me thods u t i l i zed , the 

quan t i ty eat en per b i t e  during the f i rs t hour was s i mi lar to 

the values repor ted by Jami eson and Hodgson ( 1 979 ) , but  lower 

than the mean reported by S tobbs ( 1973 ) , Chacon e t  al  ( 197 6 ) , 

LeDu e t  al ( 197 9 ) , Jennings and Holmes ( 1984 ) and Forbes and 

Holmes ( 1986 ) . Zoby and Holmes ( 1986)  repor ted a higher in take 

per b i te a t  the lower s tocki ng rate  than at the higher s tocking 

rate . 

Effec t o f  Hay Supplementa t i on Intake per b i t e  was decreased by 

supplemen t a t ion wi th hay a t  bo th  allowances (Table N2 4 . 2 . 8 . ) .  

Con t radic tory effects  o f  supplemen t a t i on on i n t ake per 

b i t e  have been repor ted by Phi llips and Leaver ( 1986 ) , who 

found no s i gn i f i can t effect  when o f fering hay , an i ncrease i n  

b i t e  s i ze by offering s i lage overnigh t ,  bu t a s igni f i can t ly 

lower b i t e  s i ze when cows were of fered s i lage dur i ng late  

lac t a t i on .  They es t imated rate  o f  bi t ing i ndi rec t ly from  the 

herbage in take divided by the number of bi tes , i ncreas i ng the 

accumulate  error . 
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5 . 8 . 3  Graz ing Behaviour duri ng Day t ime . 

I t  i s  impor tan t  to  no t e  tha t  all o ther even t s  were 

mu t ually excluded when one even t was recorded . I t  is importan t  

t o  no t e  tha t  the presen t  da t a  refer to  ac t ivi t ies be tween dawn 

and dusk,  when mos t bu t no t neces sar i ly all graz ing t akes place 

( Hodgson , 1982b ; S tockdale and King , 1983 ) . 

The t ime spen t graz i ng during the dayt ime ( Figure N Q  

5 . 8 . 1 )  was higher for t h e  unsupplemen t ed groups than the t i me 

recorded by Cowan ( 1975 )  dur ing summer or win ter , bu t lower for  

the supplement ed cows . Never t heless the values o f  t he 

supplemen t ed cows were higher than the values observed duri ng 

the second experimen t  by Cowan ( 1975)  for cows unsupplemen ted 

or  supplemen ted wi th mai ze . 

Brumby ( 1 959 ) repor t ed a mean of  7 hours and 28 minutes 

grazing for non-lac tat ing cows i n  New Zealand dur i ng 24 hours , 

being higher t han the values observed in  the present s tudy 

dur i ng dayl igh t .  However ,  in his  experiments  the effect  of  

s i lage supplemen tat ion has a confounded effec t .  

The rat e  o f  eat ing the hay was wi thin  the 2 - 3 kgDM/hour 

repo r t ed by Phi llips and Leaver ( 1 985a ; 1985b ) for 

supplemen t a t i on wi th hay or s i lage . 

E f fe c t  o f  Herbage Allowance The herbage allowance d id  no t 

influence the t ime spent in  graz ing , rumina t ing , res t ing or 

d r i nking water during the hours of dayl igh t  (Figure NQ  5 . 8 . 1 ) , 

cont rary to  the curvi l inear response between graz i ng t ime and 

herbage allowance repor ted by S tockdale and King ( 1983 ) . They 

also observed an i ncrease of 0 . 03 hours per kg herbage 

allowance offered . There is l imi ted informa t ion for behavi our 

for  non-lac tat i ng cows duri ng dayligh t hours . 
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E ffec t of  hay Supplemen tat i on. The t ime tha t the cows spen t 

grazi ng during the day t ime was reduced by hay supplemen t a t i on ,  

b u t  ruminat ing t ime was s igni f i can t ly increased ( Figure N Q  

5 . 8 . 1 ) .  

Hay supplemen t a t i on reduced graz ing dayt ime by abou t 

2 7minutes/kg hay DM and increased the rumina t i ng t ime 1 1  

m i nu tes /kg hay DM . The qual i ty of  the d ie t  can have a large 

influence over the t ime of  rumina t ing (Hancock , 1954 ; Dulphy e t  

a l , 1980 ; Van Soes t , 1 98 2 )  and also the phys i cal nature o f  t he 

d i e t  (Bell , 1984 ) . Apparen t ly the low qual i ty of the hay used 

in the presen t experiment  depressed the t ime spen t graz ing , but  

increased the t ime s pen t rumina t ing . Thi s  possi ble change in  

t he graz ing t ime could influence the t ime the cows spen t 

s elec t ing the pas ture to  consume and consequen t ly reducing 

herbage in take . Bearing i n  mind that the values reported by 

o ther authors are recorded over 24 hours , some publ i shed data  

are summari zed in  Table NQ  5 . 8 . 1 .  

Table NQ 5 . 8 . 1  Effect  of Supplement a t ion on change in  

Graz i ng Time (GT )  expres sed in minu t es 

per kgDM consumed as supplemen t .  

Reference and Decrease Supplemen t fed 

Br ief  Experimental in  GT caused Quan t i ty Type 

De t a i ls by supplement kgDM/ 

min/kgDM cow daily 

Non-lac t a t i ng 

Pres en t S tudy 27 1 5 Hay 

Sarker  and Holmes , 1974  33  4 Concent ra t e  
" 22 6 Concen t ra t e  
" 23 8 Concent ra t e  



Table N2 5 . 8 . 1  Cont inua t i on 

Reference and 

Br ief  Experimen tal 

De t a i ls 

Lac t a t ing 

Cowan , 1975 

Decrease 

in GT caused 

by supplemen t 

min/kgDM 

19 4 . 5  

Journe t and Demarqu i l ly , 1979 15-20 

Jennings and Holmes , 1984 8 4 

Supplemen t quali ty 12  4 

Phi l l i ps and Leaver , 1985a 21 1 . 7  

Two s tocking ra t e  4 1 . 5  

Phi l l i ps and Leaver , 1985b 25 1 . 7  

Early and Late  Lac t a t i on 45 4 

38 10 . 3  

availab i l i ty 26 4 

32 10 

Arri aga and Holmes , 1986b 11  6 

Graz ing Sys tem 9 6 

1 =Dayligh t  t ime 

Supplemen t fed 

Quan t i ty Type 

kgDM/ 

cow dai ly 

Maize  

Concen t rate  

Concen t rate  

Concen t rate  

Hay 

Hay ( Buffer ) 

S i lage ( Buf fer ) 

S i lage 

S i lage 

S i lage 

S i lage 

Concen t rate  

Concen t rate  

1 2 9  
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Table N2 5 . 8 . 1 shows that the present depress ion in  

graz i ng t ime due to  hay supplemen t a t i on was wi thin  the range 

repor t ed by o ther authors for non-lac tat ing or lac t a t i ng cows . 

The i ncrease i n  rumina t i on t ime associated wi th  hay 

supplemen t a t i on was lower than the values observed by Phi l l i ps 

and Leaver ( 1985a ; 1985b) for supplemen t a t i on wi th s i lage or hay 

a t  h i gh s tocking rates ( 14 - 21 min/kg DM supplemen t ) ,  but  

h igher t han the 4 min/kg hay DM observed for the low s tocking 

rat e . 

The change in behavi oural even t s  during the day t ime could 

play an i mpor tant role when a supplemen t of  low qual i ty i s  

of fered as a supplemen t for grazing cows , due to  reduc t ion in  

the t i me the  animals spen t graz ing on  the high qual i ty feed , 

pas ture . 

5 . 9  CONCLUSIONS 

The quan t i ty of res idual herbage mass , herbage intake , 

and apparent to tal DM or ME in take was increased by t he higher 

herbage allowance . 

Hay supplementat ion i ncreased the resi dual herbage mass 

at bo t h  herbage allowances . The consump t i on of herbage was 

decreased , bu t t o tal DM in take was increased by hay 

supplemen tat ion . However ,  because the hay was of lower qual i ty 

t han t he pas ture , the ne t resul t of  the decrease in  pas t ure 

consumpt ion , associated wi th  consump t i on of hay , was a smaller 

increase in ME t han in DM in take . 

To t al DM in take was increased by 0 . 7  kgDM for each kgDM 

consumed as hay . To tal ME in take was increased by 0 . 5  MJME for 

each MJME consumed as hay . 
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Cows alloca ted t o  the higher herbage allowance gained 

more l i vewe i gh t  and body cond i t ion t han t hose cows alloca t ed to  

the lower herbage allowances . 

Cows supplement ed wi t h  hay gained more l i veweigh t  and 

body cond i t i on score t han cows not supplemented . 

Water  drunk was increased by hay supplemen t a t i on ,  

however , t he t o t al quan t i ty of wa ter consumed was s imi lar t o  

t he unsupplemen ted animals .  The ex t ra wa ter drunk per kg hay 

DM intake was h igher a t  t he low than at  the h igher pas ture 

allowance . 

Cows supplemented wi t h  hay increased 

rumina t i ng during day t ime , and decreased 

compared wi t h  the unsupplemented cows . 

the t ime 

the graz ing 

spent  

t ime 

These  aspec t s  are very impor tant to be cons idered when 

hay is used as a supplemen tary feed . 
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Appendix N24 . 2 . 1  Individual change in  Liveweight  and Body 

Cond i t ion Score over 42 days of the 

Experimen tal Per i od . 

Cow 

Low Allowance 

157 

161  

172  

205 

207 

Low Allowance + Hay 

156 

162 

192 

2 1 2  

214  

218  

H igh Allowance 

152 

164 

167  

200 

2 17 

2 19 

Liveweigh t  

(kg )  

3 

8 . 5  

20 

13 . 5  

2 . 5  

28 . 5  

44 . 5  

13 

22 . 5  

43 

19 

65 

22 

20 . 5  

32 

24 . 5  

38 . 5  

Body Cond i t ion 

( Score ) 

-0 . 1  

-0 . 05 

0 . 2  

0 . 35 
-0 . 7  

1 . 1  

-0 . 5  

0 . 25 

0 . 6  

1 . 15 

0 . 55 

0 . 8  

0 . 5  

1 . 0  

1 . 0  

0 . 4  

0 . 55 

132  



Append i x  N2  4 . 2 . 1  Con t inua t ion 

High Allowance + Hay 

155 33 . 5  

174  41 . 5  

178  20 . 5  

181  33 . 5  

2 15  46 . 5  

2 1 6  36 . 5  

2 . 0  

0 . 75 

1 .  65 

1 . 6  

1 . 6  

1 .  75  

1 3 3  

Append i x  N2  4 . 2 . 2  Regress ion equat ion be tween Ma ternal 

Liveweigh t Gains and Body Condi t i on Score . 

The relat i onship be tween the l iveweight gain and the body 

cond i t ion s core gain is shown in t he regress ion equa t i on :  

N . L . \J . G . =  -2 . 16 + 1 . 10 G . B . C . S .  

( ±4 . 10 )  ( ±0 . 41 )  

R2 =0 . 2409 , P<0 . 01 ,  C . V . =247% 

N . L . \J . G . =Ne t livewe igh t gain  ( kg )  

G . B . C . S . =Gain in body cond i t i on score (uni t s )  

C . V .  =Coe f f i cien t  o f  var iat i on 
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