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(i) 
ABSTRACT 

Experimental evidence obta ined since 1950 suggests that New Zealand sheep farm production 

and financial retu rns could be increased by adopt ing separate grazing management for ewes of 

differen t  pregnancy and rea ring status from 6 weeks before lambing unti l  weaning. Progress in  

developing management systems for the  d ifferential al location of pasture, favourable lambing 

padd ocks and labour dur ing th i s  period h as been rest ricted by the a bsence of equipment for 

diagnosing ewe pregnancy status and a lack of data relat ing pasture conditions to feed intake 

and ewe and lamb productivity. Accura te pregnancy diagnosis by rea l time ultrasound scanning 

has been available to fa rmers since 1985, but research into ewe grazing management continues 

to be hampered by the a bsence of techn iques for measuring feed intake. This thesis addressed 

the la tter issue, first by val idat ing controlled release capsule (CRC) technology for measuring 

feed intake and second by exa min ing feed in takes of ewes differing in pregnancy and rearing 

status and relating intakes to productivity. 

A series of 11 exper iments  were conducted with sheep CRC to val idate this techn ology for 

measurement  of i n t a k e  a n d  to deve lop  a ppropr ia te  sys tems for using the technology in 

experimental si tuations. These studies exa mined: the linearity and period of Cr203 release; the 

effect  of presence of capsules in the rumen on volun tary feed intake; the effect of feed type and 

feeding level  on Cr20 3 re lease ra te ;  and the accu racy of faeca l Cr203 concen t ra t ion in 

predict ing faecal output  of sheep dosed with CRC when a lterna tive sampling regimens were 

a pp l ied .  These exper i m e n t s ,  conduc ted u nder  both indoor feeding and outdoor grazing 

conditions , established t h a t  CRC released Cr2o3 in to the rumen in a uniform manner once 

in i t ia tion of ma t rix  extrusion had been com pleted 2 to  3 days after capsule insert ion.  The 

subsequent period of l inear release (25 to 100 days) was found to be primarily dependen t upon 

cha ra cter i s t i cs  of t h e  c a p s u l es con t ro l led  at m anufa c t u re ( i .e .  or if ice d iameter,  ma trix 

composi tion and length of pressed tablet matrix core) .  In comparison, environmental factors, 

both within and outside the sheep, had relatively small effects on the rate or l inearity of Cr203 

release. Release rate decreased by c. 4% if daily feed intake was a t  0.7 maintenance compared 

to an ad li bitu m level, increased by c. 2% if hay rather than fresh pasture was consumed and 

decreased by 10 to  13% if capsules were placed in rumen-fistulated sheep rather than in intact 

animals. Adoption of feeding level below 0.6 main tenance for 4 to 7 days reduced Cr203 release 

rate and could cause capsu le  fa i lure .  Be tween -capsule variation in release rate from CRC 

recovered from the rumen by slaughter was low (coefficient of variation 2.0 to 6.5%) .  Variation 

between capsu les  w i t h i n  sh e e p  was  u su a l ly l ower  s t i l l .  V olun ta ry herbage i n take  was  

significantly reduced i f  sheep were dosed wi th  prototype CRC with inflexible wing designs. 

Under indoor conditions, correlations of 0.90 to 0.99 between daily faecal output derived by 

Cr203 di lution and ac tua l  faecal output for individual sheep were obtained. The correlation 

between estimates of mean 3-day faecal output of sheep at  pasture predicted from the Cr203 · 

concentration in m orning and evening grab samples and from total collections was 0.87. 
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Prediction of individua l  an imal i n ta kes ( indoors) appeared less accurate (r = 0 .74) because of 

variation in  capsule release rate and in  the animal 's own abil i ty to select 

and  d iges t  i t s  d i e t .  G rou p m e a n  es t i m a tes ,  wh ich  a re a ppropr ia te  for  p ract ical  g razing 

condi t ions, were usual ly w i th in  ± 1 0 %  of the actua l  value .  Low diurnal  var ia t ion in faecal 

Cr2o3 concentration (non -sign ificant)  al lowed flexible faecal sampl ing regimens to be a pplied. 

In su m ma ry CRC were dem onstra ted to  be super ior  to  exi st ing feed i n ta ke measurement  

techn iques  and to be wel l  su i ted to  the  es t imat ion of mean i n takes of sheep, provided that  

suitable faecal sa mpling regimens were applied. 

A pi lot study investiga ting the �eed in takes and productivity of ewes of different pregnancy and 

rearing status indica ted that i n takes of twin-bearing ewes were reduced in comparison to those 

of single-bearing ewes during la te p regnancy, when the two groups were grazed together under 

"commercial" farming condit ions.  During lactat ion, in takes exhibited a curvil inear rela tionshi p  

with t ime a n d  were generally higher (by up  t o  32%) in twin-rearing ewes than in single-rearing 

ewes. This pattern of feed in take was less clear in a su bsequent nine-week lacta tion study.  In 

that trial, experimental groups comprising equal numbers of ewes rearing single or twin lambs 

were cont inuously grazed on five different pastures maintained a t  fixed sward su rface heigh ts 

(2.5, 4 .0, 6 .0 ,  7 .0  and 9 .0 c m ) .  Herbage i n takes by both single- and twin -rea ring ewes were 

maximised a t  a sward surface height of approxima tely 5.0 cm ( 1000 to 1 100 kg d ry matter/ha ) .  

Lamb growth rates were n ot affected by sward height during the first s ix weeks of lacta t ion 

because the ewes mobil ised body reserves to main tain milk production . All ewes lost l iveweight 

during the first 6 weeks of lactat ion but only the ewes on the 2.5 cm sward failed to  regain lost 

l iveweight  from weeks 6 to 9 of lac ta t ion .  Wool product ion ,  st rength and colour  were n o t  

affected by sward conditions in  ei ther the ewes o r  la mbs over the lactation period . These results 

suggest that New Zea land farmers would gain li t t le benefit from different ial  management of 

ewes post- lambing where a m in imum grazing height of 5 .0 cm could be maintained provided 

that ewes were in good condi t ion ( i . e  min imum condition score 3 .0) a t  lambing. 
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CHAPTER ONE 

INTRODUCTION 

BACKGROUND 

The es t imated New Zealand sh ee p popu la t ion  of 60.8 m i l l ion ( NZMWBES 1989) 

includes some 44 mil l ion breeding ewes. These are run on 22000 farms and con tribute, 

through exports of lamb,  mu t ton ,  live an imals and wool, to  approximately $NZ 2.5 

billion (F .O.B) export earn ings (or c .  20% of total produced exports; Department of 

S tatist ics 1989). The N ew Zealand sheep industry is pastoral based. Most flocks are 

grazed at  moderate to high stocking rates (7-20 ewes/ha), only l imited supplemen tary 

feeding ( mainly in the form of hay and silage) is employed and very few animals a rc 

housed during winter .  M uch of New Zealand's applied sheep research has therefore 

been focussed on improving the supply and quality of pasture feeds and on increasing 

the efficiency with wh ich pastu re i s  u ti l ised by the animal. Evaluation of alternat ive 

management  system s  for  the breeding ewe has been particu larly important because 

productivi ty of the ewe i mpacts signif icantly upon national wool and lamb production. 

The direction of sheep farming research has been significantly affected during the last 

two decades by fundamental changes in Government agricu l tu ral  policy ( Ulyatt 1989). 

From 1975 to 1981  farmers were actively encouraged, via subsidies and supplementa ry 

payments for produce , to  increase l ivestock production (Bushnel l  et a l .  1982) . Sheep 

numbers increased qu ickly dur ing this period to reach a peak of 70.3 mil l ion in June 

1982. Sheep research t ended to  e m phasize increasing productivity through h igher 

stocking rates. This was often associated with farming systems which had h igher costs 

because of increased inputs of i tems such as ferti liser, animal heal th and short-term 

capital improvements (e.g. subdivision, water supply and access). 

This was to be quickly reversed by significant changes in economic policy f al lowing the 

election of a Labour Governmen t in 1984 (Douglas 1984, 1985). The adoption of a 

floating exchange rate, removal of Government price support and input subsidies, and 

reduction of tariffs were al l  designed to create a less regulated, more market-orientated 

economy .  These changes coincided with reduced demand and low international prices 

for sheep meats, and  h igh domestic in terest rates on borrowed finance. Most sheep 

farmers were p laced under t ight  f inancial  constraints. A common response was to  

reduce costs by  adopting a less in tensive farming system with increased emphasis on  

high per  an ima l  performance.  Confidence to invest in farming, particu l a rly on h i l l  

country where 45  % of  the national flock i s  farmed, was sharply eroded and the l a rge 

capital inputs associated with the devel opment of New Zealand pastoral agriculture 

l a rgely d i sa ppear ed .  Sheep  n u m bers d ec reased rapidly and by 1989 h a d  a lmos t  
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cont racted to  the population s i ze exi s t i ng pr ior  t o  the  expa nsion of the l a t e  1970's 

(NZI\1\VBES 19�9). Tradi t ional  prio ri ties of pastoral and l i vestock research were n ow 

l ess releva n t .  In stead,  resea rch which would he lp fa r mers develop low input susta inable 

farming systems, or which c on t r i bu ted to  i m pr oved u ti l i sat ion of existing resou rces,  

while at the sa me time g iving greater considerat ion to  the requirements of the end-users 

of products became more appl icab l e .  I t  was ex pected that future i mprove m en ts i n  

output , efficiency and profi t wou ld  be a ch i eved a s  ex isting farm systems were 'fi ne 

t uned '  and techno logies such as  new pl ant  var i e t ies {lvtacKay et al .  1989), genet ica l ly  

superior animals (M cEwcn e t  al. 198X) and improved m anagement informa t ion syt cm s  

(8:-�ars l!JX�) were adopted. 

However, because the prov ision of feed remain s the major cost of pastora l farm ing, the 

producti1>n of pasture and the efficiency wi th  which this i s  converted into saleable 

animal products must cont inue  to be a primary focus of sheep research in New Zealand . 

Wh i l e  t h i s  poses n ew cha l l enges ,  t he  need to design improved grazing management  

systems which ensure tha t  a h ig h e r  propo r t i on of pa s t u re grown i s  produc t i ve ly  

ha rves ted by a n ima l s  rema i n s  a h igh pr ior i t y. This thesis is  set within the context of 

designing ma nagement  system s  t0  improve the effic iency with which l im ited resources 

(mainly pasture, hut also l abou r ,  shelter and farm topograghy) arc all ocated to breeding 

ewes dur ing la te  pregnancy and l ac tat ion.  

The comm on practice of farmers is  to adopt a relat i vely f <1st (30-40 days )  rota t ion or set 

stocking management during ewe pregnancy (Parker and Townsley 1986). Provid ing 

ear ly  winter feed reserves arc h igh , this usually results in moderate t o  high ewe body 

condit ion (condition sc ore (CS) > 3 .0)  hut l ow past u re reserves  at the commencement of 

lambing (Smeaton et a l .  1983) .  A si mi lar  s i tuat ion occurs at lambing on fa rms where a 

s low ( > 70 da ys )  w in t e r  ro ta t ion  ha s  been su ccessfu l l y  u seu to t ra nsfer autumn a nd 

early-winter  pas ture growth t h rough the win ter, bu t accumula ted rese rves of feed a re 

u sed e a r l y  b y  set  s tock ing  ewes  t h ree t o  s i x  weeks  pri o r  t o  l a mbing ( Sm caton et a l .  

1983) .  H igh ew e body cond i t i on  i n  conjunc t ion w i t h  l ow pa stu re rese rves does n ot 

je opa rd ise  lamh production if t h e  onset  of spring past u re growth coincides with the 

increased req u i re m en t s  of  t he  l ac t a t ing ewe and  t he  ewe i s  exposed to only a short  

period ( < 3 weeks) of underfeed ing (Coop et  a l .  1 972;  McEw cn et a l .  1983): H owever ,  

on propert ies where la te  su mmer-autumn pasture product ion is low or winter  stocking 

rates a re h igh (often through dela yed sa les of l ambs), these management sytems usual ly 

resu l t  i n  underfeeding of ewes from mid- to  la te-pregnancy. The result a t  lambing i s  a 

combin a t i on of poor ewe c o n d i ti on (CS < 2.0), low ewe Jiveweight s  ( < 50 kg)  and  

i nadequa te  f a r m  pas ture  c o ve r  (400-700 kg  DM/ha over  the  entire property). T hese 

condi t ions  can be found on up to 50% of sheep far m s  in ea r ly spring (Parker 1984a ). 

Under t hese c ircu mstances ewe and lam b  losses arc  high  (Smeaton et a l. 1983; Putu e t  



3 

al .  1988), lamb growth rates are poor (Sheath and Bircham 1983), wool production and 

q u a l i t y  i s  d e p ressed ( Mo n t e a th 197 1 ;  H orton and  Wickham 1979; Hawker and  

Thompson 1 987 ) and  fu rther ewe  l iveweight losses, commonly of 5- 10  kg by mid

lactation, are difficult to regain even if  generous feeding al lowances are made available 

post-weaning (Thompson et al. 1985) . Furthermore, l osing liveweight and refeeding to 

rega in weight reduces the eff ic iency of feed u t i l i sa t ion compa red to  management 

systems which al low ewes to mainta in l iveweight (Keenan et al .  1969) .  Similarly, lambs 

with poor weaning weights ra rely reached subsequent performance targets (McNeil 

1982) and, if selected as flock replacements, have poorer l ifetime performance ( High t 

and Jury 1976). 

The effec ts  of poor winter  and  spring grazing management are most pronounced in 

mul t iple-bearing ewes . Their  higher nutr i t ional req uirement results  in greater stress 

during periods of feed shortage than in their  single-bearing peers. Separate grazing 

programmes for single- and twin-bearing( /rearing) ewes to account for their different 

f ceding and physical requ iremen ts have therefore been recognised since the 1950's as a 

method of improving flock product ivity (R ichardson 1972) .  However, it was not unti l  

the late 1970's that  the Depa rtment  of Scien tific and I ndustrial  Resea rch ( DS IR)  

implemented a concerted research programme to  develop  equ ipment which would 

permit accurate identification of the pregnancy status of ewes at  a modest cost to New 

Zea l a n d  farmers  ( Beach 1982 ) .  It was  a rgued f rom research resul ts  and farmer 

experience that  identification of ewe f octal status by 90 to 100 days of  pregnancy would 

provide the fol lowing benefits ( reviewed by Garrick ( 1984) and Blair ( 1984)) : 

ident ification of non-pregnant ewes which could be sold at h igher prices in mid

winter; 

better u tilisat ion of feed (and shel ter) resources; 

reduced ewe losses through pregnancy toxaemia; 

improved survival of mult iple lambs through better ewe condi tion at  lambing and 

possibly increased lamb birthweights; 

reduced dystocia in s ingle-bearing ewes by avoiding over-feeding and hence h igh 

lamb birthweights; 

improved nutrition of ewes rearing multiples, resulting in higher lamb growth rates, 

greater ewe wool production and h igher ewe body condition at weaning; 

long term improvement in flock fecundity through the selection of twin-reared ewe 

lambs for flock replacements. 

Because suitable equipment for pregnancy diagnosis had not been available up to this 

time ( 1981) no grazing management trials to  quantify the effects of partiti oning a fixed 

amount of pasture between single- and twin-rearing ewes had been conducted. There 

was conjecture as to whether the benefi ts  ident ified from independent research of 
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components  of the proposed management  system would be realised in practice (e.g. 

Allison 1980 ). A series of management t rials using prototypes of a t ruck-mounted X 

ray syste m c o m me nced in  s p r i ng 1 982 t o  eva lua te ,  unde r  c o m m e rcial fa r m i ng 

c onditions, the effects of a l l ocat ing twin -bearing ewes 30-35% of the pasture which 

w ould otherwise have been al located to the sing le- bearing ewes, from one week prior to 

la m bing until weaning ( Parker  1 984b) .  The t r i a l s  demonstrated that the weaning 

weights of ewes rearing twins, and weights of their lam bs, could be improved but th is 

was obtained partly at the expense of weaning weights of single-rearing ewes. M ost of 

the advantages of differential management v.:erc rea lised during the fi rst 4-6 weeks of 

l a ctation. Pa sture q u ality declined m ost rapidly on the paddocks with twin-rearing ewes 

:�t l ow S! llcking rates. 

It was cle a r  from this e a rly work that the d e sign l)f differential grazing managem ent 

systems for  the ewe was limited by the poor d efinition of relationships between ewe 

feed in take ,  pastu re avai l abi l i ty and product i on .  Production responses for different 

m ethods of pa r t i t i on ing  pas tu re be tween s ing l e - and twin- rea r ing ewes c ould be 

defined by conducting a se ries of farmlct trials. hut this wou l d  he very ex pensive ; m d  
l im i ted to  a t  most o n e  o r  two env i ronments . A m ore efficient a pproach would b e  to 

d efine the re l a t i on sh ip s  be tween  herbage inta k e ,  pas tu re  condi t ions and an i mal 

production,  and to use this information in mode l ling studies to identify the system 

which was most l i kely to be successful in practice (McCall 1 984) .  

T h e  m os t  c o m p r e h e n s iv e  N ew Zealand studies of  he rbage i n t a k e -a l l owance  

re lat i onship s for  ewes  of d i ffe rent hearing /rea ring status ( Ra t t ray and Jagusch 1 978; 

Ratt ray et al .  J l)82a,b) were derived by the difference technique with ewes shifted to 

fresh b rea k s  of pastu re every th ree days .  These cond i t ions  a re represen ta t ive  of 

commercial farming practice during pregnancy, bur the majority of farmers adopt set 

stocking management from one to six weeks before lam bing. Grazing management 

studies du ring lactation (Clarke and Lambert 1982; McEwcn et a l .  1 983; Smcaton et  a l .  

1 983; Smcaton and Rattray 1 984) suggest that the relationship between herbage intake, 

pasture availabi l i ty  and production arc d iffe ren t under set s tock ing .  I n  particular,  

intakes appear to  be higher under condit ions of low pasture availabil ity. Earlier in take 

studies du ring lactat ion by Coop and D rew ( 1 963) and in Britain by Bircham (1981) 
confi rm this view. 

I n  la te  1 985,  when th i s  resea rch project com m enced,  each 1 %  im provement  i n  

sheepmeat and wool export production had an est imated F.O.B value of $27 m il l ion 

(Anon. 1 985),  despite the unfav ourable m a rket  cond i t ions prevai l ing at that t ime 

(Taylor  1986) . Further i nvestigat ion of the effects of differential grazing of the ewe 

during late pregnancy and lactat ion to i mprove the efficiency and profitability of the 
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nat ional  f lock  was therefore warranted.  H owever, before the part i t ioning of feed 

accord ing to ewe pregnancy sta tus could be successfully implemented on commercial 

sheep farms, bas ic  research was s t i l l  r eq u i red in two ma in  a reas .  F i r s t ,  further 

development of technology (and its a pplica t ion) for ident ifying the pregnancy status of 

the ewe accura tely and a t  a low cost was essential .  Second, better definition of feed 

i n t ake -produc t iv i ty rela t i onsh ips was  needed to devel op ,  even at a funda menta l  

modelling level, a lternative grazing management systems for  the pregnant and lactating 

ewe. This thesis i s  concerned primarily with the latter need. It  focuses on the valida tion 

of a new technology for measuring herbage intakes in  ruminants and the application of 

this technology to the measurement of feed intakes of ewes at pasture. 

EFFECTS OF N UT R I T I O N  D U R I N G  P R EG N A N CY A N D  LACTATION O N  

P R O D U CT I VITY OF T H E  E W E  

F e e d  R eq u i rement s  o f  Ewe s  o f  D ifferen t P regna n cy and  Rea r ing S tatus  

Feed requirements for  the pregnant and lactat ing ewe under New Zealand pastoral 

conditions have been published by Coop and D rew ( 1963), Jagusch and Coop ( 1971)  and 

Rattray ( 1974, 1986). A significant proportion of these feeding recommendations have 

been derived from indoor calorimetric studies rather than from measurements made on 

ewes a t  grazing. Estimates of the energy requirements associated with grazing, wa lking 

and  t he  effec t s  of c l i m a te a re i m p rec i se ly  def ined a n d  ra nge from 25-80% of 

requirements measured indoors (Coop and D rew 1963; Hadjipieris and Holmes 1 966; 

Russel et a l .  1967; Langlands 1977).  Coop and Drew ( 1 963) ,  for example, estimated that 

feed intakes of woolly ewes were increased by 10% due to  a temperate autumn cl imate 

(60-80% in freshly shorn sheep depending on wea ther conditions (Joyce 1968) )  and a 

further 20% when grazing was ad l ibitum or 50-80% when pastures were very short and 

grazing t ime was 6-8 hours per day. The typical adjustment for grazing sheep i s  to 

increase indoor  requ i remen ts  by 30-50% ( R a t t ray 1 986) .  H erbage a l l owance -

production relationships, derived mainly from rotational grazing trials conducted since 

1975, supplement some of the feed intake recommendations (Rattray and Clarke 1984; 

Geenty and Rattray 1987) .  Herbage intakes obtained by the difference technique have 

been obtained with the herbage allowance - production rela ti onships in some trials but, 

because of the l imita tions of this measurement technique (see p . 15), these values can 

only be interpreted as being broad management guidelines. Thus, while textbook tables 

may give the impression that the feed requ i rements of the ewe are well defined, the 

absence of an eas i ly a pplied and accurate method of measu ring intake in grazing 

animals means that rela tively few field tr ials have been conducted i n  New Zealand (or 

other temperate grassland countries for that m atter) to validate the derived estimates of 

energy requi rements of the ewe a t  grazing. 
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Feed requirements for both single- and twin-bearing ewes are reportedly similar to 

those of a non-pregnant  ewe unt i l  6 weeks  before lambing ( Foot and Russel 1979;  

Rattray 1986) .  A common recommendation is that twin-bearing ewes a t  this  stage of 

lactation should be offered 1 .3  maintenance (M) or 9% more than ewes with singletons. 

By weeks  3 and 1 pre-partum the d ifference increases to 21 and 24% respectively 

(Ra t tray 1 986) .  H owever , i n  an indoor s tudy of voluntary in take ,  Ha dji pieris and  

Holmes ( 1966) found tha t intakes of twin-bearing ewes declined by 1 1 %  over the final 

six weeks of pregnancy while those of single-bearing ewes increased by 48% over the 

sa m e  per iod .  A 12% decl ine in intakes of twin-bearing ewes between 7 and 2 weeks  

prior to parturit ion was measured by Foot and Russel ( 1979), although intakes were sti l l  

higher a t  2 weeks pre -partum than in mid-pregnancy . This suggests that reduced rumen 

volume, due to the rapidly increasing uterine volume over this period (Wallace 1948 ) ,  

l imits the intake of twin-bearing ewes. A similar effect may be caused by a high level of 

abdominal fat (Forbes 1968) .  In practice then, and as acknowledged by Russel et a l .  

( 1967) ,  the  recommended levels of  feed intake may no t  be physically possible in  late 

pregnancy, partic ularly if grazing managemen t to control  feed intakes is i m posed 

uniformly across the flock . 

Feed i n t akes  increa se r a p id ly af ter  partu ri t i on to  meet t h e  add i t i ona l  ene rgy 

requirements of lactation and are estimated to be 50- 100% greater than in dry ewes and 

50-75% h igher than the  req u irements  of la te  pregnancy (Coop and D rew 1963;  

Hadjipieris and Holmes 1966; Langlands 1977; Foot and Russel 1979) .  Rattray ( 1986) 

reported that ewes rearing· twins should consume 15, 17, 15 and 5% more than ewes with 

s i n g l e t o n s  a t  w e e k s  1, 3 ,  6 a n d  9 af te r p a r t u r i t i o n ,  r e s pec t ive ly . For  t h e s e  

recommendations peak intakes a re equivalent t o  3.5 M (3.1 k g  D M/day for a 50 k g  ewe) 

for twin-rearing ewes and 3.0 M (2.7 kg DM/day) for single-rearing ewes. During the 

later stages of lactation, energy is diverted to rebuilding body reserves (Coop and Drew 

1 963 ) .  Ewes, particula rly t hose wi th  a single la mb, a re a ble to regain m ost of the  

l iveweight  l ost in early lacta t ion by  weaning providing an ad l ibitum supply of h igh 

quality pasture is made available. 

Production responses, in terms of ewe and lamb weaning weight ,  to increased nutrit ion 

are s ignificantly greater during lacta tion than during pregnancy (Coop 1950; Rattray 

1986),  and effects of underfeeding during pregnancy can largely be compensated for by 

weaning a t  12 weeks through a high level of nutrition during lactation (Smeaton and 

Rattray 1984) .  However, the loss of wool production and reduction in fibre strength 

through low winter feeding cannot be compensated for (Coop 1953; Mooteath 1971 ;  

Hawker et a l .  1982).  The general recommendation, where pasture is in short supply, is  

t o  conserve pas ture i n  late p regnancy by ma in ta ining ewes on restricted intakes 
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(Rattray et a l .  1982b; McCal l · 1984) .  Saved pasture can then be used more efficiently by 

the lactating ewe. This s trategy should, however, be restricted to flocks of medium to 

low fecundity,  especia l ly  if ewe cond i t ion is  a lready l ow.  Where the incidence of 

twinning is h igher ( > 35%) m ore profitable opt ions may be to d ifferential ly graze 

single- and mult iple-bea ring ewes or to in troduce high q uali ty supplements for twin

bearing ewes ( Fowler and Thom pson 1 985;  Ear le and Male 1988) because of the 

potential detrimental effects of underfeeding on twin lamb survival (see p.8). 

Effects of Grazing M anageme n t  on Ewe a n d  Lam b  Performance 

The ability to ration winter pastu re supply means that farmers usually prefer some form 

of rotational grazing to set stocking during pregnancy. However, Smeaton and Rattray 

( 1984) ,  reported no  d iffe rences  i n  f ina l  ewe l iveweight  between win ter  grazing 

dura tions of 3.5, 14, 28 and 56 days. Ewe liveweights fluctuated more widely because of 

the greater extremes in daily nutrition associated with longer grazing dura tions but no 

informat ion on l amb surv iva l  or ove ra l l  productiv i ty of the systems was provided 

(Sheath 1 982) . At high stocking rates, ewe and lamb weaning weights are significantly 

reduced if set stocking replaces rota t iona l  grazing 4 weeks before, rather than a t, 

lambing (Smeaton and Rattray 1984 ) .  A comparison of rotational and set stock grazing 

showed only smal l  d ifferences in annual  f lock product ivity but lambing percentages 

were generally lower ( by 0-34%) under rota tional grazing (Clarke et al. 1986) . Lamb 

dea ths due to s ti l l bi rths, m isadven tu re and dystocia were h igher under rotational 

grazing, but s tarvat ion-exposure losses were much h igher u nder set stocking.  By 

contrast Scales et a l .  ( 1986) found that  the incidence of dystocia was significantly higher 

in twin lambs from ewes set stocked from two days before the expected lambing date 

compared to twin lambs from ewes shedded daily as they lambed. Although a total of 

2953 lambs were recorded in this study i t  i s  difficult to explain the cause of the short

term dystocia response. The general consensus is that the benefits of rotational grazing 

during pregnancy in  c on t ro l l ing  feed i n ta kes and  ewe l iveweigh t changes, a n d  

transferring pasture for consumption during lacta tion, are greatest where stocking rates 

are high (Smea ton et a l .  1983) or winter pasture cover and ewe condition a re l ow 

(Smeaton et al .  1985) . 

Set stock management from l a mbing to weaning i s  preferred by farmers because 

disturbance of the ewe at lambing is  reduced, mismothering through shifting ewes i s  

eliminated and  control of spring pasture growth is  more effective (Lambourne 1956; 

Sheath and Bircham 1983; Smeaton and Rattray 1984). At medium to high stocking 

rates rotational grazing during lactati on generally increases ewe weights at weaning and 

produces pastures of poorer qual i ty at weaning than does set stock grazing (Boswell et 

al. 1974; Mil l igan 1981) ,  but has no effect on (Broadbent 1964; Newton et al. 1985) or 
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reduces (Smea ton and Rattray 1984) lamb weaning weights. Lambourne ( 1956) found 

no difference between single- and twin-rearing ewes in l iveweight, fleece production, 

wool qual ity, lamb survival or number of lambs drafted for slaughter at stocking rates of 

1 0, 15 o r  20 ewes/ha . but resul ts may have been influenced by the use of catt le t o  

cont rol surp lus  pa s ture growth which was more prevalent on the rotationally grazed 

swa rd s .  L a m b  g r o w t h  r a t e s  a r e  m ax i m i sed at a da i ly a l l owance of a bou t  8 kg 

DM/ewe/day under rotational grazing but both l iveweight gain and wool production of 

single- and twin- rearing ewes continue to increase with greater da ily al lowances (G ibb 

and Treacher 1978; Rattray et al. 1982b: Munro and Geenty 1 983; Penning et al. 1986) .  

Rotat i onal  graz ing may be ad opted du ring early lact a t ion (or  cont inued from la te  

pregnancy) to bui ld pasture cover.  H owever,  the grazing interval should be reduced to  

14 to 21 days  once pasture cover approaches 1 000- 1 100 kg  DM /ha (when set stocking 

can be readopted) and m ob s·izes restricted ( < 400 ewes) to minimise mismothcring of 

lambs (Sheath and Bircham 1983 ) .  

A s  men t ioned  prev i ously ,  he rbage i n t ake -p rod uctivity re lat ionships for ewes set 

stocked during lactat ion under New Zealand condit ions a rc poorly defined. Although 

lambing date may have confounded the resul ts. McEwen et al. ( 1 983) estimated by the 

d iffe rence techn ique tha t  i n takes of ewes rea ring single and twin lambs were not 

significant ly different, but were 1 .5 and 2.3 times greater on a residual herbage mass of 

c .500 and 900 kg DM /ha respectively than on 300 kg DM/ha.  It is unlikely that the 

highest ewe in takes  ( 3 .35 kg D M /cwejday) would have been greater had residua l 

herbage mass been increased further. This response pattern compares favourably with 

Brit ish resea rch wh ich has  shown that  intakes during lacta t ion are maximised at a 

pasture heigh t of 5-7 cm for single-bearing (Bircham 19�1 )  and twin-bearing (Milne et 

al. 1981 ;  Penning and H ooper 1 985) ewes. This  pasture height corresponds to a residual 

mass of c. 1 100 kg D M jha ( H odgson 1984 ) .  Langlands ( 1977) reported that under 

Australian conditions ewe intakes are maximised at  residual herbage masses of around 

1500 kg DM/ha.  Lam b  intakes are less affected by extremes in herbage mass (Gibb and 

Treacher  1976) and a re t h ought to  be max im ised at  a sward height of > 3 .0 cm 

(Wadsw or th  1979 ) .  Th us  the p a s t u re requ i remen ts of suck l i ng l a m bs for h igh 

production under set stocking appear to  be similar to those of their dams. 

Potential to M odify Lamb Birthweights by Nutrition 

There has  been considerable interest in the potential to m odify lamb birthweights 

through ewe nu trition du ring pregnancy because lamb survival and lamb birtbweight 

a re highly correlated ( M ullaney 1969; Dal ton et al. 1980; Duff 1981).  Lamb survival 

rates are highest when birthweights fall within a range of a pproximately 3.5 to 5.5 kg, 

depending on breed ( Dalton et a l .  1980). Lambs lighter than 3.5 kg are mainly born as 
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twins and a re most prone to death from exposure, starvation or mismothering (Hinch et 

al. 1985; Scales et al. 1986) . The common cause of death in lambs weighing more than 

5.5 kg at birth, which are mainly singles, is injury during parturition (dystocia ) .  

There is conf l icting evidence concerning the  degree to  which lamb birthweights can be 

mod ified by n u tr i t ion during pregnancy, wh ich can be considered in terms of three 

periods; early- (day 0-30), mid- (day 31- 100) and late- (day 101-145) (Robinson 1983) .  

The general recommendation i s  that ewe l iveweight should be main tained during early 

pregnancy as embryo loss th rough reabsorption has been associa ted with both severe 

undernut rition and high planes of nutrition during this period (Bennet et al .  1964; Eddy 

1976; Davis et a l .  198 1 ;  Robinson 1983; Kelly et a l .  1989) .  

P lacen ta l  g rowth occu rs m a in ly d u ring  m i d - p regn a ncy, the placenta reaching i ts  

maxim u m  size a t  about day 90 ( Robinson 1983 ) .  Because placental weight is highly 

correl ated wi th  l amb  birthweight ( Mel ior  1983) fact ors which influence placen ta l  

d ev e l o p m e n t  a re i m por t a n t  ( K e l l y  and  Ra lph  1988 ) .  Coop  and  Clarke ( 1969) 

demonstrated that a ewe l iveweight loss of up  to 5 %  during mid-pregnancy had only a 

m i n o r  effect  o n  l a m b  s u rv iv a l  ( - 0 . 5 %  i n  tw ins )  compared to ma in ta in ing ewe 

liveweights, but n o  data on lamb birthweights or ewe intakes were provided. This result 

signif icantly influenced the development of winter grazing management systems in N ew 

Zea l a n d .  M odera te  t o  severe undernu t r i t i on i n  m id - p regnancy can reduce lamb 

birthweight by u p  to 0 .8  kg  (Curll e t  a l .  1975; Ra ttray and Trigg 1979; Kleeman e t  a l .  

1988) and cause f oetal  loss mainly through the reabsorption of one of a set of twin 

embryos ( Kelly et a l .  1989) . The response in lamb birthweights may be dependent on 

the condit ion of the ewe at  mat ing (Russet et al .  1981 ;  Gunn et al .  1986), as well as other 

factors of an imal  origin ( Russel et a l .  198 1 ) .  It is considered that the effect of mid

pregnancy nutr i t ion on lamb survival and growth rates reflects changes to maternal 

body reserves and the mothering ability of the ewe, more than the effect of birthweight 

� ( McClymont  and La mbourne 1960; Rattray and Trigg 1979; Russel et al. 1981 ;  

Kelly and Ralph 1988) .  For example, Dove et a l .  ( 1988a) found that level of nutri tion 

did not sign ifican tly affect birthweights but that ewe milk production and lamb growth 

rates were greater in ewes which had been fed at  a higher plane during mid-pregnancy .  

The effects of poor m id -pregnancy nutri tion on lamb birthweight can be compensa ted 

for  by increased feeding in l a te  pregnancy ( Parr  et a l .  1986) but the response is 

dependent on the severity of prior underfeeding (Rattray and Trigg 1979). 

Foetal growth fol lows an exponential patte rn ( Rattray 1986) and approximately 80% of 

the final lamb birthweight is gained during during the last t rimester of pregnancy. Ewe 

nutritional requirements correspondingly increase by 40 and 60% for single- and twin

bearing ewes respectively (Rattray 1986). The potential to modify lamb birthweight 
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therefore a p pears  to  be g reatest  during the l a st s ix weeks of pregnancy. Low to 

moderate nutr it ion in  la te-pregnancy causes a larger reduction in the birthweights of 

twin than of single l ambs (Wallace 1948; Coop 1950; Pearl 1967; Russel et a l .  1967; 

Smeaton et a l .  1983; K leeman et a l .  1988), al though zero or very small effects of low 

nutr i t ion have also been recorded (Papadopoulos and Robinson 1957; Rattray et a l .  

1982a ) .  These d ifferen t nutr i t ional responses may rela te to placental development in 

early pregnancy (Davis et al .  198 1 ;  Robinson 1983), al though i t  is difficult to compare 

between nutrit ional levels adopted in most grazing trials because feed in takes have not 

been recorded . Even wi th  su b-maintenance feeding of the ewe from mid-pregnancy, 

lamb birthweights were reduced by only 0.5 to 0.7 kg on hill country pastures (Smea r on 

et a l .  1985 ) .  The poten t ia l  to increase bi rthweights of twin lambs by high leve ls of 

n u t r i t i on i s  l i m i ted ( < 0 . 5  kg)  and may cont r ibute to p roble ms associated w i th  

overfatness in the ewe if a high level of nutri t ion i s  mainta ined th roughout pregnancy 

(Forbes 1968; Rartray 1986).  However, Earle and Male ( 1988) indica ted that improved 

nu t r i t i on of twi n - bear ing  ewes in good cond i t ion for only two weeks pre-partum 

signif icantly increased birthweights by 0 .2 kg and lamb survival by 7%. 

In summary, losses of l a rge single lambs could be reduced by adopting modera te- to 

severe-underfeeding of single-bearing ewes from mid-pregnancy, but  in practice this 

would only increase su rv ival in f locks of medium fecundity by a maximum of 5-7%.  

There could,  however, be  significan t  reductions i n  ewe wool production and q uali ty 

( M onteath 197 1 )  and poss ibly carryover effects on ovula tion rate a t  the next mating 

(Fletcher 1974; Cah il l  et a l .  1984) . Twin lamb birthweights could be increased by 0.5 kg 

with generous feeding in la te pregnancy (Scales et a l .  1986). This could i mprove lamb 

surv ival by up to 5% (Garrick 1984 ;  H inch et  a l .  1985), but  associated gains in  l amb  

survival f rom i mproved colostrum and milk production, and mothering a bil ity, would 

p robably be greater ( McCance and Alexander 1959; Fowler and Thompson 1985; Putu 

et al . 1988) .  

Ewe Milk Production 

The ewe lactation curve usually peaks one to four weeks after parturition and steadily 

declines from this point to a level which is between 20 and 40% of peak production after 

eight weeks (Barnicoat  et  a l .  1949, 1957; Scales 1968; Geenty and Sykes 1986). Milk 

production i s  most influenced by the level and pattern of herbage intake but is also 

affected by carryover effects (e.g.  ewe condition and feeding regimen) from pregnancy 

(Peart 1967; Foot and Russel 1979; Gibb and Treacher 1980; Gibb et al .  1981), ewe age 

and lamb birthweight ( Rattray 1986) .  Twin-rearing ewes produce approximately 30% 

m ore mi lk  at the peak of lactati on than single-rearing ewes but differences in  total 

production over the lactation may amount to only 10-15% (Corbett 1968; Geenty and 
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Sykes 1986) .  Norma lly 60-70% of total production i s  produced during the first 6 weeks 

of lactat ion ( Peart 1967) .  

The product ion of colostrum a t  the commencement of lac tation is earlier and more 

copius in ewes which have been fed to gain l ivewcight dur ing the last 2-6 weeks of 

pregnancy than in ewes which have been undernourished during this period (McCance 

and Alexander 1959;  Kha laf et al. 1979 ) .  This may signif icantly affect survival and 

subsequent growth of the lamb ( McCance and Alexander 1959 ) .  

The reported corre lat ion between milk production and l amb growth rate in  ewes rearing 

single tons during the first 4 weeks of lac ta t ion i s  va riable ( r =  -0.6 to 0.6) , indicating that 

in many c i rcumsta nces the lamb is unable to util ise al l  of the milk produced (Barnicoa t 

et a l .  1949;  S len e t  a l .  1 963 ; Pearl 1967 ) .  S ingle-rearing ewes wi th  the highest milk 

product ion therefore do not necessarily have the fastest growing lambs and factors 

other than ewe milk product ion grea tly infl uence the growth of s ingle lambs in early 

lactation. On the other hand, the growth rate of twin lambs shows a consistent positive 

correlation ( r = 0.3 to 0.8) wi th milk production and ewes with highest milk production 

genera l ly have the fastest  growing la mbs (Slen et a l .  1963;  Torres-Hcrnandez and  

Hohenbokcn 1980) .  The i m portance of m i lk product ion to  the  l amb progressively 

d imin ishes  from 3 to  4 weeks after parturi t ion, as development of the lamb's rumen 

al lows pasture to be substituted for milk ( Brown 1964) . Herbage in takes increase most 

rapidly in twin lambs of C\Ves with low milk production and by week 7 of lactat ion are 

about 0.3-0.4 kg organic matter (OM)/day (Penning and Gibb 1979; Gibb and Treachcr 

1980; Geenty and Dyson 1986) .  

M i l k  prod uc t ion of ewes rearing twins i s  most respon sive t o  increased pa sture 

ava i lab i l i ty during the first 4-6 weeks of lacta tion ( Barnicoat et a l .  1957; Gibb and 

Treacher 1978) .  However, Gibb and Treacher ( 1980) indicate, that even with ad l ibitum 

f ceding, twin-rearing ewes arc unable to consume sufficient pasture in the early stages 

of lactation to meet dai ly energy requirements. Ma terna l body reserves are therefore 

u t i l ised . This has  the most pronounced effect when herbage availabil i ty is low.  Thus 

ewes with h igher body condi tion at  lambing, because of more favourable feeding during 

or before pregnancy, generally have higher daily milk yields than thinner ewes (Gibb 

and  Treacher 1 980) .  H owever, i f  m il k  y ie lds  arc expressed in terms of metabolic 

l iveweight,  ewes undernourished during pregnancy may be higher producers (Geenty 

and  Sykes  1986 ) .  D e lay ing an  i ncrease i n  herbage avai labi l i ty unti l  4 weeks in to  

lactation would have l ittle effect through ewe milk production (Pearl 1967), and  lambs 

would gain greatest benefit from increased herbage intake. 

I t  can be concluded that  overall lamb product iv ity can be increased by ensuring that 
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twin-rearing ewes have h igh levels of body reserves (CS > 3.0) and ad l ibitum access to  

h igh qual i ty spring pasture during the  first 6 weeks of lactation. The t iming of  lambing 

in rela tion to the pattern of pasture production is therefore very important (Rattray et 

a l .  1975; McEwen et al .  1983; McCall et al. 1986a ) .  In situations where ewe condi ti on 

and pasture ava ilabil ity were both low, worthwhile increases in twin lamb growth rates 

could be real ised by using a h igh concentrate supplement ( Earle and Male 1988) .  The 

amount and qual ity of herbage becomes increasingly important to the lamb as lactat ion 

progresses and, unless the lamb is weaned early (6-8 weeks), weaning weights of both 

the ewe and the lamb(s) will benefit from a good supply of high qual ity pasture (G ibb et 

al .  1 98 1 ) .  

Wool Product ion 

Few compara t ive s tud ies  of the wool producti on of non-ma ted ewes and  ewes of 

different p regnancy and rearing status grazed together have been reported . Est imates 

of the rela t ive wool product ion of dry and lactat ing ewes therefore ma inly relate to 

situations where the groups have been grazed sepa rately (Corbett 1979) . Annual greasy 

wool production is estima ted to be 0.0 to 0.45 kg (0 to 10% of annual production) lower 

in twin -rearing ewes than in those which which have reared a single lamb and 0 .1  to  0.5 

kg (3 to  10% of annual product ion)  greater  in  dry ewes than in ewes rearing singles 

(Story and Ross 1960; Seebeck and Tribe 1963; Lewer et al .  1983; Langlands et al. 1984; 

Newman 1988) .  The relat ively small proport ion of any annual d ifference (5 to 8%) that  

can be at tr ibuted to the effects of rearing rank during lacta tion are dependent  on the 

l ength of lac ta t ion ,  level of m i lk production and feeding level ( Corbett 1979; Oddy 

1985). Hawker et al. ( 1982) found that increasing herbage allowance from 2 to 10 kg dry 

matter (DM)jewejd would increase wool production by a maximum of 0 . 15 kg over a 12 

week lacta t ion .  Pregnancy reduces annual wool product i on by 3- 10% ( Re id  1978; 

Corbett  1979).  Most of this reduction occurs during the last tr imester of pregnancy and 

is  l a rges t  in  twin-bear ing ewes which are underfed (Corbett 1979; Rattray 1986) .  The 

effects of nutri t ion on wool growth are much more significant during both pregnancy 

and lactat ion than those caused by changes in the physiological status of the ewe (Coop 

1953; Coop and Clark 1969; Monteath 1971 ;  Corbett 1979; McCall et al. 1986a ) .  It can 

be concluded tha t  ne t  wool produc t ion ga ins  th rough preferen t ia l  part i t ioning of 

pasture to  ewes rearing twins during lactat ion are likely to be small .  
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Non-N utritional Effects o n  Lamb Survival 

Kilgour ( 1982) noted that on hill country a high proportion of lambs slip some d istance 

from the lambing site at  birth. This can lead to mismothering, particularly of m ultiple

born lambs, by disrupting the bonding process (Stevens et al . 1984 ) .  Lamb mortality on 

hill country properties may be reduced (possibly by more than 10%) if ewes are shifted 

to flat or easy contour (slopes < 20°) land for lambing (Knight et al. 1989) . McMillan 

and Knight ( 1 985) i nd icated that ewes and their lambs may be returned to steeper  

paddocks  one day after lambing without further losses due to  slope occurring. 

S tarvat ion-exposure mortal ity, which accounts for 25-50% of perinatal lamb deaths 

( Sykes 1 982; Donnelly 1984 ) , can be reduced by the provision of shel ter. Bird et a l .  

( 1984a) summarised the effects of providing shelter on lamb mortality within 48 hours 

of birth in six trials and found that losses of both single and mult iples were reduced by 

30-50%. Planning feed supplies to ensure that the most sheltered paddocks are available 

for preferen tial use by twin -rearing ewes at lambing could therefore increase overall 

lamb survival by 6-10% (Garrick 1984) .  

D E V E L O P M E N T  O F  S Y ST E M S  FO R D I A G N O S I N G  EWE P R EG N A N C Y  

STATUS 

To i m plement  d iffe rent ia l  g raz ing management of  s ingle- and twin-rearing ewes in  

commercial fl ocks an  accurate,  mobile, low cost, easi ly serviced and  rapid (60- 100 

ewes/hour) method of diagnosing ewe foetal sta tus is required. Diagnosis should be 

safe for both the ewe and her lamb(s) and the operator, and operational ski l ls  should 

preferably be able to be acquired with a modest level of t ra in ing. A wide range of 

techniques for determining pregnancy status and diagnosis of mult iple pregnancy have 

been tested. These have been reviewed by Lindahl ( 197 1) ,  Richardson ( 1972), Thwaites 

( 1981 )  and Watt et a l .  ( 1984) .  The following section is restricted to a brief discussion of 

the use of laparoscopy, u l trasound scanning, X-ray fluoroscopy and blood metabolite 

levels for identifying groups of ewes for differential management during pregnancy and 

lactation.  

Laparoscopy 

The .i.n....s.inl observation of reproductive organs by laparoscopy allows pregnancy status 

to be determined from three days after mating (Kelly and Allison 1976) . The technique 

requires skilled operators to prepare a small surgical incision and to operate specialised 

equipment for examining the ovaries. Up to 30 mature ewes can be examined per hour 

with four operators (McDonald 1989). The operation has a only a minor effect on ewe 
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reproductive perfo rmance , even if repeated o n  the same ewe on seve r a l  occasions 

(Kel ly  and  A l l i son 1 976) .  H owever it rel ies on the assumption that  no fer t i l isa t ion l osses 

o c c u r  ( i . e .  t h a t  t h e  n u m b e r  of foe tu ses  eq u a l s  t he  n u m be r  of corpora l u t e a ) . 

La pa rosc opy ha s  m a i n ly been ad o p ted on c o m m e rc i a l  f a r m s  i n  N ew Z e a l a n d  i n  

a ssocia t ion w i t h  embryo t ransfer programmes. 

Rad iog ra phy 

Pregna ncy d iagnosis of ewes by X - ray was adopted in the 1940's for m onit oring lam b 

foe t a l  deve l o pm e n t  ( W a l l ace 1 948 )  and  was  subseque n t ly u sed for  d e t e r m in i ng 

pregnancy  s t a t u s  ( e . g .  Benz i e  1 95 1 ;  A rd ra n  and B rown 1 963;  R icha rdson 1 972 ) .  

Differentiat ion between foe ta l  numbe r  w i t h  c l ose to 1 00% accuracy could be  achieved a t  

90- 1 00 days,  i .e .  af ter  foet:-� 1 bone ossific ia t ion ( R icha rd son 1 972; Wilson 1 98 1 ) .  H igh 

ca pi ta l  costs, l ack  of porta bi l i ty of equi pmen t,  pote n t i a l  for ex posu re to radiat ion a nd 

re la t ive ly l ow t h rough puts (30-40 ewes per hour)  were the ma in  d isadvan tages of ea rly 

X-ray pregnancy diagnosis systems ( R izzol i  cl a l .  1976) .  In add i t ion the dorso-ventral 

orien ta t ion adopted for the  X- ray of sheep requ i red considerable an ima l  hand l ing prior t o  

diagnos is  ( Beach 1982 , 19X4) .  A transportable walk- through la tera l -abd o m i na l  v iewing 

system wi th  a t h roughput  of u p  to 250 ewes per hou r an d  a d iagn os t ic accu racy of 

2_95Sl a t  90- 1 1 0  days of pregnancy had been deve l oped by the New Zea l a n d  DS I R by 

1982 ( Beach 1982) .  This equ ipmen t  was leased to a vete r ina ry pract ice and used to test 

about 100,000 ewes on com me rcia l p rope r t ie s pr ior  to each of the 1984 a n d  1 985 

l a m bi ngs ( Q u i n l i van  1986) .  Some m a c h i n e  f a i l u res occu rred but the major d ifficu l ty 

proved to be h i r i ng  a n d  t r a i n i n g  staff wh o cou ld  rap id ly a n d  acc u ra te ly  d ifferen t i a t e  

between single and m u l t ip le foetuses for prolonged opera t ing periods ( 6  to 8 hours per 

day) . Fu r ther  ref i n e m e n t s  to a n i ma l  h and l i ng equ ipmen t  and more recent  v ideo

fl uoroscopy equipmen t would have enabled both the diagnostic ra te and accuracy to be 

increased (Beach 1 984) .  Fewer ewes were tested in 1986 when an accuracy of 95.8 to 

98.8% was obtained, except on one property ( 7 1 .2%),  with throughput  ra tes of 200-250 

ewes/hour (Grace et a l .  1989). Low returns on a l a rge capital investment ($1 00,000) and 

th e  r a p i d  deve l op men t of  u l t rasound sca n n ing eq u i p me n t  has  mea n t  tha t  X - ray  

technology for pregnancy d iagnos is has  not been adopted commerc i a l ly . 

Ultrasound Scanning 

U l trasound equipment for pregnancy diagnos i s  of farm an imals ranges from s imple 

pu l se -echo and D op pl e r  mach ines  cost ing u p  to  $ 1 ,000, to  cons ide rably more  

expensive real t ime scanning equipment ( > $10,000, Thwaites 1981) .  In general t he  low 

cost equipment ,  i n  the hands of a skil led operator, can provide 90-95% accuracy in  

determining whether the  animal  is  p regnant  a t  40-60 days of pregnancy (Hulet 1969; 
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Stone and Fricker 1970; H ulet 1972; Lane and Lewis 1981) ,  but reliable determination of 

single or mult iple pregnancy status has usually been unsuccessful (Allison 1971 ) .  

During the  early 1980's real time ultrasound scanners with external probes, developed 

for human medicine, were evaluated for determining foetal sta tus in sheep. A > 95 %  

accu racy i n  pr�dic t ing f o e t a l  n u mber  a t  40-60 d a y s  w a s  ach ievable w i th sk i l led 

opera t ors (Fowler and Wilk ins 1982, 1984; Carter 1986 ) .  Recen t  experimen t s  have 

indicated that this for m of scanning provides a more accura te estimate of l i t ter  size a t  

birth in high fecundity Merino ewes than does twice daily lambing observations (Smi th  e t  

a l .  1988) .  Wilkins ( 1988) has  a l so  reported a 95% a�curacy in  predicting the presence of 

single vs twin embryos from day 27 of pregnancy using a trans-rectal l inear a rray probe 

attached to an u l t rasound scanner.  Diagnosis time and accuracy is highly dependent on 

opera tor sk i l l ,  but test rates (for 0, 1 and  2 foetuses) of 80-200 ewes per hour  a re 

possible with experienced operators ( Carter 1986; Duckworth 1986; Grace et a l .  1989). 

D ifferen tia tion between two or m ore foetuses is less accurate and slower (Owens and 

Armstrong 1985) . An u l t rasound pregnancy diagnosis service is available to farmers in 

some region s of N ew Zealand  ( Duckworth 1 986) . Wi th  further refinements to the 

technology, and reductions in equipment costs, realt ime ultrasound scanning by skilled 

operators is l ikely to  rema in the m ost  effective method of pregnancy diagn osis on 

commercial properties. 

Metabolic Sta tus of the Ewe 

S tudies of blood metabol i te levels in  ewes during the last two months of pregnancy 

indicate that the lamb(s) imposes considerable nutrient demands on the ewe ( Russel et  

a l .  1967 ) .  This requ i res the catabolism of fat stores if nu trien t intake is inadequate 

(Melior 1987) .  It is therefore possible to differentiate between ewes according to their 

level of nutrient stress as measured by blood metabolite levels. Feeding the ewe of the 

basis of her blood metabol i te levels a t  90- 100 days of p regnancy has therefore been 

proposed (Russel et a l .  1967 ;  Parr  et a l .  1984 ) .  This approach acknowledges tha t  

management of the ewe on the  basis of pregnancy status a lone may no t  be appropriate 

because other factors such as her age, body size/condition and the inherent growth 

potent i a l  of he r  l a m b ( s )  may a l so have an i m p o r t a n t  inf luence on her n u t ri t iona l  

requirements (Robinson et  a l .  197 1 ;  Melior 1967) .  

Management systems based on blood metabolite levels in ewes grazed a t  pasture, as  

opposed to  those under controlled indoor feeding conditions (Melior 1987),  have not 

been successful. For exam ple, K elly et  a l .  ( 1985) failed to record differences in lamb 

birthweight or survival when ewes were allocated to different feeding treatments on the 

basis of b lood glucose conce nt ra tions .  S im i l a r ly, Gao et al. ( 1990) showed that 
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measurement of blood mctabolitcs at  1 10 days of pregnancy was not more effective in 

i den t i fy ing ewes of med ium  fecu n d i ty requi ring addit ional  feed intake during l a te  

pregnancy than pregnancy diagnosis alone. Although a rapid blood metabolite test (e .g .  

for g lucose)  could be deve loped .  the technique requ i res ski l led animal  hand l ing to 

p revent  d i stu rbance of b lood me ta bo l i te concen t ra t ions (e .g . through s tress) .  M ore 

i m po r ! a n t l y ,  it wou l d  proba bly not provide any adva ntages in cost, accuracy or ewe 

testing ra te  compared to u l t rasound scanning (Gao et al. 1 990) . 

T E C H N I Q U ES F O R  M EAS U R I N G  H E R BA G E  I NTA K E  

The pauc ity of feed in take  d a t a for  ewes a t  pa s ture can be l a rgely a t t ribu ted t o  the 

absence of an  easi ly a ppl ied but accu rate techn ique for measu ring herbage intake. The 

charac ter is t ics and l imi tat ions of herbage i n take mea suremen t techniques a rc discussed 

in t h i s  section. M ore detailed reviews of t h is subject have been published hy Pigden and 

Minson { 1 969), Hodgson and Rod riguez ( 1 97 1 ) ,  Langlands ( 1 975, 1 987), Cordova et a l .  

( 1 97�), Corbctt { 1 97R, 1 9R l ) ,  Me ijs ( 1 98 1 ) , Meijs e t  a l .  ( 1 982) a n d  Le Du and  Penn ing  

( 1982) .  

The t e ch n i q u e s  for  m e a s u r i n g  he rbage i n t ake  in grazing an i ma l s c a n  be  b road ly 

classified as being ei ther sward- or an imal -based . They a rc sometimes inappropriately 

refer red t o  as di rect and ind i rect  methods of intake measurement.  These terms a re 

more correctly a pplied to  animal -based estimates which a rc derived either d i rectly (e .g . 

w e i g h t c h a n g e )  o r  i n d i rec t l y  ( e . g .  m a rk e r  c o n c e n t r a t i o n  i n  t h e  f a e c e s )  from 

measurements  made on  the  an ima l .  

Swa rd- Based Techn i qu e s  

Pas ture d ifference 

The pastu re d ifference techn ique is based on the equation: 

in take = (pre grazing herbage mass - post grazing herbage mass) 

number of animals 

The accuracy of the technique i s  the refore heavily dependent  on the precision with 

which herbage mass can be mea su red. It is not suitable for assessing herbage intake 

under con t i nuous  stocking management .  The coefficient of va ria tion of repl ica ted 

pasture cuts to estimate herbage mass is 20 to 35% for m ost sward types (Campbell et  

a l .  1962;  Fra m e  1 98 1 ) .  A ccu racy can  be increase� by taking m ore s a m ple  cuts  o r  

increasing sample size ,  bu t  this increases labour requirements, and  may a lter animal 
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grazing behaviour, respectively . An a l ternative is to  adopt a double-sampling method of 

a ssessing herbage mass based on a non-destructive techn iq ue (e .g.  pasture height) 

which has a high cor rela t ion wi th pasture mass and which can be obtained with l i t tle 

addit ional effort (Back et al .  1969; O'Sull ivan et al .  1987) .  

The d ifference method i s  most  rel iable i f  the  grazing period i s  short because th i s  

min imises potent ia l  errors a r ising from herbage growth, senescence, decay or pest 

da mage du ring the measurement i n terval . Most researchers agree that these factors 

have a minimal effect on intake estimates over a 2 to 3 day period ( Meijs 1981) ,  but this 

will be dependent on the type of pasture and the rates of herbage accumulation being 

ach ieved . Herbage accum ula t ion is  n ormally accounted for by an assessment of the 

growth of undistu rbed pasture within an exclosure cage, and is assumed to be l inear 

wi th t ime .  This  may not represen t  condit ions on the g razed swa rd (Frame 1 98 1 ) .  

Within-plot varia tion in herbage conditions i s  usually ignored b u t  may affect an imal  

intakes and their est imat ion.  An i ndication of the effect of factors such as herbage 

maturi ty ,  botanical  composi t ion and  variat ion in swa rd spat ia l  d istr ibut ion can be 

obtained by recording a series of i ntake measurements over several days. 

Estimates of in take are more precise if a la rge amount of herbage is consumed per unit 

a rea ( Meijs 198 1 ) .  This is  more readily ach ieved w i th groups rather than individual 

a n i ma l s .  I ndivid u a l  a n ima l  i n takes  a re therefore u sua l ly n o t  obta ined when the 

difference technique is applied . 

The coefficient of va riation (CV )  between estimates of intake obtained by 'difference' 

were reported by Waiters and Evans  ( 1979) to vary from 7 to 250 %. In contrast, Meijs 

( 198 1 )  suggested that ,  provided t opped pre-grazed herbage could be used, average 

grou p m ean i n ta k e  could be est imated  with a CV of abou t  6 % .  Factors affect ing 

precision of estimates include level and variability of pasture yield ( Green 1949), length 

and intensity of the grazing period (Linehan 1952; Penning et a l .  1986), number and size 

of sam ple units (Green et a l .  1952) , type of machinery used for harvesting ( Meijs 1981) ,  

pasture type and d ifficulty of recovering samples from post-grazed swards (Waiters and 

Evan s  1979) .  The general recommendation is  that the difference technique is useful for 

making preliminary assessments of herbage in take but wherever possible these should 

be confirmed using animal-based estimates. 

Sward tissue turnover 

Animal consum p tion under continuous grazing can conceptual ly be determined by 

changes in  swa rd mass through t ime using the formula (Bircham 1981) : 
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NP = G-S = C  

where N P  = net production of herbage, G = new herbage growth , S = senescence and 

C = an imal consu mption . 

These pa ra meters can be determined most easily if the sward is mainta ined a t  a fixed 

pasture mass .  However, the requ i red detai led and labor ious measurement of sward 

t issue tu rnover make this  a pproach i mpractical for most experiments .  

D i rect  An ima l -Based Measurements  

Shor t - term changes i n  a n i m a l l iveweigh t .  

Herbage in take can be  es t ima ted using short- term changes i n  l iveweigh t according to  

the  formula ( Erizian 1932 ) :  

in take = (W1  + L + f + U + R) -W? 

where wl and w2 arc l ivcweight at time t 1 and t2, 

L = we igh t of water drunk 

F = weigh t of faeces produced 

U = weight of urine produced 

R = weight  loss due to resp ira t ion and t ransp i ra t ion ( some t imes  referred to  a s  

insensible weight losses (Penning and H ooper 1985 ) ) .  

The  techn ique wa s a d opted by Allden ( 1 962) and  A l lden  and Wh i t t a ke r  ( 1970) t o  

est imate the rate of in take  in  grazing sheep, this parameter being mult ipl ied by grazing 

time to  est imate average da ily in take. No assessment of the accuracy of the m ethod was 

made . A pp l i ca t ion of the techn ique requ ires  cons iderable  labour i n p u t  a nd some 

animals must be  f i t ted wi th  harnesses to al low the  total collection of faeces and urine. 

There is no  s imple method for measuring R in grazing animals and estimating the dry 

matter  conten t of herbage grazed by the sheep may be difficult . Penning and H ooper 

( 1 985 ) eva l u a ted a m od if i ca t i on of the  t e chn i que in ewes us ing  m o re a c c u ra te 

equipment for record ing l ivcweight change (based on a 1 hour grazing period) and 24 

hour grazing behaviour .  They found a good agreement between dai ly mean intakes 

estimated by this approach and by the chromic oxide dilution technique, and concluded 

that  i t  may be the most  a ppropriate technique for estimating intake where pastu re 

conditions arc changing rapidly. 

Elec t ronic  weighing ( telemet ry )  a l lows very sensi tive measurement of l iveweight  

changes to be  made .  For example, Horn and Millar  ( 1979) piaced steel-encapsulated 

pressure transducers ( 'bov ine  boots ' )  under the hooves of ca t tle  to record weight 
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changes a s  small a s  0.5 kg/500 k g  while the animals were grazing. This may improve the 

appl icabi l i ty of l iveweight change for est imating in take, especial ly if combined with 

measurements of grazing behaviour. 

G raz ing  behaviour 

Herbage in take is  a function of  grazing behaviour and in  mechanistic terms can be 

defined as the product of bite size, biting rate and grazing time (Allden and Whittaker 

1970) .  Meters to record biting ra te (Stobbs and Cowper 1972) and vibro-recorders to 

measure grazing time (Penning 1983), that can be easily fitted to grazing animals with 

min imal  d is turbance to their normal behaviour, have made this a pproach to intake 

measurement more popular. An important advantage of the technique is that herbage 

intake can be related to behavioural a spects of g razing. Combining these data with 

information describing sward characteristics (e .g. sward height ,  spatial distribution and 

plant m orphology) and an imal  production al lows an  i m proved definit ion of factors 

affecting herbage intake (Jamieson and Hodgson 1979; Penning and Hooper 1985) . This 

information is  important for improving the grazing management decisions of fa rmers 

(H odgson 1984 ) .  However, Hodgson and Maxwel l  ( 198 1 )  qua lified the use of the 

technique as being ' . . .  a means of explaining observed effects on herbage intake rather 

than a means of estimating herbage intake i tself' .  

Water  in take a n d  turnover ra te  

Animals  derive water  from three sources: drink ing water ,  water  in food and  water 

produced by metabolic processes in tissues ( Bondi 1987) .  'Metabolic' water comp rises 

5-10 % of total  water intake in most domestic animals. The deriva tion of herbage intake 

by this method is  based on the assumption that total water intake equals water which is 

drunk plus water consumed in the herbage (i .e .  the metabolic fraction is assumed to be 

zero) . Thus, if drinking water is measu red or restricted, herbage intake can be derived 

from the water content of the herbage (Hyder et a l .  1966) . Indoor trials are required to 

define the  rel a ti onsh ip  between water  req u i rements,  a i r  temperature and  in take 

( Benjam i n  e t  a l .  1977 ) but  these may no t  be representa tive of  outdoor  graz ing 

conditions. The technique cannot be  applied in some environments, for  exam ple those 

in which water in the feed exceeds the daily water requirements of the animals (Hyder 

et al. 1966 ) .  

Water turnover rate can  be estimated by dosing grazing sheep with tritiated water or 

deuterium oxide (Benjamin et a l .1977) and measuring the decline in radioactivity in the 

blood. If access to d rinking water  is restricted, herbage intake can be calculated by 

dividing water turnover by the water content of grazed herbage. The accumula tion of 
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isotopically labelled water from the dam has also been used t o  estimate milk intake of 

calves (Wright et a l .  1974) and lambs (Dove 1988) . 

Bolus  s i ze and  swal l owing 

Stuth et a l .  ( 1 98 1 )  demonstra ted that  rhe swal lowing motion of goa ts could be easily 

identified from impulses provided by elecrrodes implanted in the oesophagus. Forwood 

( 1985) adapted the  technique to oesophagea l ly -fistu la ted steers ro m oni tor  bolus  

swal lowing events and  observed a h igh correlat ion between DM intake and  t he  number 

of such events (r  > 0.9) .  Herbage intake could potentially be calculated by multi·plying 

the number of bolus swallowing events by average bolus size. 

Feeding s tandard s  and  a n i m a l  p roduc tiv i ty 

Herbage intake can be estimated by dividing the energy requirements for maintenance 

and product ion by the nutrit ive value of the herbage available (Corbett 1 978). I mproved 

estimates of the energy requirements and better equipment for mea suring production 

have increased the reliabil ity of this approach, which is commonly used by farmers for 

feed planning (Forbes 1986) .  

I n direct  An ima l-Based  Techn iques 

A com m on disadvan tage of  d i rect animal -based techniq ues for es t imat ing herbage 

intake is that  the animal's normal grazing behaviour is modified. Disturbance of grazing 

can often be reduced if herbage intake is estimated indirectly from the animal .  Indirect 

animal-based measurements of herbage intake are based on the expression: 

intake =faecal output/( ! -digestibility) (Equa tion 1 . 1 )  

where digestibility = (feed intake-faecal output)/feed intake 

Separate estimates of faecal output and digestibility of herbage consumed a re therefore 

required. 

Est imat ing faecal  output  

Faecal product ion can be measured d irectly by fitt ing an imals  with harnesses and 

col lect ion bags. M eijs ( 198 1 )  l isted the  d isadvantages of  th is technique a s  being:  

reduced an ima l  performance and  modificat ion of grazing behaviour; incomplete 

collection of faeces through incorrect fitting of bags or damage to bags; difficulties of 
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collecting faeces free of ur ine from female animals; high labour requirements ; and, in  

long-term soil fertil i ty experiments, lack of return of faeces to the sward. Nevertheless 

the techn ique  remains  the  s tandard method of va l ida t ing the accuracy of i nd i rect  

measurement of faecal output in grazing animals. Results are obta ined quick ly and only 

s imple low-cost laboratory analyses a re requ ired to determine OM and ash contents .  

Total co l l ec t ion of faeces from a sa mple of an imals on experiment has been used in 

conju nc t ion wi th ind igest ible mark ers to est imate the recovery rate of t he  marker  

(Langlands  e t  a l .  1 963a ) and  to adjust faeca l  ou tpu t  accordingly ( Langlands  1977 ;  

Wa iters and Evans  1979; Geenty and Sykes 1986) .  

Al te rnat ively faeca l ou tput  is  est ima ted from the  concen t ra t ion  of  an  ind igest ible 

marker in  the faeces using the equat ion ; 

faecal output = weight of marker ingested/concentrat ion of marker in faeces 

The technique assu mes that a known proportion of marker ingested is recovered in the 

faeces (normally 100%) and that the faecal sampling technique a l lows the mean ma rker 

concentra tion to be calcula ted. A substance is su itable for use as a marker if i t  is inert 

and non- toxic to the animal ,  is not absorbed or retained in the digestive tract, is of low 

bulk ,  mixes un iformly in the feed and d igesta, i s  readily and q uant itatively measured, 

and p referably is  inexpensive ( K obt a nd Luckey 1972 ) .  Markers , or indicators, arc 

classified as being 'external '  if they a re added to the diet, admin istered by infusion or 

taken orally (e.g. chromic oxide) or ' internal '  if they occur naturally in the an imal's diet 

(e.g .  lign in ) .  

When markers a re used, faecal sa mples are collected ei ther direc t ly per  rectum,  grab 

sampling, or from the sward (CAB 1961 ;  Kobt and Luckey 1972) .  Grab sampling al lows 

sam ples  to be obta ined for  ind iv idua l  an ima l s  bu t  requ i res a high  level of an imal  

disturbance and is stressful to the a nimal .  The commonly adopted twice-daily sampling 

rout ine cannot  pract ical ly be ma in tained for periods of m ore than 5 days wi thout 

al lowing a t ime for recovery from poten t ia l  damage to the rectum due to bruising or 

irritation of wall l in i ngs, particularly if immature an imals a re involved . In  addition some 

animals  become 'sampl ing shy' and  defaecate immedia tely pr ior to sa mpl ing .  This 

problem can be partially overcome by observing animals while grazing . Although this 

increases labour costs, an imal disturbance is reduced. Sward sampling decreases animal 

disturbance and provides a m ore random procedu re for obtaining samples (Raymond 

and Minson 1955) but individual animal records cannot be identified unless a second 

unique marker (e.g.  polystyrene beads; Minson et a l .  1960) is included in the faeces. For 

large grazing a reas, and for animals with small pelleted faeces, less labour is required if 

sam pling sites ( rings) are marked randomly across the sward ( Raymon d  and Minson 
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1 955; Langlands e t  a l .  1 963b) .  There is limited evidence that marker concentrat ion . i n  

sward samples can be affected in some environments by insect damage, leaching during 

heavy rain or sedimenta tion (Raymond and Minson 1955; Meijs 198 1 ) .  

Chromic oxide has become widely accepted as a ma rker for est imat ing faecal output i n  

grazing ruminants since i t  was first proposed by Edin ( 19 18) .  More recen tly, increased 

in terest has  been shown in radioisotopic markers (Chamberlain and Thomas 19�3) ,  

natura l  p lant  components such as N-alkanes (Mayes et  a l .  1986) and acid - insoluble a sh 

(Van  Keulen and Young 1977) ,  and rare earths such as yl terbium chloride ( Prigge et a l .  

198 1 ; Krysl et a l .  1988). This in terest has  been a consequence of the development of new 

me thods for applying and assaying these markers. Most of the val idat ion experiments 

for chromic oxide were comple ted during a 1 0-yea r period from 1950 including studies 

by Kane et a l . ( 1 950) ,  Lancaster et al. ( 1 953) .  L inkous  e t  al . ( 1 954 ) ,  Raymond and 

M i nson  ( 1955 ) ,  Ka m c oka et  a l .  ( 1 956 ) .  P igden and  Br i sson  ( 1 956 ) ,  La m bo u r n e  

( 1957a,b), Corben e t  a l .  ( 1960) ,  Lambourne and Rcardon ( 1 9b3 ) and Langlands e t  a l .  

( 1963a ,b) .  As a result of these trials ,  two sou rces of error associated with the use of 

chromic oxide, which apply to faecal markers in general .  were identified. A shon term 

error,  com m only referred to  a s  d iurna l  v a ria t ion ,  ar i ses from d ifferences between 

m arker concentra tion in the sam ple collected and a representative sa m ple of the faeces, 

whi le a long term error ( i ncomplete or over- recovery) occurs when the marker output 

differs from marker intake ( Corbetr et al .  195X) .  The long term error a r ises primari ly 

from sam pl ing procedures  and the determina t ion of faeca l chrom i u m .  Le · ou a nd 

Penning ( 1982) found the average recovery of ch romium achieved in 55 experiments 

covering both sheep and cal t le was  96.5% (SD 5 .6 % ) .  A higher recovery and lower 

variation ( 100.7 ,SD 6.6%) of Cr203 administered to sheep than of Cr203 administered 

to da i ry cows (83 to 98% depending on feed type and form of Cr203) was noted by 

Chamberlain and Thomas ( 1 983).  This could be due to d ifferences in the distribution of 

feed particles in the rumen. Rumen contents of sheep are usually uniformly distribu ted 

whereas a raft  format ion  of herbage f loa t ing on rumen l iqu ids  is found in ca tt le 

(Waghorn 1989) .  Meijs ( 198 1 )  indicated that  incomplete recovery of chromium may be 

explained by absorption of soluble chromium compounds, retention of the marker in the 

digestive tract, l osses during sample preparation ( particularly grinding), regurgitation 

of the marker, failure of the assay method or incomplete collection of the faeces (when 

deriving a recovery factor using total collection) .  In add ition poor recoveries in some 

experiments can p robably be a tt ributed to sa mpl ing having occurred p rior to steady 

state levels of chromium being achieved in the faeces (Pigden and Brisson 1956), to the 

form in which C r2 03 i s  admin i stered ( Cham berlain and Thomas 1983) and to  an 

inadequate length of sampling period to account for between-day fluctuations in marker 

output  ( Mc Rae and Armst rong 1969) . Moran e t  a l .  ( 1 987) also indicated that the 

magnitude of diurnal variation in feed intake (e.g. dry compared to lactating cows) and 
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the type of feed (which influences passage rate) affect chromium recovery. Recovery of 

additional chromium may occur if environmental levels of chromium are high and there 

i s  a n  associated high l evel of soil  i ngestion (Corbett 1981 ) .  Langlands et al .  ( 1963a) 

therefore recommended that total faecal col lect ions from an additional treatment group 

shou ld be made to quan tify any bias in  the level of Crz 03 recovery, but this assumes  

1 00 %  re l i ab i l i ty of  the  bagg ing  tech n i que and i n t rod uces ex t ra an i mals  t o  the  

experiment .  Reducing the  specific gravity of Cr2o3 to i m prove the  d ist ribution of  the  

marker among feed particles in  the  rumen, hy administering Cr203 as  a component of 

sh redded paper (Corbett et al . 1958) or coating with an inert polymer (Bruckcntal et al .  

1 989), can im prove recovery rates by decreasing within-day variation in faeca l marker 

concen t rat ion . I ncreasing the frequency of Cr2o3 ad minist rat ion has a s imi lar effect 

( P igden and Brisson 1 956) . Mini mum sampling pe riods of th ree days, and prefe rably 

longer  ( La nglands et a l .  1 96 3 b ) ,  are recom mended because of the high between-day 

variation in faecal ou tput (CV > 15%;  Hcaney et al .  1 968; McRac and Armstrong 1969; 

Ulyatt 1 972) even when feeding levels arc controlled. Bias a ssociated with the a ssay of 

faecal Cr203 can be mon itored by including standards with known levels of the marker .  

Diu rnal varia tion in faecal chromium concent rat ion,  wh ich has been found in dairy and 

beef catt le  (Smith and Reid 1955; Corbett et  al .  1 958; H opper et a l .  1 978; Moran e t  a l .  

1987) ,  goats (Kamcoka et a l .  1 956) , pigs (Clawson et al . 1 955) and sheep (Raymond and 

Minson 1955; B risson et a l .  1957; Lambourne 1 957b; Langlands et al .  1963a) ,  has been 

shown  to  be pr imari ly due to the method of chromium adm in i st rat ion and the faecal 

sam pling routine adopted. The level and pattern of feed intake, feed type and quality, 

physiological status of the animal and whether the animal is housed or free-grazing, a lso 

affect within -day variation in marker  concentration. Efforts to reduce diurnal variation 

have been based mainly on one or more of the foil owing :  increasing the frequency of 

Cr203 d osing (Pigden and Br i sson 1 956; Lambourne 1 957b) ; changing the form in 

which Cr20 3 is admin istered to slow its rate of passage th rough the digestive tract 

(Corbett et al. 1958; Pigden et al. 1964 ; Troelson 1966) ; increasing the frequency and 

chang ing  the t i m in g  of faecal  sa mp l i ng  ( Raymond and Minson 1955;  Lam bourne 

1957a ,b ;  Corbett  e t  a l .  1 958) ;  or d eveloping pred ictive equations which describe the 

natural  ci rcadian rhythm and the appearance of markers in  the faeces ( H opper e t  al .  

1978; N icoll and Sherington 1984) .  For exam ple, Brisson et a l .  ( 1957) demonstrated that 

diurnal variation could be largely eliminated if gelatin capsules were administered six 

t imes rather than once daily, a nd Corbett et al. ( 1 958, 1960) showed that twice daily 

drenching with Cr203-impregna ted paper (which slowed the rumen passage rate and 

increased the opportunity for mixing with the digesta) rather than with gelatin capsules 

reduced e rrors by a th i rd .  These and other sim ilar resu lts have led to an accepted 

rout ine  where Cr203- impregn a ted paper pel lets are drenched twice daily and rectal 

grab sam ples  a re obtained concurrently (Hodgson and  Rodriguez 1 97 1 ;  Le Du and 
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Pen n in g  1 982) . This  r ou tine  i nvolves considerable dis turbance of a n i mal  graz ing 

pat terns because, in addition to a 5 to 7 day pre-sampling period, drenching needs to be 

continued even on days when faecal samples are not required. D iurnal variation can be 

reduced by the continuous infusion of the marker from a pump mounted on the animal 's 

back (Siebert et al .  1978) but this is costly, affects grazing behaviour, and limits both the 

number of animals and the grazing a rea which can be used. In trials where animals a re 

receiving supplements, Cr2o3-mordanted feed can be used (Hopper et a l .  1978; Lobato 

e t  al .  1980) . Diurnal variation ( 10 -15%) still occurs, however, because the feed is not 

usua lly consumed uniformly across the day or in proportion to the ma in feed source 

(Kameoka et a l .  1956; H opper et  al .  1978). 

The above discussion indica tes that a method to continuously release a uniform amount 

of Cr203 (or other marker)  in to the rumen without daily drenching or back-moun ted 

pumps, would significan tly decrease d iurnal variation (Lambourne 1957b) , lessen the 

f requency of faecal sampling and reduce animal handling. The Laby in traru m ina l  

device (La by 1980) has  the  potential to fulfill these requirements. 

Development  of i n t rarumina l  chromium controlled release capsules: 1969- 1985 

The development  of in t ra ruminal  controlled release capsules (CRC) commenced in 

1969 when Dr R .  Laby of the Biotechnology Division of CSIRO (Australia) patented a 

variable-geometry slow release device for the control of bloat in cattle ( Ellis 1980; Laby 

1980 ) .  D ur ing t h e  1970 ' s ,  the  devices were eva lua ted as  a means  of delivering:  

magnesium for the control of grass tetany in cattle (La by 1980) ; iodine for prevention of 

goitre in sheep (Mason and Laby 1978);  monensin for growth st imula tion in cat tle 

(Watson and Laby 1978) ; and anthclmin tics for treatment of internal parasites in sheep 

(Anderson a n d  La by 1979;  A n derson e t  a l .  1980) . The release period of active 

ingredients varied from 30 days in the cattle bloa t capsule to a maximum of three to six 

years for the iodine capsule (La by 1980; Lehane 1982; Ellis and Coverdale 1982) . 

The p ro to type  C R C, a l so  referred to as  a control led release device (CR D ) ,  fo r  

delivering Cr203 into the rumen of sheep was described by Harrison et  a l .  ( 1981 ) .  The 

test capsules were custom-made from a plast ic syringe barrel into which a cast core 

matrix of Cr203 sucrose mono-stearate (50:50 w jw) was inserted (Figure 1 .1) .  This 

was foil owed by a plastic plunger and a compressed steel spring. The contents of the 

barrel were heat sealed into place with a rubber bung. A 9.53 mm orifice exposed the 

matrix to the rumen contents, forming a gel which was extruded through the force of the 

spring. In rumen-fistulated a nimals the capsules were suspended in the rumen by a 

nylon-filament attached to the cannula, but for intact animals this was substituted by a 

plastic strip which opened in to a T -configu ration to  retain the CRC i n  the rumen 



2 5  

(Figure 1 . 1 ) .  The matri..x was released from the prototype capsules i n  a n  almost l inear 

fashion over a period of 10 to 20 days (Harrison et a l .  1981) .  

j-+1 . s�j 
cm 

- nylon f i l ament 

rubber plug plastic  

chromi c oxide 
ma trix 

c m  

Figu re  1 . 1  Prototy pe and com mercia l  in t ra rumina l  chromium controlled release 

capsules. 

Ellis et  al . ( 1981)  reported three experiments in which CRC were evaluated in sheep. In 

experiment one, an average release of 0.36 g Cr203 /d over a period of 13.4 d to 15.1 d 

was achieved i n  rumen-fistula ted sheep. In experimen t  two, the coefficient of varia tion 

(CV) of CRC chromium i n  fa eces samples t aken a t  four  consecutive two-hourly 

interval s, f rom sheep fed lucerne pellets hourly, was 6.2%. This compared with a 20.1% 

CV where Cr203 had been admin istered by twice-daily dosing wi th gelatin capsules. 

Between-day varia tion in faecal chromium concentration for the methods was similar 

(CV = 16 vs 1 8 % ) .  In the thi rd  experimen t CRC were compared with twice-dai ly 

drenching of gelatin ea psules in grazing sheep (n = 3 per group). Between-day variation 

in chromium concentration in the faeces collected per rectum twice (daily from d 7 to d 

12 after administration of Cr203 ·commenced) was substantially lower in the sheep w ith 

CRC (CV = 26 vs 50%).  Ellis et a l .  ( 1981)  concluded from these experiments that CRC 

with reliable release characteristics could be made for sheep and that the more uniform 

delivery of Cr203 by CRC reduced the number of faecal sam ples which needed to be 

collected .  

9 .  Ocni. 
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I n  the following year Harrison e t  al .  ( 1982) reported that a linear release of Cr203 for 

up  to 20 d ( 1 1 1 mg Cr/d) was ach ieved with CRC in rumen-fistulated sheep. Chromic 

oxide for these ca psules had been f inely ground (94'/f; of the particles were < IO!im) 

prior to  forming the matrix. S teady state levels  of Cr2o3 in the faeces were reached 5-6 

days after  insertion of the capsule in  the rumen. 

The first deta i ls  of Cr203 CRC being used in grazing steers and rumen-fistula ted cows 

were publ ished by Ell is et a l .  ( 1982) ,  although the device was already being developed 

commercially to deliver monensin in cattle (Schlink and Ellis 1982) .  Chromic oxide was 

incorporated in a solid core mat rix. Plunger travel from d 2 to d 17 in CRC in rumen

fistulatcd cows was l inear (r2 > 0.99) and on average 13 .8% faste r than in in tact steers  

slaugh tered on d 15 .  Varia t ion in  plunger t ravel was  the  same i n  both groups ( CV = 

8.4%),  but the data from the rumen-fistula ted cows indica ted that 2-3% of this varia tion 

occurred during in i t ia t ion of mat rix extrusion from d 1 to d 3.  Weston et a l .  ( 1 983) used 

s imi lar  ca t t le Cr20 3 CRC to es t imate faecal output  of grazing an ima ls .  Ca psules  

conta in ing Cr EDTA and yt terb ium ni trate as  markers for digesta fl ow s tudies  were 

evalua ted by Hynd and Ell i s  ( 1 984 ) . The CV of marker release from these capsules was 

1 4% (including analysis and measurement error). 

Cattle chromium CRC were used by Bird et al. ( 19g4b ), with only moderate success, to 

estimate herbage intakes of steers grazed a t  two stocking rates. Overa ll 33 of the 40 

capsules provided useful data, but an irregular pattern of faecal marker concentration 

suggested that plunger t ravel may have been temporarily i nterrupted in some of the 

remaining CRC. The l ife of the CRC, as estimated by the time of marker disappearance 

from the faeces, ranged from 14 to 22 days (mean 16 .3 days) .  Herbage in takes based on 

sward faecal sampling were 5 to 28% lower than those derived from once-daily sampling 

of the faeces per rectum .  Thi s  was attributed to diurnal varia tion because chromium 

levels were significan tly d ifferen t  in  sward samples collected at  0900, 1400, 1700 and 

2 100 hours. 

Laby et a l .  ( 1 984) demonstra ted by two experiments that Cr203 release rate could be 

controlled by orifice diameter and mat rix composition, bu t  no data supporting the 

claimed third controlling factor (spring strength) were presented 1 . A linear ( r  > 0.997) 

p l u nger  travel  ra te  of 0 .787 t o  0 .797 m m /d was recorded in  C R C  recovered by 

slaughtering wether lambs grazing pasture. In an indoor trial, faecal output estimated 

from faeca l chromium concentration equalled actual faecal output measured by total 

collection from sheep offered one of four different supplements. Sampling for faeces 

1Laby ( 1986) subsequently a rgued that the passage of gas by osmosis into the barrel to 
rel ieve the vacuum formed as the ma t rix d imin ished was an important fac tor in 
maintaining a uniform release rate as the spring tension reduced. 
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commenced six days afte r C R C  adm inist ration. The authors concluded "Release rate 

was found to be independent of the diets u sed, the age of animals, whether they were 

penned or free-grazing, f istulated or in tact , dosed with one or th ree CRD's or whether 

the CRD's were . . .  [in sheep] . . .  tethered or un tethered . .. 

The use of sheep chromium CRC for measuring herbage in take in fallow deer ( Da ma 

dama ) ,  which are comparab le in  l iveweight t o  sheep (30-60 kg), was  reported by Kelly e t  

a l .  ( 1 9S5) .  Chromium rel ease ra te  was  der ived f rom p lunger d isplacemen t  of  CRC 

fi tted to  rumen -fis tu lat ed sheep grazed with the deer, bu t  because of .. technical reasons 

a ssocia ted with . . . .  pro totype c o n t inuous re l ease devices '' i t  was necessa ry to derive 

separa te chromium payou t s for days 0-lR ( 1 02 mg Cr/d) and days 18-35 (70.5 mg Cr/d ) .  

The C V  between capsules  i n  re l ease ra t e  was c. 1 4 Sl .  

N o  fu rther informa t ion h a d  been pub l i shed de scribing the applica t ion of chromium 

CRC when the curre n t  research project commenced in November 19X5. A t  t h i s  time 

there were s t i l l varying v i ews cnncerning optimum matrix composition ( 50 vs 65% 

Cr2 03 ) ,  me thod o f  matrix formatinn (cast core v s  compressed tablet ) ,  amount of ma trix 
( 3 . 0  cm vs 6 . 0  cm) and orifice diameter  (7 .00 mm vs 9 .00 m m )  for sheep capsu les . 
Except for the indoor trial reported by Laby e t  a l .  ( 19�4) ,  n o val ida tion of the accuracy 

wi th  wh ich CRC could be used t o  derive faecal output i n  grazing ani mals had been 

publ ished. Sim ilarly, data descr ibing the effects of feeding level , of changes in  the level 

of feed, and of d ifferen t  types of pasture, on CRC release rate cha racterist ics or pat tern 

of ch romium in the faeces were incom plete.  

Despite these gaps the CRC appea red to offer major advantages compared to  exist ing 

an imal -based techn iques for measur ing herbage in t ake  of g razing an imals .  These 

i ncluded reduced labour, less animal  handl ing, and the possibil ity of more flexible and 

less f requent faeca l sam pl ing,  a l l factors which could reduce costs  or  increase the 

number of an imals  on experiment .  

Commercial development  of intra ru mioal  CRC 

The l icencing rights to  commercial ly develop and sell world-wide CSIRO intra ruminal  

CRC technology for the release of a va rie ty of substances were purchased by Cap tee Pty 

Ltd. of Melbourne in 1984. Previously, similar techn ology for monensin delivery had 

been sold to Elanco, who developed the rumensin ant i-bloat capsule for cattle ( Elanco 

Products Co. ,  Austra l ia) . A Captec chromium CRC for  sheep with a 30 day delivery 

p e r i od became ava i l ab le  c o m merc ia l ly  i n  1 987 ( E i l i s  and  Rodden 1987 ) .  The  

specifications of t he  capsule included a 65% Cr2o3 matrix, 9.00 mm orifice and daily 

delivery of 123-1 50 mg Cr. A cattle chromium capsule w ith a multi -orifice endplate, 

65% Cr203 matrix ,  and a 20-22 day delivery of about 1 150 mg Cr/d was marketed by 
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Captec i n  late 1988. 

Est imat ing H erbage Digestibi l i ty 

Accu rate dete rminat ion of the digestibi l i ty of the herbage consumed by the animal i s  

important for deriving rel iable estima tes of herbage in take because t he  divisor of faecal 

output is ( lOO-digest ibil i ty;  see Equa tion 1 . 1 ) .  For example a standard error of 1.5 units 

of diges t ib i l i ty i s  only 2 %  of a mean digest ib i l i ty of 75%,  but is  6% of the mean 

i n diges t i b i l i ty of 25% ( H odgson and R od riguez 1 97 1 ) .  Feed d igest ib i l i ty can be 

est i mated d i rectly ( in v iv o )  by measuring feed i n take  and  faecal  ou tpu t  i n  i ndoor 

feeding t r i a l s  us ing he rbage from the outdoor exper i menta l  a rea . A mea surement  

period of  10 days follow ing a prel iminary adaption period of s imi lar length is usually 

adop ted ( D u l phy and Demarq u i l ly  1 983 ) .  However ,  t hese e s t i ma tes  may n ot be 

appl icable to f ield grazing beca use feed is  mechan ica l ly h a rvested,  opportunity for 

animals to select herbage is  modif ied, and the pattern and level of herbage consumption 

is  changed ( Meijs 1981 ) .  H igh costs for labour and equipmen t are a lso disadvantages of 

th i s  m e t h o d .  I nd i r ec t  m e t h ods  of e s t i m a t ing  d iges t i b i l i ty h ave therefore been 

developed . 

Marker-rat io techn iques are based on the concentra t ion of a completely indigestible 

i nd i ca tor  in both feed and  faeces ( Barn icoat  1945; Kobt  and Luckcy 1972) . The 

apparent  digestiblity of the feed (Da) is equal to; 

Da = 1- (marker in feed/marker in  faeces) 

I nd i ca tors w h i ch  occur  n a t u ra l ly in the d ie t  i n clude l ign i n ,  ch romogens and  acid 

insoluble ash ( Meijs 198 1 ;  Fahey and Jung 1983 ) .  External markers a re the same as  

those which a re used for  est imat ing  faecal output.  The ratio technique has not been 

widely adop ted ,  m a i n ly becau se of problems a ssoc ia ted w i th  the  c ol lection of a 

representa tive sample from the grazed sward, and incomplete recovery of the indica tor 

(Langlands 1975) .  

Faecal-index techniques involve the prediction of digestibili ty from the composi tion of 

the faeces. A regression equation describing the relationship between d igestibility and 

the faecal ind icator, developed from a series of indoor tr ia ls, is used to predict the 

d iges t ib i l i ty of h erbage consumed at grazing ( La nglands 1975 ) .  Accuracy can be 

improved by including more than one indicator in the regression (Bi rd et  a l .  1984b). 

Substances used as  faecal indices include chromogens, methoxyl, macerate crude fibre 

and normal acid f ibre but the m ost  widely used has  been nitrogen (Langlands 1975; 

Meijs  1981 ) .  More recent interest has centred on the use of rare earths  (Krysl et al. 
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1988 ) .  The faeca l - i n d ex tec h n i q u e  i s  s u bj e c t  t o  e rr o r  becau se the regress ion 

re lat ionships may n ot be d i rectly a p pl icable to  ou tdoor  grazing,  a re dependent  on 

representative sampling of the faeces, and may change between seasons, level of  feed 

i n take,  herbage a l lowance and  an ima l  species (Coop and H il l  1962; Langlands 1975; 

Meijs 19R 1 ) .  Labour requirements and costs to  complete the in vivo t rials are high and 

there may be d ifficult ies in harvesting herbage similar to  that selected by the animal if 

herbage availabil i ty on the grazed a rea is low .  

Sward characteris tics, such as  the avai labi l i ty of pasture and the proportion of  green 

materia l ,  were used by B ird et a l .  ( 1984b) to predict  d igest ibi l i ty .  This information can 

be readi ly  col lected in g razing t r ia l s  bu t a ppropr ia te rela t ion sh i ps between swa rd 

components must first be defined by in vitro or in vivo analysis of sward samples. 

Animals fistula ted in the oesophagus or rumen have become widely used for collecting 

samples (extrusa) from grazed swards which a re then tested in an in vi tro d igestibil i ty 

procedure or with the ra t io  technique (Holcheck e t  a l .  1982) .  Surgical prepara t ion of 

an imals  is re l a t ively s tra igh t -forwa rd a nd fa t a l i t ies are uncommon (Torrell  1 954; 

McManus et a l .  1962; Godwin and Chaffey 1985) . The use of ru men-fistulated sheep is 

less popular because rumen evacua t i on is labour in tensive and un pleasant, there is 

considerable poten tial for sample contaminat ion and large animals a re required (Van 

Dyne and Tor reil 1 964 ) .  On the o ther  hand ,  s am ples  f rom t ra ined oesophageal

fistulated sheep can be read i ly collected in the field over a period of 5 to  30 minutes and 

from a wide range of sward conditions ( Hodgson and R odriguez 1 97 1 ) .  Contamination 

of oesophageal ext rusa with rumen contents can be avoided by plugging the oesophagus, 

avoiding collections at t imes when animals  a re usually ruminat ing, or min imising the 

dura t i on of the col lect ion per iod ( Holcheck et al .  1982) . Austra l ian  evidence tha t  

graz ing  behav i o u r  and  t h e refore ex t r u s a  c o m posi t i on wa s d ependent  on  p r io r  

experience on  a swa rd (Langlands 1967) was  not  confirmed i n  B ritain ( Hodgson and 

Rodriguez 197 1 ) ,  but this may be dependent on the level of sward variability .  Coates et 

a l .  ( 1987) suggested that extrusa collected � from ca ttle was not representative of 

the herbage grazed by resident animals as assessed by the faecal carbon isotope ratio 

technique. H owever, collections were made after an overnight fast and sward samples 

for  resident a n imal  intake were based on hand-plucked sam ples.  Age, breed or  sex 

d ifferences w i th in  a species a re  n o t  a n  i m por tan t  source of va riat ion in extrusa 

composition (Langlands 1967; Le Du and Baker 1981 ) .  Langlands ( 1975) recommended 

that saliva contamination of extrusa, which is related to the DM content of the herbage 

consumed and the rate of herbage intake, be corrected for by separating the solid and 

l iquid f ra ct ions .  H owever, Armstrong et  a l .  ( 1989) foun d  insuff ic ien t evidence to  

advocate correction for  saliva, a l th ough the p resence of  saliva did increase digestibi l i ty 

values slightly i n  a non-linear manner. I t  is therefore p rudent t o  sample a t  times during 
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the day when saliva production is low (Armstrong e t  a l .  1989) .  Sampling times should be 

adjusted to ensure that changes in sward conditions through t ime, which a re grea ter 

under rotational grazing, a re accoun ted for (Hodgson and Rodriguez 197 1 ;  Hamil ton et 

al. 1973 ) .  This is also i m portant  u n der  condi t ions of continuous grazing if the plant 

communities grazed d uring the day change (e.g. grazing up a slope on hill pastures) .  

Betwee n - a n i m a l  va r i a t i on ,  poten t ia lly the l a rgest  sou rce of e rror  in col lect ing 

representa tive extrusa sam ples, can be reduced by increasing the number of fistulated 

an ima l s  or col lec t i ng  sa m ples f r o m  the same f i s tu la ted a n i mals over a series of 

trea tmen ts ( H odgson and  R od riguez 197 1 ) .  An added advan tage of oesophagea l 

fistulated an imals is tha t  extrusa can be subjected to botanical composition (B i rcham 

198 1) and further chemical analysis. 

Hand-plucking herbage to obtain samples comparable to that observed to be consumed 

by the t rial animals is a simple method of obtaining herbage for in vitro d igestibility 

analysis. I f  rotational grazing is practiced herbage can be plucked from an cxclosure 

cage ,  f i t t e d  p r i o r  t o  g ra z i n g ,  t o  re prese n t  pos t -g razing swa rd cond i t ions .  An  

apprecia t ion of the  com posi t ion of  the  herbage consumed can  be  obtained by th i s  

approach (Waiters and  Evans 1979) .  Manual collection of sam ples, which can provide 

simila r estima tes of herbage digestibility to those obtained from fistulated animals (Le 

Du and Baker 1981) ,  is most reliable when there is a high proportion of green material 

in the sward and moderate to high grazing pressure is being exerted. The technique may 

be more accurate with cattle because they a re less selective grazers than sheep (Bird et 

al. 1984b) . 

In vitro digestibility laboratory analyses a re based mainly on rumen-fluid (Tilley and 

Terry 1963) , pepsin-cel lulase ( Jones and Hayward 1973) or N DF (neutral detergent 

f ibre)-cel lu lase assays ( R oughan and  Holland 1977 ) .  However ,  because unknown 

samples a re calibrated against standards of 'known' in v ivo d igestibility, precision i s  

dependent on how accura tely the  standards have been established (McLeod and Minson 

1976; Minson and  B u tler 1983) .  An  in v itro d igestibil i ty a ssay is acceptable if the 

residual standard devia tion of the estimate of in vivo digestibilty is no greater than ± 2.5 

units (Roughan and Holland 1977 ) .  Compa risons of the techniques indicate that  each 

method yields s imi lar  results (e .g .  Omed et  a l .  1989) ,  a l though Givens et al. ( 1989) 

sugges ted tha t  in vivo diges t ib i l i ty could be p redic ted m ore accura tely by using a 

combination of in vitro methods. Other methods of predicting d igestibility are rumina! 

incuba t ion in  nylon bags ( i .e .  i n  situ ; Playne et a l .  1978) and infrared spectroscopy 

(Holcheck et al. 1982) .  



3 1  

Langlands ( 1 967) c la imed tha t the precision of the 'fistula technique' for estimating 

herbage d iges t ib i l i ty was l ow, with standard dev ia t ions of ± 1 . 6  d igest ibi li ty  units  

between sheep, ± 1 .3 units  between days and ± 2.7 units  for the combined sheep x day 

interaction and error term. Subsequent research suggested most of this error could be 

a t t r ibuted to processing of the  sam ples and  the in vi tro assay (Langlands 1975 ) .  

However, Hodgson and Rod riguez ( 197 1 )  demonstrated that  the in vitro d igestibility of 

extrusa was al most identical to the in vivo digestibil ity of the diet determined on the 

same animals.  The in vitro assay was again identified as the largest potential source of 

error. 

Sum mary :Accu racy of M ea su rement  Techniques  for Est ima t ing  Faeca l  Output  

and  H erbage In take  

The suitability of a technique for estimating herbage intake can be evaluated in terms of 

four  cr i ter ia : accuracy,  r isk  of b ias ,  conven ience of applica t ion and the range of 

cond i t ions  to  which  t he tech n ique can be a p pl ied  ( H odgson 1 986 ) .  The swa rd 

difference approach is simple to apply under a wide range of sward conditions but is 

subject to considerable errors a ssociated with estimating pre- and post-grazing herbage 

mass. Geenty and Sykes ( 1986) found that group intakes estimated by the disappearance 

of DM from the sward over grazing intervals  of 3 to 4 days were 28-40% lower than the 

values obta ined by chromic oxide di lut ion . S imi la rly, Ulyatt et al. ( 1 974) found that 

intakes were 40% lower with the difference technique than estimates of intake made 

from the total collect ion of faeces and herbage in v i tro digestibi l i ty .  Sward t issue

turnover studies a re expen sive and only provide group mean est imates of doubtful 

accuracy under a limited range of condit ions.  Water- turnover estimates of herbage 

intake are very difficult  to obtain under outdoor grazing conditions because respiratory 

losses of w a ter are h ighly dependent on a i r  temperature and hu midity, which can 

fluctuate widely over a 24 hour period . Feed intakes based on Iiveweight changes and 

grazing behaviour  a re more a ccura te and  easier to obtain with m odern sensit ive 

electronic monitors (Penning et al .  1984; Penning and Hooper 1985) , but are prone to 

error because animal grazing behaviour is highly variable between days and between 

an ima l s .  N evertheless ,  the  q u a n t i t a t ive da ta  descr ib ing  graz ing behavi o u r  a n d  

production responses are important for understanding the pasture-animal interface and 

for designing improved grazing management systems.  Total collection of faeces is 

i mpract ica l  for  m a ny exper iments  and, because of the  effects  of the  co l lect ion  

equipment on animal behaviour, yields results of questionable accuracy, particularly if 

the animals  have received inadequate prior t ra in ing with the collection harnesses and 

bags (Hutchinson 1 959) . At p resent the most readi ly applied, adaptable and accurate 

technique for measuring herbage intakes is the indirect estimation of faecal output 

using an indigestible marker and an associated in yitro assessment of feed digestibility. 
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Chromic  ox ide i s  t h e  mos t  ex ten sively va l ida ted a n d  widely used faecal marker .  

Procedu res  to  mini mise poten tial  sources of  b ias  associa ted with i ts  use and factors 

con tributing to  reduced accuracy are well documented, as  discussed previously. 

Hodgson and Rodriguez ( 197 1 )  recorded coefficien t s  of variat ion of estima tes of faecal 

output and feed intake in grazing animals that ranged from 5 to 13% using oesophageal

fistu la ted animals and twice-da ily drenching with Cr2o 3. Comparable values for feed 

intake ranged from 2 .5 to  8 1 %  (mean 16.4%)  for a large number of indoor f eeding trials 

reviewed by H eaney et a l .  ( 1 968) .  Values for indoor t r ia l s  at the H u rley Grassland 

Research I n s ti tute were 3- 1 6% for faecal output and 9-22% for feed in take (Hodgson 

and Rodriguez 197 1  ) . Random errors associa ted with twice-daily drenching of chromic 

ox ide for predicting faecal output  can be reduced to a CV of about 7 %  if sward ring 

sa mpl ing  i s  adopted ( M ei j s  198 1 ) ,  but a re 3 - 5  percen t age un i t s  h igher with grab 

sampling (Coop and Hill 1962; Meijs 198 1) .  Corben et a l .  ( 1978)  and Bird et al . ( 1984b) 

estimated that  feed in take in grazing animals could be estima ted with a CV of 15-20% 

by indirect measurement using Cr2 03. 

In the indoor feed ing trial of Laby e t  al .  ( 1984) the faecal output of sheep fitted with 

CRC was  e s t ima ted  w i t h  a CV of 4%, a l t hough samp l i ng  e r rors  were proba b ly  

min imi sed by  sub-sa m pl ing  from pooled t ota l  col lec t ions  of  faeces for  individua l  

an ima l s .  Errors associated with determining herbage ind igestibi l i ty (CV > 5%) a re 

independent if oesophageal-fistulated animals are used. The potential minimum CV of 

es t imat ing feed i n take using C R C  is therefore c. 7 % .  Under these condi t ions  the  

minimum number  of animals per  group requ ired to detect a 1 0% differences in feed 

intake a t  P < 0 . 1  is 5 (Cruickshank e t  al. 1987). 

In conclusion ,  the most a ppropriate techn ique for determining herbage intakes in 

pregnant  a nd lacta t i ng ewes under cont inuous grazing is  estimation of faecal output 

from the concentration of faecal chromic oxide delivered by intraruminal CRC and in 

Y.i.1rQ est imates of the diges t ibi l i ty of ext rusa collected from oesophageal-fistulated 

animals grazed with the ewes. However, wh ile the potent ial of CRC is apparent from 

prel imina ry tr ials  in Austral ia ,  val idat ion s tudies are incomplete and no evaluations  

have been conducted under  New Zealand pastoral conditions. A series of validation 

experiments a re therefore necessary before applied field studies can commence. 
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PURPOSE AND SCOPE OF THE INVESTIGATION 

The init ial objectives of this study were threefold :  

1 .  To validate the  use of CRC for  measuring feed intakes of sheep under New Zealand 

pastoral conditions. 

2. To use CRC to  examine the relationships between pasture avai labil ity, herbage 

intake and productivity in ewes of different pregnancy status and rearing rank .  

3 .  To  design , using models incorporating the relationships defined by studies under (2) 

above, improved grazing management systems for the ewe d uring late pregnancy 

and lactation. 

At the time the project commenced i t  appeared from the published literature and non

published reports of further CRC validation studies funded by Captec (Austral ia) Ltd 

tha t  the  in t ra r u m in a l  ca psu le  technology was near  to commercial  release. It was 

therefore anticipated that objective ( 1 )  could be achieved relatively quickly .  However, 

this proved not to be the case and considerably more effort was devoted to developing 

appropriate methods for CRC use in sheep .  Consequen tly, fewer a pplied studies were 

conducted and the third objective received less attention. 

An early aspect of the research programme was the validation of an assay to provide for 

the consistent and p referably complete recovery of chromium from the faeces. This is 

an essential prerequisite to the indirect estimation of faecal output when Cr203 is  used. 

The experiments conducted to validate the assay a re described in Chapter Two. At the 

same time the initial indoor feeding trials investigating the effect of feed type and level 

of feeding on CRC containing a 6.0 cm of 50% Cr203 pressed tablet matrix commenced. 

These experiments a re reported in  Chapter Three. Although the specifications of the 

CRC used in the first two experiments were later to be substantially changed, the results 

provided importan t  information for the a ppl icat ion of c apsules in the first grazing 

experiments with CRC in sheep (Chapter Four) . Ram lambs were fitted with faecal 

collection bags and, with the exception of one group, each sheep was dosed with a single 

6 .0 c m  65% C r2o 3 pressed t ab le t  ma t r ix CRC.  The rams were exposed to  three 

contrasting grazing regimens which represented the range of conditions under which 

CRC were l ikely to be eventually used in New Zea land.  The grazing treatments were 

compared in terms of their effect on CRC plunger travel rate, chromium recovery and 

diurnal variation of chromium in the faeces. One finding of this study was that the 

intraruminal capsules appeared to depress voluntary herbage intake. Two further 

exper imen ts, one conducted indoors using a relatively homogeneous feed (lucerne 

chaff) , and the other outdoors on spring pastures, were undertaken to further assess the 

effect of CRC with different wing configurations on voluntary feed intake. These 



3 4  

experiments, reported i n  Chapter Five, demons
.
t ra ted that the stiffer wing configuration 

of the capsu les  u sed in  the f i rst  t h ree ex per iments  was probably responsible for 

depressing voluntary herbage intakes, as this response was not measured in  sheep fit ted 

with CRC having a more flexible and less pointed wing structure. 

A second finding from the i n i tia l  grazing trial was that recovery of chromium from the 

faeces was influenced by the leve l of feed intake. The effects of la rge changes in feed 

i n t ake  of two con t ras t ing  feeds on the recovery of faecal chromium and the rate of 

chromium release from CRC was therefore invest igated using rumen-fistu lated wethers 

hou sed i n d oors  ( Ch a p t e r  Seven ) .  The capsu les  u sed in  this experimen t ,  with the 

exce pt ion of their wing st ructure, were iden t ical to those la ter released commercially 

(i .e. a 3.0 cm pressed tablet ma t rix of 65% Cr2 o3 extruded through a 9.00 mm orifice ) .  

The accu rate determina t ion of the rate a t  wh ich Cr2o3 i s  re leased from CRC i s  crit ical 

to t h e i r  successfu l  a pp l i ca t i on i n  f ie ld  t r i a l s .  A ser ies  of t h ree ser ia l  s l augh ter  

experi men ts, us i ng  ewes fit ted wi th  differen t types of CRC ( i .e . with 3 .0  or 6 . 0  cm of 

65% Cr203 ma tr ix a n d  9 .00 m m  orifice s ) ,  were t he refore conduc ted to  ascer ta in  

whether the ra te of plunger t ravel in  intact sheep was the same as that  wh ich was more 

readily recorded in rumen -fistula ted animals .  These experimen ts, reported in Chapters 

Six and Eight, ind icated tha t  the rate of mat rix release was 8-12L/i:. slower in  the rumen

f i s tu l a ted  a n i m a l s .  An a l t e r n a t ive  m ea n s  of e s t ima t ing Cr2 03 re lease ra te ,  by 

dete r m i n ing  t h e  e n d p oi n t  of ch romi u m  re lease  f rom t he  pa t te rn  of c h r o m i u m  

disappearance f rom t h e  faeces, was therefore used i n  later experiments t o  supplement 

data from rumen-fistu la ted  sheep. Obviously this was not necessa ry for trials where 

plunger  travel cou ld be measu red d i rect ly from CRC recovered by slaughte r .  The 

s laughter  expe r i m e n t s  a l so  enab led the effect  of changes in feedi ng level d u ring 

pastoral g razing on CRC chromium release rates to be quantified. 

Ult imately, the adop t ion of CRC for ruminant  n utrition studies is dependent on the 

accuracy with which feed intake can be predicted. The validation experiments described 

above provided some indicat ion of this aspect of CRC u sage but ,  because capsule  

technology was being updated during this period and some of the experimental designs 

were subsequently found t o  compromise the pattern of chromium appearance in the 

faeces, a separate field study was conducted to compare faecal outputs predicted from 

faeca l  c h r o m i u m  concen t ra t ion  w i th  those measured by t o t a l  col lection. This 

experiment included an evaluation of the accuracy of faecal sampling methods, either 

directly from animals per rectum or indirectly from marked sites on the sward, for 

predicting the average faecal output of groups of animals. The details of this experiment 

are presented in Chapter Nine. 
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O n  the  bas i s  of the  a lmos t  l inear  re lease of Cr2 03 f rom CRC i n  the  f i rst  three 

validation experiments  and results obtained by Australian researchers, a pilot study of 

the appl ication of CRC in ewes from mid-pregnancy to weaning was conducted in the 

first year of the project. This study, reported in Chapter Ten, provided measurements of 

the relat ive herbage intakes of single- and twin -bearing/rearing ewes when grazed 

toge t h er d u ri ng pregna n cy a nd l a c t a t i o n .  A l t hough the  s u b sequen t  v a l i d a t ion 

experiments indicated that a more efficient faecal and pasture sampling regimen could 

have been implemented, the results later provided guidelines for a detailed nine-week 

study of the effect of continuous grazing at d ifferent but fixed sward heights on herbage 

intake and productive performance of single- and twin-bea ring ewes during lactat ion .  

The results o f  th is  experi ment ,  and  their  p ractical applicat ion to  commercial sheep 

farms, are discussed in Chapter Eleven . 

The experiments conducted during this research programme provided information on 

how CRC can be man aged to ensure reliable es t imates of feed intakes of sheep at  

pasture,  and ident ified some of the l imi ta t ions of con trolled release technology for 

chromic oxide. These aspects, and areas which require fu rther research ,  a re outlined in 

the concluding chapter. 



3 6  

CHAPTER TWO 

VALIDATION OF AN ASSAY FOR THE ANALYSIS OF 

FAECAL CHROMIUM CONCENTRATION 

I NTRO D U CT I O N  

I ndirect est imation of faecal output,  using chromium a s  the i ndigestible marker, i s  dependent 

on consistent accuracy in the measurement of chromium concentrat ion in  sam ples of faeces 

(Kobt and Luckey 1 972) .  The use of chromium cont rolled release capsules ( CRC) in ruminants 

poses two new problems wi th  respect to the assay of chrom ium .  First, the concentrat ion of 
chromium in the faeces is lower than for other methods of Cr20 3 admin is t rat ion.  Second, 

reduced a n ima l-handl ing and labour requ i rements al low the number of experimental animals 

and the nu mber  of samples to  be i nc reased. An assay wh ich provides for cons i stently h igh 

recoveries ( 100 ± 2%) of chromium at rel at ively low concen trat ions (0 . 1 -0.5 mg Cr/g OM) in 

large numbers of faecal sa mples is therefore required. 

Insolubi l i ty of Cr2 03, wh ich  makes  i t  an  effect ive marker  i n  feed in take  and digest ib i l i ty 

studies, a l so makes i t s  recovery from faeces diff icu l t .  Faecal sa m ples generally need to be 
subjected to a digest ion process to convert insoluble Cr203 (Cr I l l )  to a soluble form (Cr V I ) .  

In an ima l  nu t ri t ion  studies t h e  d igest ion reagents  used general ly fa l l  into three categories: 

perchloric acid ( e .g .  Fenton and Fenton 1979) ; phosphoric ac id with potassium bromate (e .g .  

Christian and Coup 1954; Will iams et a l .  1962) ;  and fusion of the sample with sodium hydroxide 

and su l phu ric acid (e.g. Fisher et al. 1972) . Ni tric acid has also been used as a d igestion reagent 

(Robinson et a l .  1986) ,  bu t recoveries of chromium by this method can be low (M ir et a l .  1 989). 

The a l terna t ive to  chemica l  d igest i on methods i s  X- ray f luorescence spectrometry (XRFS) 

determinat ion  of chrom ium ,  wh ich gives chromium concentra t ion d i rectly f rom raw faecal 

material ( Lazar and Manson 1965; Evans et a l .  1977) .  

Digest ion wi th  perch lor i c  ac id  i s  n ot favoured when prepar ing large nu mbers of samples 

because of the danger of explosion ( Fisher et a l .  1972).  In  addi t ion ,  Williams et a l .  ( 1962) found 

that potassium perchlorate solut ions  did not spray satisfactorily for atomic absorption analysis. 

The sodium hydroxide-sulphuric acid fusion method described by Fisher e t  al .  ( 1972) is slow, 

rela t ively expensive and  may result  i n  in terfering ions from the crucible being brought into 

solut ion (Stevenson and de Langen 1960; Lee et al .  1986) . For these reasons modified processes 

of digest ion,  originally described by Christian and Coup ( 1954), using a phosphoric-manganese 

acid mix w i t h  potassium broma te  h ave general ly been favoured when a tomic a bsorption 

spectrophotometry is u sed for chromium determination. 

Some a uthors indicate that the phosphoric-manganese-potassium bromate oxidation of chromic 
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oxide i s  sen s i t ive t o  tempera ture .  A t  low hot  p la te tempe ra t u res ( < 170°C) oxidat ion is 

i n comple te and a t  h igh t e m p e r a t u res ( > 270° C) the oxi d is ing power of the  sol u t i on is 

d im in ished and the reac t ion reverses (Christ ian and Coup 1954; Aggett  and O'Brien 198 1 ;  

Costigan and  El l i s  1987 ) .  H owever, Wi l l i ams e t  a l .  ( 1962) specified no  temperatures in the 

descr i p t ion  of t h e i r  me t h od ,  a n d  Le Du and  Pen n i ng ( 1982 ) reco mmended  h o t  p l a te  

temperatures of 280-290°C. S im i larly, heating t imes during digestion range from 5-7 m inutes 

for the entire d igestion (Will iams et al .  1962) to several hours (Costigan and Ellis 1987 ) .  

Methods of determination of chromium in  solut ion include titrat ion ( Christian and Coup 1954 ;  

Fisher e t  a l .  1 972) ,  colour imet ry ( Stevenson a n d  Clare 1963; Math ieson 1970; Fenton and 

Fen ton 1979), atomic absorption spectrophotomet ry (AA) (Will iams et  a l .  196 1 ;  Costigan and 

El l is  1987) and inductively coupled plasma emission spect rometry ( ICPES) ( Lee et a l .  1986) . 

Titrat ion and colourimetry a re less sui ted to the low faecal chromium concentrations (4 .0-20 .00 

.ug/ml) associated with the use of chromium capsules (Feldman et a l .  1967 ) .  These a re 10-25% 

of the concentra t ions ach ieved by administering chromium in the form of Cr203-impregnated 

paper (Raymond and Minson 1955) ,  gelat in capsules ( Pigden and Brisson 1956) or mordanted 

feed ( Loba to  et  a l .  1980 ) .  AA and I CPES both  offer h igh sen s i t iv i ty to low chromium 

concentration ( < 1 .0 .ug/ml)  and ease of sample preparat ion (Will iams et a l .  1962; Fisher and 

Lee 1982) .  

The main d isadvan tage of AA is inter-element interference. These effects may be enhancing 

(Cu, AI, Mg and Ca), depressive ( Na, K, Zn and Sr) or selective (Fe) (Yanagisawa et al. 1970; 

Thompson 1978;  Aggett and O'Brien 1981 ; Lee et al. 1986) .  They are sign ificantly greater in 

a i r - acety lene t h a n  in  n i t r o u s  ox ide -acety lene f la mes ,  p r i m a r i l y  bec a u se of the h igher  

temperature of the  latter. Thompson ( 1 978) and Lee et a l .  ( 1986) demonstrated that changes in 

chromium-oxidation state during em ission into the flame could lead to incorrect determinations 

because the rel a t ionsh ip  between absorbance and chromium concentrat ion was non-l inear.  

This was less n ot iceable when a n i t rous -oxide fla me was used. The effects of interference, 

particu larly with a i r-acetylene flames, can be suppressed by adding buffering sol utions to the 

digest (Will iams et a l .  1962; Thompson 1978), and by using lean flame conditions, a l th ough this 

reduces sensit iv ity (Aggett and O'Brien 1981a,b) . Alternatively, the standards can be made up 

by using blank faecal material obtained from the same source as the analyte (Stevenson and de 

Langen 1960; Costigan and Ellis 1987) 

AA chromium determinat ion i s  sensitive to instrument settings, particularly burner height .  For 

ni trous oxide a red feather  of 10  mm in  a non- luminous  flame, with the l ight  path centred 

between 3 .5  a n d  8 .0  m m  a b ove t he bu rner  s lot  (depending on the  i n st ru m e n t  type)  i s  

recommended (Yanagisawa et  a l .  1970; Thompson 1978;  Lee e t  a l .  1986) . The difficulty of 

reproducing flame conditions between batches is therefore a potential source of error (Lee et 

al.  1986) . This may be minimised by preparing comm on between-batch samples for analysis, 
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and by not a l tering instrument settings between runs. 

I CPES, which does not require oxida tion of Cr ( I l l )  to Cr (VI ) ,  offers re la t ive freedom from 

chemica l  i n te rferences,  high sensi t iv i ty ,  min imum sample  prepa ra t ion ,  h igh between -batch 

repea tab i l i ty ,  and the  opportu n i ty to  take mu l ti -e lement  measurements  ( Lee et a l .  1 986 ) .  

However i t  i s  considerably more expensive than other techniques and therefore not wel l suited 

to the analysis of very large numbers of sa mples. The same comments apply to XRFS chromium 

determinat ion. An addit ional factor is that AA equipment is read ily ava ilable in most nut rition 

labora tories whereas ICPES and XRFS, because of their g reater capital cost, a rc usually less 

accessible. 

Lee cl a l .  ( 1 986) , after comparing four methods of chromium dete rmina tion, concluded that 

obta ining good precision in Cr2o3 recovery in biological samples was difficu lt because of the 

potential sources of e rror discussed a bove.  For the purposes of this study it  was considered that 

a phospho ric -ma nganese m ix w i th  potassiu m bromate as a d igest  and AA de te rminat ion 

provided the best means of measuring faecal chromium, pa rticula rly given the large nu mber of 

sa m ples to  be ana lysed . This chapter  describes the esta bl ishment and va l idat ion of such an 

assay . 

DES C R I P T I O N  O F  T H E  A S S A Y  M ET H O D  

The procedures described by Wil l iams  et  a l .  ( 1962) , Le Du and Penning ( 1 982) and Costigan 

and Ellis ( 1987) for measuring faecal  chromium were used as a basis to develop a chromium 

assay su i table for the equipment and facil ities available a t  Massey Un iversity . After  carrying 

out the valid at ion experiments described in this Chapter a modified assay, described in detail 

below, was developed. 

1 .  Approximately 1 .0 g of previ ously oven -dried faeces was weighed into 30 ml pyrex low 

form beakers and oven dried at I00°C until a constant weight was achieved (3-4 hours) .  

The faeces were then reweighed before being placed in a furnace (Eurotherm, McGregor 

Ltd, Auckland) for overnight ( 12 hours) ashing at 550°C. If the ash percentage of the 

sam ple was required, the ash weight was recorded after cooling in a desicca ting chamber. 

2. An aluminium block (600 m m  long x 300 mm wide x 140 mm deep), drilled to a depth of 

12.5 m m  for individual placement of 60 beakers, was preheated to a temperature of 145-

1500C at  the centre. Tem peratures were maintained at ± 2% of the set reading using an  

Omron control unit (Tateisi Electronics Co, Osaka) .  The temperature gradient from the 

centre of the block to the outside beakers was 7°C.  Six (6) ml of the phosphoric acid

manganese mixture (30 ml of 10% (w jv) MnS04AH20 solution in 1 I of 85% phosphoric 

ac id)  was added from a d ispenser (Wi teg, West Germany) to the faecal ash ,  gently
. 
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swirled and the beakers placed in the aluminium block wi th a heat proof glass cover unt i  

the d igest tempera tu re reached 135- 145°C (c .  20 m inu tes) . This ensured good d ispersiOI 

of the ash material ,  which was usual ly still in pellet form after ashing (see below) . Th< 

beakers were then removed and the d igest cooled to less than 100°C before adding 3.5 m 

of potass ium broma te (4 .5% wjv )  and rehea t ing under the glass cover unti l  the diges 

temperature was 195-2 10°C. lt was subsequently found that the rat io of d igest ion agen t: 

recommended by Wil l iams e t  a l .  ( 1962) - 4ml of acid m ix and 6 ml of potassiu m  bromate 

gave higher recoveries and better agreement  between dupl icates (Kassano 1 989) .  Th< 

d igest wa s then cooled a nd 1 0 - 1 5  ml of hot (60-70°C) d i s t i l led wa te r  was added t< 

preven t  gel forma t ion  ( S tevenson and de  La ngen 196 1 ) .  The beake r  contents  wen 

quan t i t a t ive ly t ra n sfe rred to a 50 m l  v olume t ric f l a sk  a nd made up t o  vo lume w i t �  

dist i l led wa te r .  This was m ixed thoroughly by inversion and  al lowed 10 stand for  a t  leas· 

6 hours before 1 0  ml a l iquots were poured off in to  25 ml  polysty rene storage pots 

Al ternat ively, the fin al  d igest could be f i l tered d i rectly th rough one sheet of Whatmar 

N o. 54 1 f i l ter  paper .  

3 .  A l iquots  werc genera l ly ana lysed by AA w ith in  48 hours of preparat ion ,  a l though th< 

d igest was found to store well for several weeks. Five standa rds (0, :2 .5, 5.0, 10 .0  and 20. (  

,ugjml )  were pre pared for the 357 .9 nm wave leng th measurements and five (0, 10 .0. 20 

50 .0 and 1 00 ,Llg/ml) for the 428 n m  waveleng t h measurements)  from the blank faeca 

mate r ia l  col lected f rom sheep grazing t he sa me  s i te  as the  tes t  an ima l s .  The blan l  

ma te r ia l  was t rea ted  i n  an  iden t ical  manne r  un t i l  the com ple t ion of d igestion wher  

appropriate v olumes of  1 mg/ml Cr (2.8285 g K2Cr2o7 per l i tre of dist i l led water) wen 

a d d e d  t o  t h e  d i g e s t  p r i o r  t o  m a k i n g  u p  t o  v o l u m e  i n  50 m l  v o l u m e t r ic f l a sks  

Al terna t ively ,  where  n o  faeca l a sh  ma te r i a l  was  ava i l ab le ,  m u l t i -c lemen t  s tanda rd:  

including chromium (Ill ) ni t ra te (BDH Chemicals Ltd) were u sed. 

Pool samples of f aecal  m a ter ia l ,  collected from a n i ma ls  f i t ted w i th chromium CRC, wen 

assayed in duplicate wi th each batch to monitor between-ba tch variation. 

Samples were read on a 1 982 IL  457 AA ( Instrumentat ion Laboratory Inc ., Massachussetts 

U.S.A .) with a single slot burner head. The lamp current was 6 mA, the bandpass 0.5 nm an< 

the flame produced was luminous with a 10 mm red core. Machine settings between runs wen 

checked by a comm on work ing s tandard and wi th in - run mach ine  d rift was m onitored b) 

aspirating a work ing standard every 10-20 readings. Sam ples with a RSD > 5% were reread .  

I n i t i a l ly ,  de t e r m i n a t i o n s  d u ri ng  v a l i d a t i o n  w e r e  made us ing  an  a i r -acetylene f lame 

Subsequently, a N2 0-acetylenc flame was u sed, prima rily becau se of  the  reduced potential f o 

interference by other ions in the d igest sol ution. 
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The recovery of added chromium was calculated by the formula :  

Recovery (%) = Chromium recovered (m2/�) x.J.QQ 

Chromium expected (mg/g) 1 

where chromium recovered was calculated as the product of concentra tion of Cr i n  the faeces 

(pg/g DM)  and dry matter output  per sheep (g D M /d)  

For  spiked chromium samples, chromium expected ( mg/g) was calcula ted as :  

(.L1:2Q3added (m�) x 0.6843) 
Faeca l sample DM ( g )  

For CRC-rcleascd ch romium. chromium expected (y :mg Cr /d ) was calcula ted by the formula :  
- 1t' 2 � · . y - r . o . I . l .J .  

where r = radius  of the chro mium tablets ( 0.7 cm)  

= l ineal densi ty of chromium tab le t  (mg/m m ) 

= proportion of Cr20 3 in ma t r ix 

= rate of plunger travel (cm/d ) 

= proport ion of Cr in Cr20 3 powder (0 .6�43) 

R EC O V E R Y  O F  C H R O M I U M  F R O M  FA ECA L  SA M P L ES 

Estimates of chromium recovery can be obta ined by preparing sa mples with known amounts  of 

pu re  Cr2 03 a n d  fo l l ow ing  t hese  th rough the  a sh ing  a nd d iges t ion  p rocess .  P o tass ium 

dichromate i s  n ot a sui table source of chromium for  th i s  purpose (Costigan and Ell is  1987 ) .  

Finely ground industrial Cr203 u sed for the manufacture of chromium CRC matrix tablets was 

added to oven-dried and ground (2 mm sieve) 20.0 g sa m pies of faeces obtained from sheep fed 

pasture or lucerne chaff to yield the Cr equivalents ranging from 10 to 80 pgjml.  The Cr203 
was m i.xed wi th the faeces i n  a food processor for 3 -4 minutes by adding dis t il led wa ter and 

working into a slurry .  Samples were then oven-dried to a constan t  weight and 1 .000 g duplica tes 

were a shed, digested, and measured by A A  using f accal ash standards and chromium (Cr I l l )  

n itrate standards a s  described previously. Pure samples of Cr203 a nd Cr203 plus 1 .000 g of 

faeces, representing a range ( 10-80 .ug/ml) of chromium concen t ra tions were assayed by the 

same method . 

The effect  of sample weight on recovery of chromium was  i nvestigated by assaying a serial 

dilut ion (4.00, 2.00, 1 .00, 0 .50 and  0 .25 g) of faecal DM with a Cr concentration of 5.00 .ug/ml. 

A serial dilution of a 60 .ug/ml faecal DM from 1 .00 to 0.50, 0.25 and 0.125 g was also assayed. 

Percentage recoveries of chromium from spiked faecal samples arc summarised in Table 2 .1 .  · 
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The overall m ean  ( ±  sem) recovery from the 30 samples was 94.44 ± 1 .78%. Recoveries tended 

to be poorer at chromium concentrations of 80 ,ug/mL This is partly a function of the slightly 

flexed nature of the AA 0-100 .ug/ml standard curve at  429 nm ( Lee et al. 1986), but may also 

indicate  that  there were i nsuffi c ient  digest reagents to bring all of the added C r20 3 in to  

solution (Chr ist ian and Coup 1954) .  Although not  measured in this expe riment, impurities in 

the added Cr20 3 were found by Costigan a nd Ell is ( 1 987 ) to reduce recovery rates.  Low 

recoveries were a lso apparent with some of the samples spiked to 10 ,ug Cr /mL This may reflect 

incomplete m ixing of the small amounts of Cr2 03 added to the faeces ( Lee et  al .  1986) .  

Table 2. 1 Recovery (%)  of added Cc from separa te  hatches of duplicate spiked faecal sa mples 

from sheep fed pasture. 

Expected Batch  1 Batch  2 Batch  3 
Cc (.ug/ml)  Recovery cva Recovery CV Recovery CV 

10 98.85 2 .22 9 1 .65 1 4 . 58 93 .00 0 .00 
20 94.25 9.3H l O UiO 0.70 89.25 10.3� 
40 95.30 5.79 99.35 4 .4X 100 .30 0 .07 
60 99.70 0.7 1 104.60 0 .20 97.00 3.35 
80 8 1 .45 5.30 88 .00 2 .73 82.20 8.95 

Mean 93.91 4.68 9 7 . 10 4.53 92.36 4.55 

acocfficient of variation between duplicates ( % ) .  

I n  the second eva lua t ion,  with faecal sam ples derived from an imals  fed lucerne o r  pasture 

(n = 20 in each case) ,  chromium recoveries of 99 .49 ± 1 .42% and 97 .47 ± 2 .60% respectively were 

achieved. The CV between duplicates ranged from 0.61 to 12 .53% and averaged 3.50, 4.50, 4.67 

and 5.26% respectively for the four batches tested. Poorer recoveries (85 to 94%) were again 

achieved at the highest chromium concentration (80 ,ug Cr /ml) .  The recovery of chromium was 

not affected by the type of feed that faeces were derived from. 

In the third evaluation, recovery of Cr from single sam ples of Cr203 , with ( n  = 20) and without 

( n = 10) faeces added,  averaged 1 03 . 14 ± 4 .2 0 %  a n d  1 05 . 34 ±  1 . 1 8% respectively, after two 

outliers ( > 3.5 SD) were removed from each group. There was no  apparent reason for the poor 

recoveries ( 1 7  to 43%) of the outl iers.  

Recovery of chromium was l inear ( r = 1 .00 and r = 0.98, respectively) across a four-fold range in 

sample weight on ei ther side of the 1 .000 g sample size which would normally be used for the 

assay . This indicates that the very small samples sometimes obtained by grab sam pling from the 

rectum can be assayed reliably for chromium. Costigan and Ellis ( 1987) routinely use a 0.1- 0 .2 

g D M  faecal sample in their chromium assay. Similarly, samples of faeces can be bulked a cross 

days of a 5-day measurement period (0.5 - 1 .0 g D M /day) prior to digestion if required. 
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The l evels of chromiu m recovery ach ieved. corn pare favourably with those reported by other 

researchers using the same digestion procedure. For example, Stevenson and De Langen ( 1960) 

achieved recoveries of 97.5 to 99.2%, while Costigan and Ellis ( 1987) recorded a mean recovery 

of Cr203 of 98.6%. 

EFFECT OF FA ECAL A S H  C ONTENT ON R ECOVERY OF C H R O M I U M  

The a s h  content  of faecal mater ia l  i s  dependen t pr imar i ly on the level of soil  ingest ion a n d  wi l l  

va ry w i t h  g r a z i n g  he igh t , w ea t h e r  c o n d i t i on s  and  be tween i n d iv i d u a l  a n i m a l s  (Coop a n d  

Abraham son 1 973;  M c G ra t h  et  a l .  1982) .  T h e  a s h  content  of faeces could l i e  w i t h i n  t he range 

1 0-60% for i nd iv idua l  sheep w i t h i n  a g raz ing group (Scoff ie ld 1 970; Cla rke et a l .  1 986) . Th i s  

may be  s ign i f ican t  where AA determ ina t i Lm of  ch romium i s  u sed because the  ash ,  wh ich has  a 

h igh concen t ra t ion  of a r<.J nge of e l e m e n t s  ( Hea ley et a l .  1 974 ) ,  is a pote n t ia l  cause of in ter 

e lement  i n te rference d u ring  f la me e m issi on .  The effect of  faeca l ash  content  on n;covcry of 

added ch rom iu m  was t herefore invest iga ted . 

S i n g l e  sa m p l e s  w i t h  a r a n g e  of f a e c a l  a s h  C ll n t c n t s  w e re p r e p a r e d  by m i x i ng d iffe r � n t  

propo rt ions  of h igh  a sh faeces (obta ined from sheep w h ich  i ngested soi l  wh i l e  grazing to  l ow 

res idua l  d ry m a t t e r  l evel s d u r i ng  wet w i n t e r  cond i t ions )  w i t h  l ow ash faeces ( obta ined from 

sheep fed hay i ndoo rs) . Each sa m ple was spiked w i th  10  ,ugjml Cr using K2Cr2Cl-J solu t ion afte r 

digestion.  AA a bsorba nce and ch rom ium read ings for a N20-acctylcnc flame a t  357 .9 nm were 

recorded . The latter were read from a s t andard cu rve (0-20 pgjml) derived from chromium 

standards conta in i ng n o  ash . 

Samples representing a wide range of background mater ia l  and  w i th  different ash contents were 

spiked by adding 10  /lg/ml  Cr, us i ng K2cr2o7 solu t ion , after ashing but prior to d igestion . The 

effect of ash on Cr recovery was also est imated by cross reading standards w ith d ifferent faecal 

ash backgrou nds aga inst faeces-free standa rds. 

No significant effect of ash con tent on chromium absorbance was found in the spiked composite 

faecal samples (Table 2 .2) .  The correlation between ash contents ranging from 1 8.04 to 54.75% 

and chromium readings of r = -0 . 1 3  indicates tha t  the hotter flame conditions of N20-acetylene 

override potential interference problems from elements in the faecal ash material .  Similarly, 

chromium concentrat ions showed a slight t rend (r = 0.58) to decrease as ash contents decreased 

from 89.95 to 0 .0 1 %  for the samples from sheep faeces, soil ,  herbage and no ash materia l .  

Chromium readings of  spiked samples a lso d id  not differ i f  the  samples used to derive the  AA 

standard curve originated f rom faecal materia l  which had different ash conten ts and feed 

backgrounds, or if they were made up  without faecal material .  
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Table  2 . 2  Effects  of ash con t en t  on recovery of added chromium (Cr  ( V I ) ) .  Ch romiu 1  

concen tra t ions  a rc the mean  ins t rumen t  readings for  a s tandard curve derived from n on-as  

standards. 

Ba t ch  1 
S a m ple  Ash Conten t  

(%) 

1 UUl4 

2 22 .2'} 

3 2 5 . '<3 7  

4 2 9 . 7 5  

5 33 . 1 7 

6 3(> .97 

7 41! . 1 7  
8 4 3 ))4 

9 4(1.�8 

10 5!l .86 

1 1  54 . 75 

Mean  
S D  
ra 

AA rcad1ng 
(,ug Cr / m ! )  

1 0 .42 

10 . 1(1 
1 0 . 34 

1 0 . 1 4  

1 0 .2 1) 

l ll .3� 
1 n . 2 .' 

l tl .05 

I t l . 1 5  

l 0 .2!J 

1 l l .37 

1 0 .2() 

11 . 1 2 

- 11 .  1 3  

Batch  2 
Ash Con t e n t  

(%) 

0.0 1 

8.8 1 
1 1 .38 
1 2 .58 
1 4 .23 
2 1 .5'} 
53.llll 
�3.93 
89.95 

acorrel a t ion between ash contents  and chrnmium readings . 

AA reading 
(,ug C r  /ml )  

9.65 

9 .49 
9 . <>2 

9.62 
9.77 
9 .80 

9.95 
10 . 10  
9 .91  

9.76 
0 .20 
0 .58 

R EC O V E R Y  O F  C H R O M I U M  F R O M  G R O U N D  FA ECAL SA M P LES A N D  

FA ECA L P E L LETS 

ln  previously publ ished assay methods  f:Jccal ma terial has commonly been ground through a 1 -: 

m m  sieve a nd t h e n  sub - sam p led  p r i o r  t o  a n a l y s i s  t o  e n su re u n if o rm i ty of ch romium i n  th •  
faeces. Where pu l se d oses  of c h ro m i u m  a rc a d m i n i s t e red a n d  there is ,  as a conseq uence 

signif i can t  d i u rnal  va r i a t ion  in faeca l chrom i u m  concentrat ion (Raymond and Minson 1955 

Pigdcn c l  a l .  1 956) , mixing sa m p les oh t a ined at d ifferent times of the day or across days a 

differen t in terva l s  is a ppropr ia t e .  H owever .  the  con t i nuous  slow release of chromium fro11 

CRC reduces d iu rnal va riat ion of faecal chromium ( Ell is et a l .  198 1 ) .  Furthermore, chromiun 

should be evenly dispersed through the contents of the rumen and so be uniformly distribute< 

through the faeces ( La by et a l .  1 984 ) .  

Grinding faeces has poten tial disadva ntages of sam ple weight loss (Roofayel e t  a l .  1983) and 

where s t a i n less  s tee l  m i l l s  a re u sed .  l oss  of c h r o m i u m  t h r ough adherence  t o  h a m mer 

(Stevenson 1962; Costigan and  El l i s  1987 ) . l n  add ition the fine dust material a ssociated wit !  

grinding is a potent ia l  haza rd because chromium is potentia lly carcinogenic (Vincent 1986) .  

Faecal grab samples, the primary sou rce of faeces from sheep treated with chromium CRC, an 

also small (c .  0.3-4.0 g D M /sample) and provide sufficient material in  most cases for  a singl• 

set of duplicate samples ( i .e .  2.0 g DM each) .  A com pa rison of AA readings (and cbromiun 
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recovery) for faecal pellets vs ground faecal sam ples was therefore made. Duplicate samples ( c .  

1 .0 g DM)  of faeces, ei ther ground or in their in tact form ( pel lets) ,  from 10  wethers each f i t ted 

wi th  a single 65% ch romium CRC and fed l ucerne chaff indoors were assayed as described 

prev iously . The faeces were obta ined by sub-sampling from the total collection of each sheep on 

the sa me day .  G round faeces were pre pared by mi l l ing th rough a 2.00 mm sieve ( Creston, 

S tanmore , England) .  Four separate faeca l pell ets from rumen-fistula ted we thers fed lucerne 

chaff, pa sture ( ryegrass and white clover) or white clover indoors were also assayed separa tely 

to measure the va riat ion in chromium concentra ti on between pellets. The effects of faecal form 

on chromium readings were as se ssed using va riance components analysis by equa ting mean 

squa res  to their expec tat ions according to the procedure described by Searle ( 197 1) .  

Mean AA read ings for the pel le t  and ground faeces were not s ignif icant ly d ifferent . Variat ion 

be tween duplicates was  not signif icant,  a l though it was higher for the pellet samples than for 

the ground sam ples (CV = 3.77 vs  2 .69%, Table 2.3) . In both cases �ll% of the duplicates yielded 

RSD < SC-ic .  For ground samples the variance between observations on the same sheep was 0.073 

and  the va ria nce between sheep was  2.2 1 9. The cor responding variance componen ts for the 

pellet  samples were 0.095 and UN3, respectively. 

T a b l e  2 . 3  Mean  a tomic  a bsorpt ion (AA ) readings, coeff ic ient  of va riation (CV)  between 

dup l ica tes wi th in  sheep a n d  e st i mated chromium recoveries from ground and pellet faecal 

sa m pl e s  for a s i ng le  day ' s  co l l e c t i on f rom sheep  fed  l u ce rne  chaff ( 10 days  a f te r  CRC 

administration ) .  

Sheep �.!round faece:; Pel let faeces 
A A  rdg CV Recovery AA rdg CV Recovery 
(,ug / m l )  (%) (%) (,ug / m l )  (%) (%) 

l 6.20 9.52 79.97 8 .15 4.65 105.18 
3 3 .4 1 1 . 17 82.59 3.36 1 .27 81 .32 
5 4.68 1 .07 96.14 4 .79 1 .79 98.23 
7 5 . 1 1  0.32 96.77 5 .19 4 .26 98.23 
9 8.79 6.10 122.92 7 .51 8.47 104.92 
11  5.44 0.28 86.07 5.50 3.82 87.06 
13 5.33 1 .79 102.67 5.48 2.03 105 .52 
15 6.91 1 .92 98.76 6.69 7.66 95.60 
17 7 .21  1 .45 108.51 6.66 2.04 100.19 
20 6.44 3.32 88.40 6.22 1 .72 85.29 

Mean 5.95 2.69 96.28 5.95 3 .77 96.16 
SD 1 .47 12.95 1 .37 9 .13 
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The mean recoveries of Cr, based on actual  capsule plunger travel for sheep 1 ,  7, 9 and 20 and 

average plunger travel for the remainder (1.03 ± 0.06 mm/day) , were similar for both groups. 

While the overal l  recovery of Cr of c .96% is acceptable, the variation between sheep (CV of 

13 .45 and 9.49% respectively for the ground and pellet samples) is high. Some of this variation 

(5 .45%) can be at tributed to between -animal differences in capsule plunger travel and to the 

recoveries being based on the f accal output of a single day. Subsequent experimen ts using the 

chromium assay also indicate that a higher proportion of potassium bromate (6 ml) to acid (4 

ml) in the digest would have reduced Lhc varia tion between duplicates. 

The dry weights of the faecal pellets assayed separately ranged between 0. 1 1  and 0 .26 g. These 

sample  sizes y i elded concentra tions  of chromium in the digest of between 0 .59 and 1 .06 f,lg 

Cr /ml ,  which a rc near  the l ower l imit  of detection by AA (Williams cl al .  1962) . The mean 

( ± sd) concentra tion of chromium in Lhe four faecal pellets of sheep fed lucerne chaff, pasture 

and clover were 210± 10, 173 ± 8  and 240± 13 mg Cr/g DM, respectively. 

These results indicate that g rinding of faecal material collected from sheep fitted with CRC is 

not an essential prerequisite to the recovery of faecal chromium for within-day estimates. This 

represents a significan t  saving in  labour and al lows faecal grab samples, which are frequently 

smal l ,  to be analysed intact .  The slightly higher variability between pellet sam ples can be 

countered by preparing duplicates for analysis. Where samples are bulked across several days, 

mixing equal parts of intact faeces (or grinding) will still be necessary to ensure uniformity of 

chromium in the material analysed. 

VARIATION IN BACKGROUND CHROMIUM LEVELS 

High variable background l evels of chromium in plant and soil ash material could pose serious 

problems in obtaining accurate recoveries of CRC chromium in faeces. Natural level s  of Cr are 

about 10 f,lg/kg in fresh p lant  ma terial but may be as high as 100 !Jg/kg in some soil types, 

particularly those with a ser pen tine rock background (Brooks 1983). Natural levels of Cr in 

plants are usually below 5 f,lg/kg, but may be as high as 100 f,lg/kg in plants growing on Cr-rich 

soils such as those derived from serpentinites. It is not clear to what extent this elevation is due 

to sma l l  part ic les of soi l  not  removed from the plant  p rior to analysis a s  opposed t o  the  

incorporation of  Cr into p lan t  tissues ( Reeves 1986) .  Problems with background chromium 

contamination a re most likely to occur where the surfaces of pasture plants have a high soil 

content, such as  under rota tional g razing in wet conditions and on small research plots where 

chromium has been used intensively for intake studies over a number of years (Corbett 1981). 

A reliable estimate of the soil m aterial ingested by sheep can be obtained from the a sh content 

of pasture and faeca l  sa_m ples (Scoffield 1970; Nes 1975). This may be as high as 60% under 

high grazing pressures during winter (Clarke et al .  1986). 
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Background levels of ch romium in herbage and soils of proposed experimental a reas should 

thercf ore be q uant ified prior to  t ria ls  with chromium CRC commencing. The f allowing section 

describes the determina tion of chromium in pasture and soil samples from a number  of s i tes 

nea r Massey University. 

Pasture and soil sa mples were collected from 6 sites within 2.0 km of the University Campus.  

The sit es, two of which were l ikely to  be used for subsequent intake study tria ls ,  represented 

d ifferent  soil types and pasture species. Pasture sa mples were plucked by hand and thoroughly 

washed to remove any soil ma ter ia l .  Soil sa mples were col lected from the top 1 .0 cm of the 

ground surface,  as material  from this region was most l ikely to contaminate ingested herbage . 

Both soil and  plant samples were oven dried a t  1 00°C to a constant weight .  Dupl icates ( c . l .O g)  
of mater ia ls  from each s i te  were then a shed overnight ( 12. hours) at 550°C and d igested as  

described previously. Digest  samples were aspirated into a N 20 -acetylc ne f lame and chromium 

concentrat ions read from a n on-ash standard cu rve (0.5, 1 .0. 2 .5 ,  5.0,  10.0 .ug/ml ) using the Cr 
l ine a t  357 .9 nm.  

P lant  and  so i l  concen t ra t i on s  of  Cr  averaged  0 . 1 5  a n d  0 . 54 ,ugjml  ( 8  and 27  ,ug/g D M )  

respect ively for the 6 sites ( Table 2.4 ) .  These val ues, which arc a t  the lower l imit of ch romium 

detect ion by AA, compare favourably with the levels of () . () 1 mg/g OM obtained by Will iams et 

al .  ( 1962) for faeces from sheep  not dosed with ch romium.  

Ta ble  2.4 Background concen trat ions of chromium in plant and soil samples collected from 
different s i tes at Massey Un iversi ty . 

Site a Ash {%) Chromium (�g �r [g OM) S w a rd Typ e  
H erbage S o i l  H e r bage Soil  

1 8 .22 88.7 1 5 23 Prairie grass 
2 1 1 .37 88.76 9 39 Ryegrass 
3 9.7 1 88.95 6 22 Ryegrass/white clover 
4 9 .33 88.43 8 32 Ryegrass/white clover 
5 1 1 .78 91 .99 1 1  22 Clover 
6 10.91 87.41 6 24 Lawn turf 

Mean 10.22 89.04 8 27 
so 1 .36 1 .54 2 7 

aSite l oca t ions  were : 1 ,2 =  D a i ry Cat t le Research Uni t ;  3,4 = Sheep and Beef Cattle Resea rch 
Unit (SBCRU)  top  te rrace ; 5 = D S I R  pasture cu l tiva r plots SBCRU top terrace; 6 = Massey 
University campus.  

Faecal chromium concentra t ions  in adu l t  sheep f i t ted with 65% Cr203 CRC typically range 

from 150 to 950 .ug/g O M .  Background error in herbage heavily contaminated with soil could 

therefore range from less than 1% to as  high as 10% of these values. Largest errors will occur 

with sheep of ma tu re  body size on ad l ibitum in takes of soiled pastures. The size of the 

background error can �e reduced by running blank faecal samples to provide a correction value 

or incorpora ting blank faecal material as a zero value in the set of standards. These steps will 

reduce background "noise" to  1 -3 %  for chromium readings less than 250 1-lg/g OM. 
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The mean ash content  of the h erbage sa m ples of 10 .22% is higher than the value of 8 .38% 

obtained by Nes ( 1975) for ryegrass/white c lover pastures and reflects the different species 

composit ion of the sward as  well as the possib i l i ty of l ow levels of so.il contamina tion. The 

mean soil ash content  of 88 .73% was a p proxima tely 7% lower than those obtained by Nes 

( 1975) for mainly recent soil types, and indica tes why soil contamination can rapidly increase 

the ash content of faecal material .  

The results indicate that chromium background levels  on the proposed experimental  areas were 

low.  This reflects the very low or nil usage of chromiu m on these sites, as well as the low Cr in 

the soil parent material (Reeves 1986 ) .  

The problem of background contaminat ion, where i t  occurs, can be reduced by increasing t he 

release rate of chromiu m to generate h igh administered chromium concentrations relative to 

background levels .  There a re  two diff i cu l t ies w i th th i s  approach .  First ,  the  problem is 

exacerba ted by a more ra p id  bu i ld -up of background chromiu m .  Second, it is  technical ly 

difficult to develop matrix ca rriers which can deliver h igh daily release rates of chromium for 

periods which are useful experimentally (Laby 1986) .  Al ternatively, a second marker element 

which is highly or consistently correlated with chromium levels in the background material can 

be assayed concurrently. Titanium, which is  used as an indicator of soil contamination in faeces 

(Scoff ield 1 970;  N es 1975),  may be suitable for this purpose, al though there is no published 

information about its relationsh ip  with soil chromium.  

The m ost  d iff i cu l t  s i tua t ion  occurs  where the l evels  of background chromium are h ighly 

variable. For th is reason, soil and pasture samples from potential resea rch a reas should be 

investigated for chromium contamination prior to  the commencement of trials using chromium 

CRC. S ites with the l owest level of contaminat ion should be selected and if possible sheep 

without CRC should be run concu rrently wi th  trial sheep to provide a correction measure for 

background Cr during the tr ia l .  

INTRA- AND INTER-ASSAY VARIATION 

Variation in  the assay procedure for samples within- and between-batches is a potential  source 

of error in determining Cr recovery (Lee et a l .  1986) . Including pool samples with each batch 

allows this source of variation to be monitored. 

The intra- and inter-assay variation was assessed with three pool samples of low, medium and 

high Cr concentrations (30,50 and 80 ,ug/ml, respectively ) .  The pool samples were assayed in 

four independent batches. All samples from each batch were subsequently read by AA on four 

separate occassions. A common set of Cr standards was used a t  each AA reading. AA readings 

Were tested in an ANOVA m odel which included terms for variation between batches, between 
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mach ine  read i ngs a n d  between  d u pl ica tes  w i t h i n  ba tches .  Between-ba tch var ia t ion was 

sign ificant  ( P < O.OOl) ,  but only accounted for 5.28% of the total sum of squares (TSS) in  the 

model . Variat ion in machine readings of samples (0.2% of TSS) and between dupl ica tes (2.9% 

of TSS) were not sign ifican t .  Between -batch variat ion was mainly attributable to va ria tion in  

the read ings of  the highest concen tra t ion pool samples. 

The stability of analyte and variat ion between AA readings was also tested by recording the Cr 

concentrat ion in a l iquots 1, 7 and 14 days after d igestion . The CV between readings was 1 .2%, 

confi rming that  an a lyte could be stored in plast ic vials for  a t  least  two weeks  before AA 

dete rm ina t ion  if necessary ( Cost igan a n d  El l i s  1987 ) .  This result and the low va riat ion 

a t t r ibutab le  to  machine read ings in  the p revious test show that  machine set t ings and  flame 

conditions are repeatable. 

SU M MA R Y  

A phosphoric ac id - manganese- potass ium broma te digest ion o f  a shed faeces w a s  used t o  

solubil ise C r  ( I l l )  to Cr (V I )  f o r  determinat ion by A A .  Mean C r  recoveries of 94 .4- 103.8% 

were obtained from Cr203-spiked sa mples made up with faeces from a range of background 

materials .  Chromium recovery was independent  of sa mple size (over the range 0.25-4.00 g 

D M ) ,  ash content of the faeces,  and form of the faeca l sub-sample (pellet form vs ground) .  

Recoveries of  ch romium tended to be lower and more va riable a t  higher concentrat ions of 

chromium ( > 4  mg Cr /g DM) .  It may be necessary, at these concentrations, to add additional 

volumes of the digest reagents in  the same ratios as recommended by Will iams et al. ( 1962), to 

bring al l  of the Cr into solution (Christian and Coup 1954) .  However, faeces from sheep fitted 

with CRC are unl ikely to exceed 1 .5 mg Cr /g OM.  Chromium concentrations as low as 5 JLg/g 

DM were measu red in he rbage samples  bu t  the rel iabi l i ty of AA readings is  red uced a t  

concentrations below 5 0  JLg/g O M  (Williams e t  a l .  1962) .  

Determinat ion of  backgrou n d  chromium concen trat ions i n  herbage and soil samples f rom 

potent ia l  t r ia l  sites i nd ica ted that  these were low and u nlikely to contribute significantly to  

error when d etermin ing chromium added by CRC. However, t he  occasional inexplicably low 

recovery of chromium and high variation between some duplicates suggests that results should 

be carefully screened to ident ify outlying values and duplicates with a CV greater than 5% so 

that the analysis can be repeated for these samples. 

Analyte for AA determination stored well for several weeks and coefficients of variation within 

and between batches were generally less than  5%. However, pool samples representing the 

range of chromium concentra t ions assayed should be included within each batch to monitor 

these sources of variation through time. In  addition, variation due to the AA can be m onitored 

by reading appropriate chromium pool samples that have not been run through the ashing and 

digestion phases of the assay with each run of unknown sam ples. 



CHAPTER THREE 

EFFECT OF HERBAGE TYPE AND LEVEL OF INTAKE ON THI 

R E LE A S E  OF C H R O M I C  O X I D E F R O M  INT RA R U M I N A I 

CONTROLLED RELEASE CAPSULES IN SHEEP 

I N T R O D U CT I O N  

Cont rolled rel ease capsu le  ( CRC) technology for the cont inuous  and un iform release of th{  

ind iges t ib l e  m a rker  ch rom ic oxide (Cr2o3 ) in to the  rumen over periods of 20-30 days ma) 

provide an  im proved meth od of es t ima t ing volun ta ry he rbage in take in grazing ru minanu  

(Harrison e t  a l .  1 9� 1 ,  1982; Laby e t  a l .  1 9S4) .  Prel imina ry studies with CRC in  sheep ( Ell is  e 1  

a l .  1 9� 1 ;  La by et a l .  1 984)  a n d  c a t t l e  ( E l l i s e t  a l .  1 982) s how that  i n t ra ruminal  ca psule  

techno logy has  the  poten t ia l  t o  su rpass exist ing methods of intake measurement because the  

uniform release of Cr2o3 into the rumen dec reases diurnal va riat ion of the marker  in the faecc5 

and because t he s ingle a ppl ica t i on of the CRC reduces both animal distu rbance and labour  

requ i re ments .  H oweve r ,  t hese s tudies do not c over  the ra nge of environ men ts  CRC may 

encom pa ss. There is thus a need to  define the performance cha racteristics of sheep CRC when 

they a re exposed to d iffe ren t  types of herbage ,  levels of he rbage intake and manage m e n t  

syst ems  before t hey can  be rou t i nely a pplied to s tudies  of vo lun ta ry herbage in take. This 

chapter  presen t s  the resu l t s  of two exper iments  in which ru mcn -fistula ted and intact sheep, 

fitted w i th  c h ro m i u m  CRC, w e re fed f ive different  he r bages at  t h ree da ily al l owa nces t o  

dete rmine the effects of he rbage type and level of intake o n  ch romium release rates th rough 

t ime. 

M AT E R I A LS A N D  M ET H O D S  

Exp er i m e n t  1 

The objective of this exper iment  was to determine within- and between- sheep variation in the 

rate of chromium release from CRC. Five 14-month old Romney wethers (weighing 43.3 ± 2.04 

kg, mean ± sem) were rumen-fistula ted by the method of Komarek ( 1981 )  and hou sed i n  

metabol ism crates .  An ima ls  were offered lucerne chaff ,  twice daily a t  0830 and 1600 h ,  t o  

provide i ntakes equivalent t o  1 . 1  ma in tenance ( M )  requirements ( Rattray 1986) for 1 0  days. 

Ma in tena n ce was c a l cu l a ted  as 0 .7 t imes  the da i ly energy requirements for a wether of 

equivalent l iveweight grazing outdoors (Rattray 1986) . Lucerne chaff was assumed to contain 

9.6 MJ M E/kg DM at  85% OM (Coop 1986) .  During this period each sheep was treated with a 

selenium-fortified anthelmint ic  for i nternal parasite control . Lucerne chaff was supplemented 

with 1 .0 g of a mineral m ix (0.05 g Na Mo04, 0.5 g Na2so4 and 0.8 g NaCl/kg OM feed) each 
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ground th rough a 1 .00 m m  sieve (Cranston, .England) for in vitro digestibi l i ty ana lysis by the 

method of Roughan and Hol land ( 1977) .  

On the eleventh day after an imals entered the metabolism cra tes ( d 0 of measurement) ,  three 

chromium CRC (50% Crz03 matrix, 7 .0 mm orifice, 6.0 cm core; Mark I design, CAPTEC (NZ) 

Ltd Auck land)  were a t tached by nylon string to the cannula plug (Harrison et al . 1 982) of each 

wether. CRC plunger travel was measured on d 3 and thereafter at 7-day intervals, by removing 

the capsules f rom the ru men and measur ing the posit ion of the matrix on both sides of the 

barrel using vernier cal l ipers (Mi tutoyo, Tokyo) .  Capsules were quickly doused in warm water 

(c.25°C) to remove rumen ma terial prior to measurement and returned to the rumen within two 

minutes to min imise tempera ture fluctuat ions.  On d 8, each wether was f itted with a harness 

and bag fur the total col lec t ion of faeces d u ri ng a 10 day determinat ion of feed digest ibil i ty.  

Harnesses and bags were re moved on d 19. I ndoor feeding at 1 . 1  M continued until d 43, when 

the a n i ma l s  were m oved to ou tdoor  g r az i ng on m ixed ryeg rass - wh i te c lover pastures .  

Monitoring of  plunger travel continued at weekly in tervals unt i l  d 100 when the Cr203 mat rix 

first exp ired in one of the CRC. 

Exper iment  2 

This experiment was run concurrent ly with experimen t 1 with the objective of quantifying the 

pattern of Crz03 release from CRC in sheep offered four d ifferent types of herbage at three 

al lowances. 

S ixteen 14-month old Romney wethers, e ight of which were rumen-fistulated, were housed in 

metabol i sm crates and d iv ided into four groups, each comprising two in tact and two rumcn

fistulated sheep. Harnesses and faecal collection bags were f itted on the same day. The groups 

were a ssigned to receive one of the  fol lowing feeds - wh i te c lover (Trifol ium repens, cv.  

Grasslands 'Huia ' ) ,  ryegrass ( Lol ium perenne, cv. Grasslands 'Ruanui') ,  ryegrass and white 

c lover  m ixed, or meadow hay, for the du rat ion of the indoor feeding period. Ryegrass and 

clover were harvested a t  1500 h each day from pure swards ( Ulyatt 1971 ;  Purchas and Keogh 

1984) using a sickle-bar mower. The ryegrass-clover feed was made up by m ixing material from 

the two pure swards to ach ieve  a c lover D M  content typical  of an improved pasture sward 

dur ing la te  spring (Smetham 1973) .  The average composi tion of the fresh pasture feeds is 

summar ised in Table 3 . 1 .  The meadow hay had been made from a mixed pasture sward, of 

predominantly ryegrass and clover composition, during the previous summer. 



5 1  

Table 3 . 1  D ry matter composition ·of pasture feeds, experiment 2. 

Feed type 

Clover 

Ryegrass 

Ryegrassjclover 

Grass 

0 

85. 1 ± 3.0 

58.6± 6. 1  

Sward Component (%  Dry matter. Mean + sem) 

Clover Weed 

81 .7 ±  1.8 

0 

25.8± 4.0 

9.0± 1.8 

7 .5± 1 .9 

7 . 1 ± 1 .6 

Dead 

9.2± 1 .8 

7 .3 ± 1 .5  

8 .5± 1 . 1  

Each of the g roups was offered their respect ive feed a t  approxima tely maintenance allowances 

for a 10-day period . At this stage (d 0) a single chromium CRC (from the same manufacturing 

ba tch as exper iment  1 )  was a t tached to  the cannula plug of the f istulated animals by nylon 

string, or orally administered to the intact wethers using a lubricated flexible tubing to release 

the CRC at the thoracic inlet .  Following CRC insertion, feed a l lowances were reduced to the 

equivalen t  of 0 .8  M f rom d 8 .  Main tenance requ irements  were based on assumed energy 

conce n t ra t ions  of 7 . 5 ,  10.2 a n d  1 1 .7  MJM E/kg DM and  D M  con tents  of 85, 1 5  and  16% 

respectively for  hay, clover and  ryegrass ( Ulyat t  et a l .  1980). Al lowances were then changed i n  

the following sequence for each group: d 15-21 , 1 . 1  M; d 22-28, 1 .4 M;  d 29-35, 0.8 M and  d 36-

42, 1 . 1  M.  Fresh feed al lowances for individual sheep, calculated each day on the basis of the 

mean DM content of duplicate sam ples taken from the feed the previous day, were offered once 

daily at 1600 h. Refusals were weighed a t  the same time, prior to being bulked within feeding 

g rou ps ,  th oroughly  m ixed and s ub-sa m pl e d  in d u pl i c a te  (c .  1 00 g f resh weight)  for  D M  

determination. The fresh feed and refusal D M  samples were oven dried for 24 hours a t  80°C to  

a constan t weight .  Dai ly OM in takes  (DMI ,  g/d) ,  calculated as the  difference between D M  

offered and  refused, a re sum m a rised wi th  feed D M  digestibi l it ies for each feeding level i n  

Table 3.2. Sam ples of feed offered ( 1  g DM/d)  were bulked within feeding levels and g round for 

in vitro digestibility ana lysis ( Roughan and Holland 1977) .  
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Table 3 .2  Group mean  d ry mat ter  intakes and d igestibilities of feeds at each feeding level ,  

experimen t  2 . In vitro d igestible organ ic ma tter contents of the dry matter of samples of feeds 

taken at each feeding level a re also shown. 

Feed i o g  leve l ( x M a i o t e o a oce )  

1 .0 0 . 8  1 . 1  1 .4 

Feed ty pe P a r a m e t e r  0-7a 8 - 1 4  15-21 2 2-28 

Ryegrassjclov e r  0 \1 1b 
5 2 2  4 74 606 796 

0\.! D c 72 . 1  67 .7  6 3 . S  7 1 .2 

0 0 \1 0 d 
6 9 . 3  6 4 . 5  59. 3 65.2 

Clover 0 \.t l  4 6 7  44 1 603 825 

D \1 0  8 2 . 4  79 .5  75 .5  76.6 

0 0 \1 0  73 .2 7 1 . 7  71 .2  7 1 .3 
Rye grass 0\1 1  534 438 50') 6 1 4  

0\1 0  7 1 .5 63.8 54 .6 62.8 

00\1 0 69.8 59. 1 5 9 . 7  65.0 

Hay D \1 1  8 1 7  676 878 1 029 

0\10 5 8 . 6  5'J.8 55.5 5 7.6 

0 0 \1 0  5 5 . 0  55 . 1  55.4 54 . 2  

aoay of  experimen t .  
bory matter intake (g/d ) .  
cory matter digestibi l i ty ( ';'f; ) .  
din vitro d igestible organic matter in the dry matter (DOMD, %) .  

0.8 

2 9-35 

529 

7 1 .2 

66.2 

490 

75.2 

73. 1 
523 

65.2 

67.9 

735 

5S.6 

52.6 

1 . 1  

36-42 Lsdo.os 

702 36e 
72.3 1 . 7  

6').2 

632 45 

75 . 9  1 .8 

74 .0 

651 72 

64.7 3.9 

59.2 

940 5 0  

58 . 1 1 .7 

5 3 . 0  

eLsd values a rc for comparison only between means in the same row (Gi l l 1988) .  DOMD values 
are point estimates only for each f ceding level and have no within-f ceding level variance. 

CRC p lunger  t ravel  in  the f i s t u l a tcd sheep was measu red at 7 d in tervals  aft e r  the f i rst 

measurement on  d 3 . Liveweights were recorded at  d 0 and d 43. On d 43 the wcthers were 

transferred to outdoor grazing w i th  the an imals from experiment 1 .  Monitoring of plunger 

travel in the fistulated an imals con t inued a t  weekly intervals until d 100. 

Total bagged collections of faeces were obtained from sheep from d 0 to d 42. The fresh weight 

was recorded ,  faeces  t h orough ly  m ixed and  two sub-sa m ples  of c . 100  g taken  f or D M  

determinat ion.  These were oven dried a t  80°C to constant weight for a t  least 72 hours.  A 30-50 

g sample of the  d ri ed faeces was retained for chromium analysis. Four-hourly rectum grab 

samples were obtained over a 24 hour  period from sheep (n  = 8) in the hay and c lover groups on 

d 18 and d 32, when the animals  were on 1 .1 and 1 .4 M levels of feeding, respectively. A further 

series of four-hourly sam ples were obtained from the same animals on d 53 while they were a t  

grazing. 
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Chromium a n a lys is  

Faeces were assayed for chromium by a tomic absorption spectrophotometry using the method 

described in Chapter Two.  Sa m pies from individual  animals were assayed on a daily basis for 

the 0.8, 1 . 1  and 1 .4 M feed ing levels and bulked over the last 4 days of the 0.8 and 1 . 1  M feeding 

levels .  Analyses for chromium were repeated for samples where the coeffic ient  of variation 

(CV) between dupl icates exceeded 5%. The intra-assay CV averaged 2.9% and the inter-assay 

CV 3.7%. 

Statistical a n a lys is  

CRC plunger t ravel measurements wi th in - and between-sheep in experiment 1 were tested for  

l inea ri ty us ing a sp l i t - sp l i t -p lo t  model  (Gi l l  and Hafs 197 1 ;  G il l  1988) .  The model included 

main cff ects for sheep, date of plunger measurement (specified as t ime in l inear and q uadratic 

terms) and the in teractions between t ime and sheep, CRC between sheep and CRC within sheep 

(see A p pendix 1 ) .  Plunger t ravel data from experiment 2 were ana lysed i n  the same manner,  

excep t  the doub le  sp l i t - p l ot m ode l  i n c l uded  feed type ra ther  than CRC's within sheep .  

Univar ia te l i nea r regress ions  were  ca lcu la ted to determine the average ra te  of  chromiu m 

release th rough t ime for i nd iv idua l  CRC. Faecal chromiu m concentrat ions from the diurnal 

variation study were subjected to repeated measures analysis. Analyses were undertaken using 

the 'REG' (Gi lmour 1985) and 'SPSSX' (SPSSX 1983) statist ical packages. 

Chromium recovery was calculated as  the percentage of the expected daily release of chromium 

from individual CRC recovered in the faeces, using the formulae outl ined in Chapter Two. Two 

sheep were excluded from the chromium ana lyses, one because recovery of chromium was 

affected by rumen spillage due to  cannula l oss and the other because of CRC fai lure. 

RESULTS 

Experimen t  1 

Feed intake 

A consistent group mean dry matter intake (DMI) of lucerne chaff of  771 ± 7  g/d was achieved 

from d 0-42. The in vivo O M  digestibility of lucerne chaff was 63.5± 0.6%, with an assumed 

energy concentra tion of 9.6 MJ ME/kgDM (in vitro DOMD = 63.0%). The estimated average 

daily energy  in take  of 7 .4 M J  M E  w a s  therefore eq uiva lent  to sl ight ly  m ore than  the  

maintenance requirements for  a 39  kg yearl ing ram housed indoors (Townsley 1985; Rattray 

1986) and close to the 1 . 1  M objective. As a result liveweights were only 0.6 kg greater than the 

39.1 ±  1.3 kg initial liveweight by the end of the indoor feeding period. 
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C R C  plunger travel 

Total  plunger displacement from d 0-42 in the fistula ted sheep, with the excepti on of one CRC 

which fa i led  b e tween d 7 and d 14,  averaged 2 5 . 0 ± 0:4 m m .  The ful l  split-split-plot model,  

i n c l u d ing i n t e r a c t i o n  t e r m s ,  i n d i c a ted t h a t  9 0 . 4 %  of the total sums of squares could be 

accounted for  by fitting a straight l ine  and a n  intercept for each shee p ( P < 0.001) .  Exclusion of  

the single outlier increase d  this to 98. 1 %.  The proportion of  the total sums of squares due to 

variation between CRC within sheep was therefore small  and not significan t, indica ting that 

CRC exposed t o  a common environment performed simil a rly. However, there was significan t  

(P  < 0.05) variation a bout the l i n e  which increased with time. Fitting a q uadra tic term indicated 

that this lack of fit could be explained by the slightly curved na ture of plunger displacement with 

time (F igure 3 . 1 ) ,  ra ther  t h a n  by systema tic var ia t ion .  Linea r i ty of chromium relea se was 

m a in tained un til d 5 1 .  From this time until d 100, CRC plunger travel was less uniform. In four 

cases this  was a ss ocia ted w i t h  the temporary l oss of the rumen cannula and the consequent 

exposure of the CRC to air  tem pera tures l ower than that of the rumen. Interestingly , plunger 

travel genera lly recovered ove r  a period of several days to the previous rate once CRC were 

retu rned to the ru men.  Release rates increa sed near the end of CRC life because of the more 

rapid dissol u tion of the last of the nine tablets that com prised the initial ma trix core , and were 

lower during the first measuremen t  interval (3 d)  because of the time required to soften the 

ma trix a t  the orifice and to initiate the extrusion process. Average plunger travel and chromium 

release ra tes were therefore c alculated from d 3 .  The pooled regression of plunger travel (y) on 

time (x) for the 14 CRC with uninterrup1ed plunger travel between d 3-42 was: 

y (m m/d) = 1 . 129 ( ± 0.294) + 0.593 ( ± 0 .0 12)x, r = 0 .999, P < O.OOl.  

Chromium rele3se from d 3-42 averaged 62± 1 mg Cr/d,  with a maximum and minimum of 65 
and 56 mg Cr /d, respectively . 
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Days after CRC insertion 
Figure 3.1 Cont rolled release ca psule (CRC) plunger travel from insertion until expiration of' 

the first matrix core in fistulated wethers, experiment 1 .  All standard errors are < 1.6 mm. 
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Exp er iment  2 

CRC plunger  t ravel 

Deta ils  of plunger t ravel and the a ssocia ted l inear regression parameters for CRC in fistu lated 

wethers on the different feed types are presented in Table 3.3. Chromium was released at the 

sa me average rate (62 ± 2  mg Cr /d) as  in the sheep fed lucerne chaff, but variation between 

CRC was greater ( CV = 9.6% vs 5 . 7%) .  

Table  3 .3  Tota l  CRC p lunger  d i sp lacement  from day  0-42, l i near reg ress ion (a + hx )  of  

plunger t ravel (y )  on t ime (x) and average da ily chromium release rates in  fistulated wcthers o n  

different feed types, experiment 2 .  

Tota l Regression ea rametersc 

travel  

Feed type Sheep ( m m )  a b r 

Ryegrass/clov e r  1 24.50 l . l08 0.586 0.993 
4d 22 .00 2 .258 0.498 0.988 

Clover 6 23.50 \ . 746 0.545 0.9?2 

l i e 20.50 1 . 1 92 0.485 0.992 

Ryegrass 1 0  25 .00 0 . 36 1 0.6 1 0  0.997 

15 26.50 1 . 1 20 0.6 1 6  0.998 

Hay 8 27.50 0 . 154 0.684 0.995 

1 4  27.00 0 .832 0 .637 0.997 

cPooled regression:  y ( m m/d) = 1 .206 ( ± 0.397) + 0.579 ( ± 0. 0 1 6 )  x ,  r = 0.98 1 .  P < O . OO J .  
dC R C  performa nce m ay have been affected by two r u m e n  s p i l l s  d u e  t o  l oss o f  can n u l a .  
eP l u nger trav e l  d ecreased from d 22-42 i n  t h i s  sheep.  

C h ro m i u m  

re l ease 

(mg C r / d )  

63 

56 

60 

52 

63 

66 

70 

67 

Init ial  exa minat ion of the average rates of chromium re lease suggested that plunger travel 

tended to increase with decreasing D M D  (Table 3.2), the highest and lowest release rates being 

ach ieved on the hay a nd c lover  feeds, respectively. In a l l  cases plunger t ravel was  h ighly 

correlated with t ime ( r2!  0.988) .  This was confirmed by the split-plot analysis which indicated 

that 96.5% of the total sums of squares could be explained by fitting plunger travel with time as  

a straight line and an intercept (P  < 0.001 ) . The intercepts of  the  lines for  each of the  f ecds were 

not significantly d ifferent .  The q uadratic term for t ime ,  included after the l inear term to 

account  for non-linear variation , was significant ( P < 0.001 ) ,  but remaining systematic variation 

about the lines for  feeds was no t .  This shows, as for the CRC in wethers fed lucerne chaff 

(experiment 1 ) ,  that plunger travel decreased marginally with time. The interaction between 

feed type and rate of plunger travel was significant (P < O.OOl) .  However, for practical purposes 

these differences were small and  for feeds with similar characteristics (e.g. fresh pastures) a 

single linear regression l ine could be used to determine the average rate of chromium release. 
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Appearance  of chromium in  the faeces 

Chromium from the CRC a ppeared i n  the faeces on the day following insert ion into the rumen 

but  recovery of chrom ium did no t  exceed 90% of the average daily release f ram the CRC d uring 

the l inear phase un t i l  days 6 to  9.  There was considerable  varia tion between sheep on the same 

feed type  in the pa t t e rn  of chromium a ppearance in  the  faeces (F ig u re 3 .2 ) .  Equ i l i b r i um  

condi t ions were achieved m ore rapidly in  the intact  ( a  mean of 7 . 1  days) than i n  t he  f is tula ted 

(a mean of 8.5 days) wethers.  
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Days after CRC insertion 

Figure 3 .2 Recovery of chromiu m  (mean ± sem)  from the faeces of fistula ted (-- ) and in tac t  

( ----) wethers, exper iment  2.  

R ec ov e ry of chromium 

Recovery of  CR C ch romiu m  f rom the f is tu la ted sheep averaged 97.4 ± 2 .6, 100.2 ± 2.8 and  

103.8± 3.6% of  the expected daily output  fo r  the 0.8, 1 . 1  and  1 .4 M feeding levels, respectively . 

The min imum a n d  m aximum recovery for the th ree feeding l evels was  83 .5  and  1 1 1 .2%,  

respectively. Recovery of chromium did not differ significantly between feeds, between feeding 

levels or between sheep within _feeds. However, the tests of significance had rela tively l ow 

power because of the small  n umber of animals i nvolved . 

The CV in daily recovery of chromium within feeding levels for individual sheep (n  = 7 d/level) 

was approxima tely 20%, indicat ing that a low level of reliability can be placed on an  intake 
estimate based on a single day's faecal sample. Variability in faecal chromium recovery m ay, 
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however, have been increased because the animals' feed allowances were changed every 7 days. 

This particularly applies to the first 3-4 days of each feeding level. Chromium recoveries were 

therefore obtained for a bulked sample for the final four days of the 0.8 and 1 . 1  M feeding levels 

for both the intact and fislUla ted wethers (Table 3 .4 ) . This indica ted that when CRC release 

ra tes w ithin t he range measured in the fistulated sheep on the same feed type were a pplied, 

recoveries of chromium in the in tac t  wcthers were similar (P > 0 . 1 )  to those obtained in the  

fistulated animals. 

Tab le  3 .4 Chromium recoveries (recovered/expected) from faeces of fistulatcd (F) and in tact 

(I) wethers bulked across t he last four days of each f ceding level, exper iment 2. 

Feed 

Ryegrass/ clover 

Clover 

Ryegrass 

Hay 

Overall Mean d 

S h e e p  

type 

F 

F 

F 

F 

I 

Feeding level 

0.8 M l . l M 

95.8± 0.43 94.5± 10 .5 

97.9± 1 .2 107.8±2.6 

105.5b 96.2± 4.2 

88.9± 3.4 100.0± 3.3 

88. 1 ±  12.3 105.5± 6.5 

106.6± 15.4 97 .8± 1 1 .3 

96.4± 2.7 105. 1 ± 2.0 

96.7c 105.7 

96.4± 2.7 98.8± 3.2 

a% recovery, mean ± se m, n = 2 .  
bone sheep excluded because of rumen spillage due t o  loss of cannula. 
cone sheep excluded because of CRC failure. 
dDifferences between sheep type and feed types were not significant.  



5 8  

Diurnal varia t ion i n  faecal chromium concentration 

The CV between four-hou rly faecal chrom ium concentrat ion s  for individual  an imals  ranged 

from 4.0% to 1 7 .9% (overa l l  mean 8.3 ± 0.8% ) ,  du ring the diurnal variaion sa mpl ing periods. 

Variat ion was e levated in  one of the sheep fed hay because faecal chromium concentra tions 

were low ( < 80 J.,�g Cr/g O M )  re la t ive to na tura l  background chromium levels and the lower 

de tect ion l i m i t  of 1 5-30 J.,�g Cr  /g OM for chromium by a tomic absorption spect rophotometry 

(Wi l l iams et a l .  1962 ) .  If th is  an imal  was excluded the ave rage CV between four-hourly samples 

was reduced to  7 .2 ± 0 .5 % .  The fou r-hourly faeca l chromium concen t ra t i ons at the 1 . 1  M 

feeding level  were not significantly d ifferent ( Figure 3.3) .  The d ifference between the mean 

four-hourly chromium concen t ra t ion and an  independen t  measu re for the 24-hou r bagged 

collection was less than 2%. At the 1 .4 M feeding level (d 32) the effects of sa mpl ing time on 

faecal chromium concentra t ion were also non-sign ificant .  At both feeding levels  the pa t tern of 

va riation in faecal ch romium concentra t ion was not consistent across feed types, suggesting that 

variation was a random effect rather than an  inherent ani mal circadian rythmn.  

During the period when the wethers were grazing at  pasture ( in  v i t ro  O M O  = 72.4 % )  rec tum 

gra b sa mp les  were obt a i ned a t  48 of  the  49 poten t i a l  sa m pl ing t imes .  Faeca l  chromiu m 

concen tra t ion genera l ly  increased with t ime  (Figure 3.3) . H owever ,  only the f ina l  0900 h 

reading was signif icant ly ( P < O . lO) differen t  from the readings obtained for the remainder of 

the day. The increasing trend i n  chromium concentra t ion may have been a ssociated with the 

change in average pasture height ,  which declined from 6.6 c m  to 3.0 cm over  the 24 h period. 
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Figur e  3 . 3  Diurn a l  varia tion in  chromium concen tration of faecal samples taken at 4-hour 

intervals in  sheep feed c lover (-) or hay (----) ,  experiment  2. Values (mean ± sem) are 
expressed as  percen tage deviations from the 24 h mean chromium concentra tion for animals 
with complete sa m pling records. 
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DISCUSS I O N  

These exper iments  have demonstrated that chromium release over a period of at l east 1 00 days 

can be achieved in sheep CRC with a 6 .00 cm core, 50% Cr203 matrix and 7 .00 mm orifice. 

Plunger t ravel, and hence chromium output, du ring this period decreased marginal ly with t ime 

hu t  for  p r ac t i c a l  p u r poses  a s im ple  l i nea r  reg ress ion eq uat ion for  the f irs t  42 days best 

exp la ined  the  r e l a t i o n s h i p  be tween p lunger  t ravel  and  t i m e .  A l t h ough the sheep were 

t ransfe rred from indoor feeding t o  outdoor grazing after  42 days, the pattern of chromium 

re l ease  was d i s ru p ted  in  a n o t i ceab le  m a n n e r  on ly  if c ann u la  loss occu r red a n d ,  a s  a 

consequence, CRC were exposed to an environment different to that of the ru men.  The slight 

reduct ion in rate of chromium release over time may have been associated with a reduction in 

spring tension as the matrix was extruded. 

Three CRC m a lfunct ions  ( out  of 3 1 tested in the two expe riments)  occu rred . No a pparent 

cause of fa i lure in the CRC fit ted to the fistu lated wether was evident ,  but the two CRC failures 

in the in tact a n imals  may have resul ted from da mage sustained du ring drenching. Ellis et a l .  

( 1 9R l )  experienced a 1 /6 fa i lure rate with a n  earl ier ca psu le design .  I n  the present  t rial CRC 

were found not to be readily admin istered hy the flexible rubber tubing while the sheep sat in an  

upright posi t ion . Subsequently, i t  was  found that CRC were more easily administered when the 

sheep was rest r a i ned in i t s  n orma l  s tanding pos i t ion ,  pa r t icu lar ly  if a cus t o m - made CRC 

drenching gun (Captcc Ltd, Laverton, Aust ra l ia)  was used to relea se the ca psule behind the 

tongue. Capsule fa i lu res can be readi ly iden tified by an i r regu lar  pat tern or low recovery of 

ch romium from the faeces. 

Va r ia t i on in t he  ra te of c h r o m i u m  rel e a se f rom CRC w i th i n  sheep  was n ot s ign ifica n t ,  

ind ica t i ng t ha t  C R C  i n  a si m i l a r  r umen  envi ron men t w i l l  have com parab le  perfo rmance 

charac ter i st ics .  H owever, the  resu l ts  from expe r iment  2 show that  where there a re  la rge 

differences in  the physica l cha racteristics of f eed off cred, reduced uniformity of CRC between 

feed types can be expected . Thus, if a herbage intake t rial  is being conducted with trea tment 

groups on widely cliff erent feed types (e .g. hay vs clover), independent chromium release rates 

for dissimi la r  feed types should be estima ted where possible. The decision whether to use one 

or more rates of chromium release shou ld be taken with respect to the purpose for which intake 

data are to  be used, bearing in m ind that a lower level of precision in determining CRC plunger 

travel will occur  in intact  an ima l s because d i rect measurement of CRC plunger travel is not 

possible (Ell is et al. 1988 ) .  

Laby et a l .  ( 1984) reported n o  differences in t he  rate of chromium release between CRC fitted 

to intact vs fistulated sheep. This implies that the restricted CRC rumen movement due to i ts  

attachment to the cannula,  and differences in the rumen environment due to  fistulation �. 
have no effect on chromium release rate. No direct comparison of plunger travel was possible 
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i n  the experiments reported here but, based o n  extrapolat ion from faecal chromium recoveries, 

average dai ly release rates of chromium appeared to have been similar in the two groups. 

Chromium can be expected to a ppear in  the faeces within 24 hours of CRC insert ion in intact 

sheep but steady s ta te levels of chromium wil l  not be achieved unt i l  f ive to  e ight  days later .  

The variabi l i ty i n  chromium a ppearance probably arose because da i ly faecal  output  does not 

correspond u n iform ly to da ily he rbage i n take ( Pigden and Bri sson 1 956) .  The more rapid 

a t t a i nmen t  of s teady s ta te cond i t ions  in i n tac t  sheep m ay have been a ssoc ia ted  wi th  the 

d iffe ren t  methods of inser t ion in to  the ru men (CRC a d minis tered oral ly being poten tia l ly 

subjec ted to m ore vigorous t rea t m e n t )  a nd the effec t s  of per iod ic remova l  of CRC from 

fist u l a ted an ima l s  for measuremen t  of  p lunger t rave l .  For pract ica l  pu rposes i t  would  h e  
prudent to wai t  un t i l  a t  leas t  e ight  days af ter  CRC administrat ion before tak ing the fi rst faecal 

sam ples for intake est ima t ion . A more rapid attainment of a steady state of Cr203 in the faeces 

could  be a n t ic i pa ted w i t h  feeds  wh ich  have a l ower  rumen  mean re tent ion t ime  (RMT)  

(Faichney 1 983) .  Although the  da t a  for experiment 2 were restricted to 24-hou r precision, the 

trend in intact  sheep was for equ i l ibrium to be achieved most rapidly i n  the sheep fed hay ( low 

RMT) and least rapidly in the clover group (high RMT).  

Chrom i um recoveries were general ly within 90- 1 1 0% of expected values for ind ividual sheep 

within feed ing levels, but some u nacceptable levels of recovery occurred . These would resul t  in  

inaccurate est imates of herbage i n take .  Re-assay of sam ples from these animals  es tabl i shed 

that the a ssay was n ot at faul t .  Poor recove ries may therefore have been a ttr ibutable to:  (<i )  
changes i n  the  r a te  of chromi u m  release between feeding levels (but t h i s  would be  small a s  

i nd i ca ted  by  t h e  l i n e a r i t y  o f  p l u nge r  t ravel ) ;  (b)  feed ing level effects  on  the passage of 
chromium to the anus; or (c) faecal sampling errors ( M oran et a l .  1987 ) .  With respect to the 

effect of feeding level, Lambourne and Reardon ( 1 963) suggested that  a period of 2-4 days was 

necessa ry to  a l low chrom ium to  reach a n ew st eady sta te after a change in  the level of  feed 

i n t a k e .  T h i s  t ra ns i t i o n  effec t  w ou l d  have c o n t r i b u t e d  to the  c .20% CV i n  c h rom i u m  

concen t ra t ions wi th in  feed ing levels  and m ay a lso have inf luenced t h e  level of chromiu m 

recovery. 

Diurnal  variat ion in faecal chromium concentra t ion was not significant ,  unl ike that  recorded for 

other me thods  of Cr203 adm inis t ra t ion (Raymond and Minson 1955; L ambou rne 1957a, b; 

Langlands et a l .  1963) .  This low variation can be attributed to the continuous release of Cr203 
into the rumen (Pigden and Brisson 1956; El l is et a l .  1981 ) .  However, the variation observed in 

faecal chromium concentrat ion (c .  8% CV) a t  both the two indoor feeding l evels and under free 

grazing conditions is  un l ikely to be completely el iminated ( Lambourne and Reardon 1963) . I t  

compares favourably with t h e  6.2% C V  in faecal chromium concentration recorded by Ell is e t  

al .  ( 1981 )  i n  samples taken a t  two-hourly intervals, over a period of eight h ou rs, from wethers 

fed l ucerne pellets.  This negligible wi th in -day variation in  marker chromium con centration
. 
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means t h a t  f lexible sampl ing rou tines can be adopted .  Tha t  fea t u r.e ,  combined with the 

el imination of daily dosing of animals, wil l  substantially reduce both animal d isturbance and 

labour requirements. 

The problem of low marker  chromium concen trations re la tive to  environmenta l  levels of 

chromium (experienced du ring the grazing diurnal va ria tion study) is less l ikely to occur with 

the commercially available CRC which have a 50-60% higher daily release of chromium because 

of the 65% Cr203 matrix and larger (9.00 mm) orifice (Laby et a l .  1 984 ) .  

These experiments have demonstrated tha t, i n  sheep, CRC plunger travel is consistent across a 

range of feeding levels and herbage types under indoor feeding conditions. In the next Chapter 

the effect of different pa t terns of pasture intake, representing alternative grazing management 

practices, on plunger travel is investigated. 
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CHAPTER FOUR 

EFFECT OF DIFFERENT GRAZING SYSTEMS ON 
THE RELEASE OF CHROMIC OXIDE FROM 

INTRARUMIN AL CONTROLLED RELEASE CAPSULES IN SHEEP 

I NTROD UCTION 

The re lea se ra te  of  Cr20 3 f rom i n t ra rum ina l  con t rolled release capsules (CRC) in sheep is  

l i t t le  affected by d ifferen t herbage types and feed ing leve l s  u nder  ind ()Or feeding cond it ions 

(Laby e t  a l .  1 984; Chapter Th ree ) .  H oweve r ,  the m a in a ppl ica t ion of CRC wi l l  be in  an imals 

that  a re g ra z i ng a t  pasture o r  range browsing .  In these env i ronments a n i mals  are  physica l ly 

more act ive and a rc exposed to  a more var iable c l imate  than when h oused i ndoors (Ra t t ray 

1986) . Dai ly feed intakes may be 10 to 709c. h igher (Coop and Drew 1963; Joyce 1968) and a lso 

more va riable  between days than under indoor cond i t ions .  For exam ple ,  in  s i tuat ions where 

rota t ional  grazing is be ing pract ised, ewes may at ta in ad l ib i tum in takes on the  f irst  day of a new 

pasture b reak but by the end of the  planned graz ing pe r iod in takes  may he well  below those 

requ i red for ma intenance (Sheath 1982).  Such ext remes in  feed intake could affect the pattern 

of Cr203 excret ion in  the faeces ( Raymond and Minson 1955; La mbourne 1957b) and influence 

the ra te of Cr203 re lea se t h rough changes in the i n te rface between the capsule orifice and 

rumen contents .  The purpose of the experiment described in t h i s  Chapter was to evalua te t he 

performance  of c h ro m i u m  C R C  in  sheep subjected to  a range  of pas ture  cond i t i ons under 

different  graz ing ma nage m e n t  sy s tems. The expe r imen t  a l so prov ided t h e  opportun ity to 

determine whether the rumen presence of CRC affected volun ta ry herbage intake.  

MATERIALS A N D  M ET H O DS 

Experiment 3 

Pastures 

Three 0.25 ha  plots of predominan t ly ryegrass · white c lover pastu res a t  Massey University's 

Sheep and  Beef C a t t l e  Resea rch U n i t  w e re prepared  ove r  a 6 week period prior to the 

commencement of the expe rimen t i n  May 1986. These were designed to reflect the range in 

pasture conditions under which CRC were l ikely to be used in New Zealand. The three pastures 

were classified by al lowance and grazing managemen t as : 

H = High allowance ( > 7.5 cm pasture height) ,  continuously grazed. 

L = Low allowance ( < 3.0 cm pasture height), continuously grazed. 

R = On-off grazing a high dai ly allowance, with sheep restricted to 4 hours grazing per day 

on pastures exceeding 7 .5 cm in height. 
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Pastu res on t he  t r i a l  a rea  were  mowed to  a he ight of 5 . 0  cm i n  l a te  Februa ry and t he  surplus 

stem material  was removed by a forage harvester .  P lots were subsequent ly grazed by ewes to 

crea te the req u i red swa rd cond i t ions .  

Animals  

Twen ty 8- month-old Romney rams were eartagged,  f i t ted w i th faecal col lect ion harnesses a nd 

al located to one of fou r groups of 5 an imals (balanced for l ivewe igh t )  before the i r  i n troduct ion 

to pastures adjace nt  t o  the exper imen tal plots.  Two days la ter  (d 0) a si ngle ch romium CRC 

(65% chromium matrix, <i . 1  cm  core, 9.0 mm orifice, Mark l l  wing design) was admin iste red I ll 

each sheep in three of t he groups us ing a lubricated flexible rubber tube to  release the CRC a t  

the  thoracic in le t .  

Grazing of the  exper imental  pastu res commenced on d 3 when grou ps of ra ms were a l located t o  
plots as fol lows;  group I to L,  group 1 1  to H and group I l l  t o R .  Rams in  t he  fou rth (cont rol )  

group ( IV) ,  wi th no CRC fi t ted, were grazed wi th  group I l l .  The groups grazed each  pasture 

t reatment  for a period of 7 days, w i th  total faecal collect i ons by bag being made at 0900 h on 

days 5-7 . On day 7, rec tum g rab s imples were also taken at 0830, 1230 and 1 6:;0 h. Thereaft er  

the groups were rotated a round each of the plots over a period of  2 1  days  i n  a 3 x 3 Lat in  Square 

design .  Rams were weighed at  0900 h (unfasted) a t  the commencement  and  end of each graz ing 

period.  Ani mals were d renched wi th  Yalbazen ( M S D  Agvet ,  Auck land)  for internal  parasi t e  

con trol  a s  pa r t  of t h e  normal  th ree-weekly drenching progra m m e  o n  d 1 0 .  Faecal bags were 

f i t ted and adjusted over a 24 hou r  fami l i a r i sa t i on pe r iod p r io r  to the first three day faecal 

co l l ec t i o n .  T h e  f i r s t  r e co rded  d a i ly faeca l  o u t p u t  t he ref o r e  c o m m en ced 7 d a y s a f t e r  

administrat ion of the C R C  by wh ich stage Cr2o3 was expected to have reached a steady s ta te  

concen t ra tion i n  the  faeces ( El l i s  e t  a l .  1 98 1 ) .  The to ta l  da i ly f resh we ight of  bagged faeces was  

recorded for each sheep before du plicate sam ples of c.  100 g were taken for  DM determinat ion .  

These were oven dried a t  80°C for 72 hours to a constan t  weigh t .  A 20 g subsa mple  of the dried 

faeces was retained for chromium ana lysis. 

At the end of the 2 1  day graz ing experiment faecal collection harnesses were removed and the  

rams were grazed as a single group for  5 days on a high pasture al lowance (pasture height > 5.0 

cm) prior to their slaughter at  a local meatworks. CRC were recovered from the 15 t reated 

animals  with in 10  minutes of slaughter and plunger d isplacemen t  since insertion was measured 

to 1 .0 m m  by dial callipers (Mitutoyo, Tokyo) . 

Companion measurements of CRC plunger travel were made twice-weekly on CRC from the 

same manufacturing batch fitted in 5 rumen-fistulated wethers. CRC were suspended into the · 

rumen by nylon string attached to the cannula plug and were removed from the rumen for only 
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1-2 m inutes  a t  each measurement date .  The fistulated animals were grazed separa tely from the 

rams on a nearby swa rd wh ich  was 4.0-5.0 cm in height and of similar botanical composi t ion to  

the main t rial  a rea . 

Pastu re measureme n ts 

Pasture  mass and sward he igh t were measured on the  first and last  day of each 7 day grazing 

period . H erbage from six 0.25 m2 quadrats, cut t o  ground level w i th an electric handpiece i n  

each p lot ,  w a s  washed to re move soil con tam ina t ion  a n d  oven dr ied a t  80°C for 24 hours to  

determine pasture d ry ma t t e r .  H e ight measurements,  taken on  t he  s ame  day a s  t he  herbage 

cuts, were based on 25 Ell inbank Pasture Meter Readings ( E P M ;  Earle and McGowan 1 979) . 

The botan ica l  c o m pos i t ion  of the sward was  a s se ssed a t  the  com mence ment  of the trial by 

segreg a t i n g  h a n d - p lu cked  sa m p le s  f rom e a c h  p lo t  i n to  grasses ,  c l overs ,  weeds and  dead 

m a t e r i a l ,  and d e t e r m i n i n g  t he i r  re l a t ive  DM c on ten t s . H a n d - plucked herbage sa m ples  

correspond ing t o  m a t e r i a l  c o n s u m e d  by the  ra m s  were co l l e c t ed  f rom each  p lo t  a t  the  

com mence ment  of  grazing periods for  determinat i on of i n  v i t ro  d igest i bi l i ty by the method of 

Roughan and Holland ( 1977 ) .  These samples were oven dried a t  80°C for 24 hours and ground 

through a 1 .00 mm mesh pr ior to be ing were assayed i n  dupl icate against standards consist ing of 

six herbage sa mples of known in vivo digest ibi l i ty collected from wether sheep fed indoors. 

Chromiu m a nalysis  

The chromium concentration in both the da i ly sub-sam ple of faeces collected by bags a nd the 4-

hourly rec tum grab sam ples on day 7 of each grazing period was determined us ing the method 

described in  Chapter Two. Faeces collected from group IV were used to  make up standards to 

correct for environm en tal chromiu m .  The i nt ra-a ssay coeff ic ient  of  variation (CV) was 1 .2% 

and the i n ter-assay CV 3.9% The recovery of chromium from t he  faeces was calculated as 

outlined in Chapter Three. 

Stat ist ical  a nalys is  

Analysis of variance was used t o  com pare treatment effec t s  on capsule rate of plunger travel in  

the capsules. Coefficients of  variation and simple correlations (r) were calculated for  within

day est imates of faeca l  chromium concentra tion and  between alternat ive faecal  sampling 

routines, respectively.  Dun can 's multiple range test was used to compare mean estimates of 

faecal output for d ifferent t imes of rectum grab sampling. Faecal outputs of group Ill  and group 

IV rams were ana lysed by a spli t -plot model which included main effects for group, sheep 

within group, treatment and interaction terms (Gill 1988) .  The effect of liveweight was removed 

by covariance prior to testing group differences using sheep within groups as the error term.  
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RESULTS 

Sward  Condit ions 

Changes i n  swa rd charac terist ics and herbage digestibi l i ty during the tr ia l  are summarised in 

Table 4.1 .  Pasture height  and mass declined over the tr ia l  on each of the plots. The a mount of 

dead m a terial  in the  L swa rd, as assessed visual ly ,  decreased during the t rial .  This probably 

exp la ins  both the dec l ine  in h erbage d ry maller  content  and the increase in  in  .Y..i.1m OMD 

values. I n  a ddi tion t he  c lover content of t he  H and  R swards was  substan tial ly higher t han  that  

of the L trea tment .  

Table 4.1 Sward condit ions during experiment 3.  Measurements made on days 3, 11 and 18 
correspond to the commencement of periods 1 ,  2 and 3 respectively . Samples collected on d 25 
correspond to the end of period 3.  

ParaWieter 

Pasture aass 

(kq DM/ha ) a  

Pasture heiqh� 

( c:a ) b  

Dry aatter content 

( \ )  
Pasture co•position 

( \  OK) 
- qrasaes 

- clovers 

- veeds 

- dead 

L 

1 0 3 4  

5 . 0  

4 1 . 7  

6 0 . 7  

2 . 8  

1 . 3  

3 5 . 1  

!.!l !1S:2 diqestibili ty ( \ )  

d 3 

H R L 

3046 3164 557 

1 3 . 0  1 4 . 0  3 . 8  

1 5 . 7  1 7 . 6  4 1 . 3  

70 . 9  74 . 7  

20 . 7  15 . 8  

2 . 3  1 . 9  

6 . 1  7 .  7 

Day of aeasurel'tent 

d ll d 18 d 25 

H R L H R L H R 

2533 2558 575 1877 4 1 2  1517 1 8 2 2  

1 2 . 0  1 2 . 1  3 . 0  9 . 0  1 1 . 0  3 . 0  9 . 2  1 1 . 0  

1 7 . 6  1 8 . 1  20 . 0  1 7 . 5  20 . 0  2 0 . 0  1 6 . 0  1 6 . 0  

58 . 39 7 2 . 1 2  70 . 69 6 3 . 38 6 8 . 37 7 0 . 3 7  66 . 97 6 5 . 66 6 9 . 1 4  67 . 9 5  6 5 . 30 61 . 19 

DOKD 4 9 . 4 2 6 2 . 9 6  6 2 . 04 53 . 91 59 . 8 2  6 1 . 65 57 . 86 57 . 38 6 0 . 29 51 . 51 56 . 68 59 . 89 

Ash 2 1 . 75 1 2 . 51 1 1 . 92 1 9 . 13 1 2 . 62 1 2 . 00 1 5 . 25 1 3 . 53 1 3 . 26 15 . 34 14 . 8 3  1 2 . 21 

3Mean of 6 quadrats per plot. 
bMean of 25 EPM readings. 

Plunger Travel and Chromium Release Rate 

All the CRC were recovered at slaughter and, except for one sheep in group 1 in which total 

plunger travel was only 8.00 m m ,  plunger displacement ranged between 17.5 and 23.3 m m  

(Table 4.2). Chromium release rates were on average higher ( P  < 0.05) in group I animals which 

com menced on the L sward,  bu t  within-group CV in plunger travel was greatest (8.84%) in 

group II animals. 
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Table 4.2 Sheep liveweights, CRC plunger travel and average daily chromium 
release rates, experiment 3 .  Figures in brackets are CV (%).  

Treatment sequence 
Initial Liveweight (kg) 
Plunger travel (mm) 
Average travel (mm/d) 
Chromium release (mg Cr /d) 

I 

LRH 
39. 1 ± 0.3 
22.3± 0.3a 
0.78± 0.01 
1 11 (3 .16)b 

G roup 
11  

HLR 
39.2± 0.5 
19.9± 0.8 
0.70± 0.03 
99(8.84)c 

aone outlying CRC excluded 
b,cMeans with different superscripts are significantly d ifferent at P < 0.05. 

I l l  

RHL 
38.9±0 . 1  
20.0± 0.7 
0.70± 0.02 
99(7 .50)c 

CRC plunger travel in the fistulatcd wethers (c.  65 kg l iveweight) over the same 29 d period was 

11% slower (0.65 ± 0 .03 vs 0 .  72 ± 0 .02 mm/d, P < 0.05) than in the intact ram hoggets . 

Variabil i ty in plunger travel was slightly greater (CV = 9.4%) in the rumen-fistulated wethers. 

Recovery of Faeca l Chromium 

Chromium recovery, based on the average rate  of CRC chromium release up to  the t ime of 

sla ughter, was significantly (P < 0.001)  influenced by grazing treatment, being lowest when the 

rams were continuously grazed at the. low herbage allowance and h ighest when the H treatment 

was grazed (Table 4.3).  

Table 4.3 Actual faecal output (FO),  faecal ash content, est ima ted OMI and recovery of 
chromium (mean ± sem)  for different grazing treatments, experiment 3 .  

Grazing PO Ash OMib Intakcc Chromium 

Group treatment (gDM/d) (%) (g/d) ( %  Maint) recovery (%) 

L (P1)  205 ± 14  37 320 ± 16 0.25 87 ± 3  

R (P2) 151 ± 15 2 1  392 ± 40 0.46 95 ± 6  

l J  (P3) 293 ± 15 24 639 ± 21 0.71 1 13 ± 5  

ll L (P2) 136 ± 25 33 284 ± 39 0.29 53 ± 4  

R (P3) 149 :: 15 25 338 ± 5 1  0.38 89 ± 3  

H (P1)  305 ± 1 0  1 6  859 ± 28 1 .02 1 13 ± 4  

Ill L (P3) 1 34 ±  15 52 376 ± 3 1  0.33 60 ± 8  

R (P1)  2 15 ±52 21  365 ± 42 0.43 96 ± 5  

H (P2) 289 ± 1 1  1 9  7 17 ± 17 0.80 121  ± 9  

aFive animals per group, except group I where data for one ram lamb with a faulty CRC were 
excluded .  
bEstimated from mean actual faecal output per period and herbage .in Y..itr.Q digestibility values 
for each treatment period. 
cEnergy intake (DMI x DOMD x 16.3) expressed as a proportion of recommended maintenance 
energy intake of 9.5 MJ ME/d for a 35-40 kg hogget (Rattray 1986) . 
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Group mean OMI, estima ted f rom the actual faecal outputs and hand-plucked herbage in vi tro 

digestibility values for t rea tment periods, were much lower than originally planned for the trial 

- part icularly on the L an d  H t reatmen ts .  Only group I I  rams on the H swa rd a pparen t ly  

consumed sufficient pasture to maintain l iveweight .  However, this result is not  compatible with 

the l iveweight records which indicated that liveweights a t  the end of the 21  d grazing trial were 

s imi lar to the weigh ts shown in Table 4 .2 .  O rganic mat ter intake was similar for different 

groups on the same t reatment, except for the L sward during period 3 when very wet ground 

conditions were experienced. The effect of these conditions is evident  in the 52% faecal a sh 

content of group I l l  hoggets during period 3. High levels of soil contamination elevated faecal 

DM output on the L sward relative to the R treatment despite higher feed intakes oecuring on 

the !a l ter. 

A comparison of the ash content of the hand-plucked herbage samples (Table 4.1) and actual 

faecal ash content (Table 4.3) suggests that  visual selection of herbage thought to  have been 

consumed by the rams was d ifferen t to actua l  intake.  The l ower ash content of the in vitro 

digestibil i ty samples impl ies that the quali ty of feed consumed may have been overestimated. lf 
this was the case the feed intakes shown in Table 4.3 would be underestimated. 

Effect  of C R C  on Herbage In take 

Actual faecal outputs in the control hoggets  (group IV) were consistently higher (P < 0 .01)  than 

those of their grazing companions fitted with CRC (group I l l )  on each of the grazing t reatments 

(Table 4.4 ) .  The largest difference of 40% occurred during the final grazing period on the L 

sward .  Faecal ou tputs  for  both groups differed significantly ( P  < 0.001 )  between g ra zing 

trea tments .  M ea n  l iveweights of the groups  at the beginning of each period, f i t ted a s  a 

covariate in the split-plot model, did not differ significantly between the two groups. 

Table 4.4 Faecal outputs (g/DM; mean ± sem) of ram hoggets (n = 5/group) with ( + CRC) 
or without ( -CRC) intraruminal chromium CRC, experiment 3 .  

Grazing Fil�a;ill Q:UliUll 
treatment + CRC - CRC Difference (%)a 

R (P1)  141 ± 17 179± 7 27 
H (P2) 290± 12 348± 8 20 
L (P3) 215±52 3Q2:t;48 1!1 
Mean 215 ± 24 246± 25 28 

aTreatment differences ( P < 0.001)  and differences between groups on each treatment (P < 0.01 )  
were significant .  
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Within-Day Varia t ion i n  Faecal  Chromium Concentrat ion 

Faeca l ou tpu t s  derived from the  concentra t i on of  Cr in rec tum grab samples col lected a t  0830. 

1200 and 1630 h on the final day of each g razing period a re shown in Table 4.5. These values a re 

compa red wi th  the faecal ou tpu ts  es t ima ted from a sub-sa mple of faeces taken from the 24 h 

total  col lect ion and ac tua l  faecal  out pu t s  on the day of sam pl ing.  Actual  faecal outputs  were 

genera l ly poorly predicted because of the incons is tent  recovery of chromium a t  the different 

feed ing levels (Tah le  4 . 3 ) .  The mean w i t h i n -day CV in  chromium concentrat ion in the grab 

samples  ob ta i ned at mno, 1200 and 1 630 h was 8 . 5% .  No c i rcad ium rhythm in  chromium 

concen t ra t ion was  eviden t .  Var i a t ion tended to he  h igher when the rams  were grazing on the  L 

swa rd . It wa s also more diff icu l t  to  obtain a rectal sa m ple f rom ani mals whi le on th i s  t rea tment 

and, i n  33% of the cases ,  on ly one or two of the pl a n n ed th ree sa m ples  per a n i ma l  were 

col l ec ted .  Th e i r regu l a r  pa t t e rn of i n t ake  on the  R t r ea t men t ,  re la t ive to  :24 h con t inuou s 

grazing,  was  not  refl ec ted in  i n c reased d i u rna l  va r i a t i on  in  ch romium concen t ra t i on .  The 

overall  correl a ti on between the mean grab sam ple and the 24 h est imates of faecal ou tpu t  was 

0.95. This value includes between-assay e rror because 24 h sam ples were assayed sepa rately. 

Ta b l e  4 . 5  Faeca l  o u t p u t  (g  D M /d ;  m ea n ±  se m )  e s t i m a ted  f rom the concen t ra t ion of 

ch rom ium in rec tum gra b  sa m ples a t  0830, 1 200 and 1 630 h and a sub-sample of faeces (24 h) 

t a k e n  by t h e  t o t a l  co l l e c t i on of faeces  ( a c t u a l )  on t h e  f ina l  day of each grazing period, 

exper iment  3.  

F a e c a l  o u t p u t  

S a m p l i n g  t i m e  0830 h 1 23 0  h 1 63 0  h 

Group I Period l ( L )  245 :!: 29 tS9 ± 5 3 1 68 ±  7a 

(n = 4 )  2 ( R )  1 1 9 :!:  6 1 27 :!:  6 1 1 9 :!: 6  

3( 1 1 )  228 :!: 1 1  307 :!: 54 2 1 3 :!: 7  

Group 1 1  Period ! (H)  2 7 1 :!: 1 0  267 :!: 7 273 :!: 1 8  

(n  = 5 )  2(L)  1 82 ± 93 2 1 6 :!:  1 2  2 1 9 :!:  153 

3 ( R )  1 54 :!: 1 1 3 1 1 6 :!:  1 2  1 5 9 :!:  10 

Group Ill Period I ( R )  1 2 1 :!: 1 1 1 15 :!:  1 0  1 14 :!:  1 2  

( n  =5 )  2(L)  266 :!: 35 272 ± 29 265 :!: 28 

3( H )  3 5 2 :!:  32 357 :!: 35 399 ± 1 1 3c 

asamples were not  collected from a l l  an imals  a t  these times. 
bsamples were not assayed. 

24 h A c t u a l  

222 :!: 1 7  1 74 :!: 34 

-h 1 26 :!: 9  

276 :!: 1 6  302 :!: 1 4  

25 7 :!:  1 2  272 ± 33 

-h 1 22 :!:  1 1  

156 :!: 1 1  1 7 6 :!:  1 2  

123 :!: 1 1  103 :!: 24 
265 :!: 4 2  3 1 3 :!:  20 

298 :!: 22 204 :!: 4 8  

cThe difference between 1630 h and 24 b mean est imates was significant a t  the 5% level . All 
other differences between 0830, 1 200, 1630 and 24 b estimates were non-significant .  
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The rel iabil i ty of a single da ily rectum grab sample (0830 h ) ,  collected over a three day period, 

for est imat ing average da ily faecal chromium concentration was also assessed. The mean three

day 0830 h reading (x )  was  h ighly correl a ted ( r = 0.97) wi th ,and not  sign if ican tly d iffe ren t  

f rom,  the  c orrespond ing 24-h ( y )  chromi u m  d e t e r m i n a t ions  ( y  = - 0 .33 + 0 .95x ) .  The  

correlation between the  chromium concentrat ion for individual animals on  a single day and the 

three-day mean va lue  ra nged from 0.87 to 0 .96. Est ima tes of faeca l chromium levels a re 

the refore more reliable if grab sampling is mainta ined over several days. 

D ISCUSS I O N  

This trial ,  the first with chromium CRC a t  Massey Un iversity under pastoral grazing conditions, 

has iden tified several aspects of capsule performance which require fu rthe r investigat ion . The 

most serious concern is the a pparent  depressing effect of CRC presence on herbage intake. 

Al though there were only five an imals in each group and the va ria tion in faecal output between 

animals was high on the L t rea tment ,  the consistently higher outputs in the control rams on each 

of the trea tments suggest that this d ifference is rea l .  Depression of faecal output could have 

occurred ei ther because of physica l d iscomfort to the an imal ca used by the CRC or because 

some com ponent of the chromium carrier mat rix modified rumen activity. These factors were 

invest igated in trials described in the next Chapter.  

A second aspec t  of concern  i s  t h a t  recovery of faecal  chromium was related t o  herbage 

al lowance.  Val ida t ion  of the chromium assay (Cha pter Two) has shown that differences in 

faeca l ash content a rc un l ikely to have contributed to this d ifference. The remain ing possible 

causes a rc therefore non-uniformity of plunger d isplacement or changes in the rate of rumen 

turnover and hence rate of passage of faeces and chromiu m to the anus (Kameoka et a l .  1955; 

Lambournc 1957 ; Moran et a l .  1987 ) .  Both of these could result from marked changes in feed 

intake. In this respect the trial design of seven day t reatments and a 4 day adjustment period 

before col lec t ion of faeces at the new f ceding level proba bly provided insufficient time for 

chromium to adjust to a new steady state in the faeces, especially when the animals were shifted 

to the L sward (Corbet t  et al. 1960) .  This suggests that  if d ifferen t feeding levels a re to be used 

within the l ife of a CRC, an  adequate adjustmen t period, corresponding to the magnitude of 

change in feed intake , should be a l lowed for before faeca l sampl ing at each new feeding level.  

Lambourne and Reardon ( 1963) sugges ted 2-4 days was necessary to  al low Cr to reach a new 

steady state for twice daily drenching with chromic oxide 

The very low feed intakes for the L sward (0. 19-0.25 M) ,  in  particular, may have modified the 

rumen environment (Faichney 1980) and reduced the rate of matrix extrusion. It is  notable tha t  

average p lunger travel was faster and  less variable in group I animals which were exposed to  
less nutritional stress while on the L sward. The pattern of chromium recovery relative to the . 
pasture mass grazed and the 1 1 %  lower rate of plunger d isplacement in the rumen-fistulated 
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animals also support the view that  rumen condit ions  could modify CRC performance. 

The p resence of ha rnesses and faecal co l lec t ion bags, as well as the CRC, is l ikely to  have 

con t ri bu ted to the  lower than  p lanned O M I  ( Hu tch inso n  1959) .  Although the seven day 

adjustment period for ha rnesses was probably adequate, the 24-hour familiarisation period for 

bags prior to  col lec t ion may have been i nsuff ic ient .  I t  may also have been more effective to 

have had t he an ima l s  fit ted wi th collection bags th roughout  the three grazing period s, rather 

than using the "th ree days off - four days on" sequence. Emptying bags once- ra ther than twice

da ily may have con tr ibuted t o  the depressed in takes, par ticula rly on the high-allowance set 

stock t reatmen t .  N o  estimate of the loss of faecal material from collection bags could be made, 

a l th ough v i s ua l  checks  of the swa rds ind ica ted that this was minor. These results therefore 

support the assert ions of previous researchers ( Meijs 1981)  that  ha rnesscs and f accal collection 

bags a re not a sat isfac tory method for est imat ing herbage i n takes wi th  the possible except ion of 

studies which arc of a short durat ion.  

Despite the possibil i ty that CRC performance may have been com prom ised by the low levels of 

feed i n take , w ith in -day variat ion in faecal chromium concentrat ion was low (CV = 8.5%) and 

without  an apparen t  c i rcadian rhythm.  This compares favourably with results reported by Ellis 

et al .  ( 19�U )  for chromium CRC and i s  simi la r  to  the levels of d iurnal var ia tion achieved when 

Cr20 3-imprcgnated paper is drenched twice da ily (Langlands et  al. 1963a) .  This l ow level of 

diurnal varia t ion faci l i tates a flex ible once-da ily faecal sam pling routine for the est imation of 

faecal chromium concentrat ion . 

In i t ia lly i t  was thought  that  CRC chrom i u m  release ra tes  for in take studies could be taken 

directly from the measurement s  obtained from CRC in fistula ted an imals .  Although the rumen

fistulated wethcrs in  this experiment did not graze the same swards  as, and were both older and 

heavier than, the rams lambs the 1 1% d ifference in  rate of plunger t ravel between the rumen

fistulated and i n tac t  an imals i s  sufficiently large to  question the reliabil ity of this method of 

estimating CRC chromium output .  The slower and more variable rate of chromium release i n  

the fistula ted wethers could b e  explained by the combined effects  of removing t h e  CRC from 

the rumen env i ronm ent for measurement  and the d iffe rent gaseous conditions of a fistulated 

rumen (Laby 1986) .  

I n  conc lusion th i s  t r i a l  has iden t if ied several possible deficienc ies  of CRC under pastoral  

grazing. However,  the experimental design is l ikely to  have either caused or exaggerated some 

of the  responses obse rved . Fur ther  t r i a l s  to quan t ify t h e  effec t s  of CRC on feed in take 

(Chapter Five) and of  feed intake on chromium release rates (Chapters S ix, Seven a nd Eight )  

were therefore carried out. 
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CHAPTER FIVE 

EFFECT OF ADMINISTRATION AND RUMEN PRESENCE OF 

CHROMIUM CONTROLLED RELEASE CA PSUL ES (CRC) 
ON H ERBAG E INTAKE 

I N TR O D U CT I O N  

Est ima te s  o f  the m ea n  in take  o f  a flock o f  sheep in  a pa s tora l  grazing sit ua t ion could be 

obtained indirect ly by tak ing a sequence of faeca l grab sa mples  from a represen tative sub-grou p 

of the fl ock f ined wi th  ch rom i u m  CRC (El l is  e t  a l .  1 9S l ;  Laby et a l .  1 984) .  An assu mpt inn 

implicit in this approach is that the capsu le- treated an ima ls  cont inue to behave in an identical 

m a n n e r , w i th  respec t  to i n t a k e s ,  to the re m a i n der  of t h e  f l oc k .  H owever , resu l t s  fr Llm 

exper iment  3 ( sec Cha pter  Fou r) ,  where the mean faecal d ry ma l ! e r  output  of S -mon th ram 

l ambs dosed wi th ch romiu m CRC was sign ifica n t ly lower t h an  tha t  of a comparable group 

without CRC, suggests that the rumen presence of CRC may depress intake.  Further evidence 

that CRC may modify sheep performance was found in a Nonhbnd t r ial where lower growth 

rates were recorded in CRC-t rea ted lambs than in  un treated an ima l s  (20-35 kg l ivewcight )  in 

the i n i t i a l  per iod a f te r  capsu le  a d m in i s t ra t i on (Ven n i ng 1 9�6 ) .  I n  a m ore ser ious case a 

proport ion of lambs ( < 25 kg l iveweigh t) in a Wai rara pa an thelmin t ic t r ia l  died as  a result of 
CRC damage to the reticulum (Anon.  1986) .  

Depressi on in vol un t a ry in take c ould occu r a s  a resu l t  of  physica l  injury to  the th roat and 

oesophagus during CRC admin is t ra t ion, f rom CRC irri ta tion to  the ru men and reticulum wal l  

l inings, or because a component of the CRC matrix acts t o  modify rumen digestion . Some of 

these responses may be dependent on the l iveweight of the t reated animal .  The effect of CRC 

on feed in take ,  feed d igest ib i l i ty a n d  faecal ou tpu t  in sheep of a range of l iveweight s  was  

therefore investiga ted in  two experiments described in th is  Chapter.  The  fi rst experiment was 

conducted indoors using a relatively homogeneous feed, whi le  the second was carried out  under 

pastoral grazing condit ions .  The indoor experiment also provided the opportunity to assess the 

accuracy with which vo lun ta ry herbage in take  could be predicted from the concent ra tion of 

marker chromium in  the faeces because both feed intake and faecal output were recorded . A 

comparison of the effect of a l ternat ive me thods of prepa ring faecal sa m ples for assay on the 

recovery of chromium i s  also reported. 
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MATERIALS AND M ETH ODS 

Experiment 4 

Twenty eight -month-old Romney rams,  with 24-hour fasted l iveweights ranging from 26-47 kg 

(37 .7 ± 1 .6 kg; mean ± se m )  were in t roduced to indoor f ced ing condit ions in metabolism crates . 

Lucerne chaff was offered a d  l i b i t um  for a prel i m inary ad jus tment  period of 7 days un t i l  

consistent da ily in takes were achieved. Feeding, and  weighing of refusals and  faeces, occu rred 

once-da ily at a pproximately 0900 h. 

After the adjustment  period the ra ms were reweighed and d ivided into two groups of 10, each 

with a s im ilar mean and range or l iveweigh t .  Dai ly feed in takes and faecal outputs for ad l ib i t um  

al lowances ( 10- 15% of in i t ia l  a l lowance remain ing as refusals) were then recorded for a peri lJd 

of 8 days (pe r iod 1 ,  d 0 to d 8) . One chro m i u m  c a psu le  (65% Cr203, 3.0 cm pressed table t  

mat rix, 9.00 m m  orifice, Mark 11 design ) was  adminis tered to  each an imal  in one group of 10 

rams  on day 9, and feed in takes and faecal outputs for both groups were measured for a furthe r 

10  days (pe riod 2, d 9 to d 1 8) .  

Four rams covering a range of l iveweigh ts  (29.5-49.5 kg) from the ca psule - treated group w<.:rc 

slaughtered a t  the end of period 2 .  The oesophagus and rumen wall l in ings were inspected for 

evidence of physical da mage and the capsules recovered to measure the magni tude of plunger 

t ravel since insertion . Dupl icate samples (c . 1 00 g)  of the feed offered were oven  dried a t  SOll 

for a 24 h period to de termine the feed d ry mat ter  content each day. The dry matter content nf 

feed refusals was determined from a single sam ple (c .  lOO g) collected from each sheep da ily and 

dried in  the same manner as  desc ribed above .  Daily feed in takes (Dl'vl l ,  g/day) were calculated 

as the d iffe rence between DM offered and OM refused. 

The total fresh weight of faeces was recorded each day. Two sub-samples (c. lOO g) were taken 

after thorough m ix ing and oven dried at 80°C for a period of 72 h to determine DM con ten t .  

Faeca l  DM output per day was ca lcula ted as  the product of the wet weight of t he  faeces and 

their DM content. The d igest ib i l i ty of the feed DM was then determined from the equation: 

Digestibi l i ty (%) = In take (�/d) - Faecal ou tput (I: /d) 

Intake (g/d) 
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Three methods of preparing faeces for estimating mean chromium concentra tion (mg/g DM) 

over a 5-day period (d 14- 18) for individual animals were compared. These were: 

Da ily-M 

Bulk-G 

Bulk- 1  

Duplicate intact faecal samples ( 1  g DM/d)  were analysed for  each day of 

faeces col lect ion .  The predic ted da ily faecal  outputs were then summed 

across days to derive a mean 5-day faecal output .  The daily predicted faecal 

outputs for ind ividual  an ima ls  were a l so  used to est imate intakes within 

days. 

Dried faecal samples (2 g D M /d) were bulked over the 5-day period and 

grou nd th rough a 1 .00 mm sieve ( Crans ton .  England) . After  t horough 

mixing, duplicate samples ( 1 .0 g )  were assayed for chromium content and a 

mean faecal output was der ived. 

Dried faeces ( 1  g DM/d)  \Vere bulked across the 5-days and ashed intact .  

The e n t i r e  a s h  res i due  f o r  the 5 . 0  g f aeca l  s amp le  was a n a lysed for 

c h romium and an average chromium concentrat ion was derived for each 

an imal .  The same procedure \Vas used to form a com posite sample for a 3-
day pe r iod (days 16 ,  1 7  and IS)  to test the  effect  of a reduced sa mpling 

period. 

The recovery of chromium (calcu la ted as described in Ch a pter  Three) was expressed as a 

percentage of the average da ily release ra te of chromium from the capsules recovered by 

sla ughter .  D a ily faeca l  ou tpu t s  were predicted from faecal  chromium concentrat ions and 

compared wi th  ac tua l  ou tpu t s  for t he  last  5 days of the treatment per iod.  Predicted dai ly 

in takes were derived by d iv id ing faecal DM output  by the average DM digest ibi l i ty of the 

lucerne chaff over the same 5 day period. 

Experiment 5 

Experiment 5 was conducted a s  a result of the findings in experiment 4. Thirty-two rams ( 12 

months old) with fasted (24 h )  liveweights ranging from 26 to 46 kg (39.5± 1 .1  kg) were shorn, 

drenched with Nilverm ( Coopers, Wellington) and fitted with faecal collection bag harnesses on 

August 14, 1987. They were then introduced to ill! l ibitum feeding conditions on predominan tly 

ryegra ss-white clover pastures on the trial grazing a rea for a period of 8 days to a llow rumen 

adaptat ion to the feeding conditions and to familia rise the a nimals with the harness equipment. 

Faecal collection bags with plastic bag liners were f itted for the last 2 days of this period. 
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The rams were weighed off pas ture a t  0900 h a t  the commencement  of the pre- trea tment  

collection period (period 1 )  and  a pproximately paired for l iveweight to form two groups of 16  

animals .  Total faecal collections then continued once daily a t  0900 h for 8 d .  At t he  end of this 

period the sheep were reweighed  off pas tu re (0900 h )  and a single OS chrome C R C  was  

administered to  each animal of one  group (capsule- treated , CRC + ) to commence the  treatmen t 

period of 20 d ( pe r iod 2 ) .  Pa ired an ima l s  n o t  trea ted wi th  CRC formed the control group 

(CRC- ) .  

T h e  ca psu les  con ta ined  12  m m  (2  t able ts )  o f  6 5 %  Cr203 ma t rix a n d  1 8  mm (3  pel le ts )  o f  

sucrose, b u t  h a d  the  sa me specif i c  gravity as  t h e  commercia lly produced 3 0  m m core 65% 

Cr203 ca psule.  The use of this cus tom-made capsule meant that  any effect of the Cr203 matr ix 

per se on a n ima l  performance  c ould be mon i t ored from about day 12 of period 2, when the 

Cr203 - conta in ing tablets wou ld  have expired. 

Twice -da i ly col lec t ions of faeces  (c. 0900 and 1 600 h) commenced on d 3 of period 2 when 

harness sores be ca me apparent  on some an imals .  These were trea ted with zinc cream and, with 

add i t iona l  foa m rubber  padding f i t ted under  the ha rnesses, c lea red up within 2 to 3 days .  

Period ic t reatment  of an imals  fo r  th is condit ion was  required fo r  t he  remainder o f  t he  trial but 

had no a pparent effect  on da ily faecal output .  

The rams were also weighed a t  0900 h off pasture on d 8, 1 5  and 20 of period 2. Pasture heigh t 

on the grazing a rea was  measu red a t  2-4 d i n t e rva ls  using an Ellenbank  Pastu re Meter (50 

readings/paddock;  Earle and McGowan 1979) .  The pastu res grazed were mainta ined within the 

height range 5.4 to 12. 1 cm ( 1 1 00 t o  2400 kg DM/ha ) ,  to ensure that the rams could maintain 

maximum intakes ( During et al .  1980) .  

Five an ima ls  were slaugh tered, two on d 12  of per iod 2 fol lowing a sharp decline in faecal 

output  and  l ivewe igh t ,  and th ree at t h e  com ple t ion of the  t r ia l .  The two sheep in i t i a l ly 

slaughtered, and one in the latter group, were found to have physical injury to  the oesophagus 

because of a faul ty CRC applica tion procedure, but no capsule damage to the reticulum or the 

rumen was found in a ny of the slaugh tered sheep.  However, the in i t ia l  s laugh ter resul ts  

prompted  the  runn ing of a second t r i a l  to inves t iga t e  whe ther  the m e thod  of capsu le  

adminis tra tion affected faecal  ou tpu t .  The  cont rol  group (n = 16 )  was therefore paired for 

l iveweight at the end of period 2 to form two groups of 8 animals. One group (D + ) was dosed 

in the n ormal manner, but without releasing the capsule into the rumen. This mock insertion 

involved placing the capsule down the oesophagus to the thoracic inlet, while the animal was in 

a standing position. The rubber tubing was lubricated prior to  each administration. The second 

group (D-)  was untreated. Total faecal outputs of the D+ and D- groups were measured for a 

further period of 7 d .  The animals were weighed a t  0900 h at the commencement and end of thi s  

period. 
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Fresh faeces (bulked across twice-da ily col lect ions) were thoroughly m ixed, weighed and then 

sub-sampled (c .  l OO g) i n  dupl icate.  The sub-sam ples were oven  d ried at  80°C for a period of 72 

hours to mea sure faecal  d ry matter ( O M )  content .  Faecal OM output per day was calcula ted as  

described in exper iment  4. 

S ta t i s t ica l  Analys is  

Data ar ising from dai ly  measurements  of  feed in take ,  faecal output  and  digestibi l i ty in  period 2 

of expe r imen t  4 were subjec ted to  repea ted measures  a na lys i s  t o  tes t  d iffe rences between 

trea tmen t groups and t h e  i n t e rac t ion  be tween group and day of sam pl ing. Mean in takes or 

ou tpu t s  from period 1 were f i t ted a s  cova ria t e s .  He terogene i ty of in t ra-group regressions of 

in t ;J kc  or ou t put  in period 2, on the  corresponding va riables in period 1 ,  was tested according l \l 

the procedure of Searle ( 1 97 1 ) .  Sta t i st ical ana lyses were conducted us ing the 'REG'  s ta t i st ica l  

pacbge (G i lmour  1 985) . Data from two sheep,  which exhibi ted severe scou ring du r ing period 

1 ,  were e l im i na t ed a s  ou t l i e rs accord ing to  the  proced u re nf Snedecor and Cochran ( 19(>7 ) .  

Remova l  of these i nd iv id ua l s  had  the  effect of m a k ing the  tes t  o f  grou p d iffe rences more  

conserva l ive .  Da la  from the  eh rom i u rn ana lyses were sub  jccted to regression �malysis (S  PSSX 

19S3) .  Ou t l ier  values were iden tif ied by their  l'vla halanobis and  Cook ' s  d is tance values ( Norusi�  

19S5 ) .  

Da ily faecal  ou tpu t s  in period 2 of  experiment  5 were subjected to repeated measures analysis 

as descr ibed for experiment  4.  Three sheep from the capsu le- t reated group with damage to the 

oesophagus were e l im ina ted as  out l iers a ccord ing to the proced u re of Snedecor and Cochran 

( 1967) .  One sheep, int rod uced a s  a replacement  for  a death in the CRC + group ,  was excluded 

from the repeated measures analys is  because of missing obse rva t ions during the f i rst 5 days of 

the  p r e - t re a t m e n t  per iod (Co l e  a n d  Gr i z z l e  1 966) . The repea ted  measures  ana lys i s  was  

therefore performed wi th 1 6  and 12 an imals  i n  the CRC- and CRC + groups respectively. 

The same stat ist ical analysis  was a ppl ied to the . .  method of capsule appl icat ion" t rial  ( i .e .  D + vs 

D-) ,  but  wi th  faecal outpu t s  from the last 5 days of period 2 used as a pre-t rea tment  cova riate .  

Liveweigh ts  on d 15 of period 2 were also f i t ted as  a covaria te .  
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R ES U LTS 

Exp e ri m e n t  4 

Faecal ou tpu t  and  feed i ntake 

Mean intakes, digestibilitics and faecal outputs for the 8- and 10-d treatment periods are show1 

in Table 5 . 1 .  Relative to mean feed intakes in period 1, the intakes of the sheep in the contra 

group increased more than in the capsule- treated group during period 2 ( 101  vs 35 g/day) .  Thi 

difference was signif icant  ( P < 0 . 10) after correcting for period 1 mean intakes and l iveweigh t 

Sheep with high intakes in period 1 retained their h igh intakes in period 2 i rrespective of group 

However, the mean intakes of animals in the capsule- treated group were 7 1  g lower in period : 

(P < 0.10) than those in the con trol group. Treatment with capsules therefore reduced intakes ir 

period 2 by an absolu te  a m ount  across the intake ( l ivewcight) range, ra ther than having ar 

effect proportional to period 1 intake ( i .e .  proportional to l iveweight ) .  

Table  5 .1  Eff ee l  of rumen presence of chromium controlled release capsules on livewcight ,  

feed i n t ake ,  feed d ige s t i b i l i ty and faeca l  ou tpu t  in capsu l e - t reated and control groups,  

experiment 4 .  

Control  (CRC-) Capsule (CRC + )  Sig n .  

Number  of animalsa 9 9 
Liveweight (kg) 34.8 ± 2.2 38.3 ± 2.7 
Feed intake (g/d) 

- Period 1 1 188 ± 53 1 183 ± 95 NS 
- Period 2 1289 ± 59 1218 ± 95 + 

Faecal output (g/d) 
- Period 1 518 ± 25 5 1 1  ± 43 NS 
- Period 2 532 ± 26 503 ± 41  * 

Digestibility (%)  
- Period 1 56.4 ± 0.5 56.4 ± 0.5 NS 
- Period 2 58.5 ± 0 .4 58.3 ± 0.4 NS 

aone outlier from each group excluded, sec Materials and Methods. 

Daily DM intakes for each group during the trial (Figure 5 . 1 )  indicate that the mean intakes of 

the groups followed a similar t rend but diverged with time during period 2.  H owever, the 

group x day interaction was non-significant .  
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Figure 5 . 1 Mean daily volun ta ry in takes of control (-) and capsule-treated ( --- - ) groups, 

experiment 4. Bars indica te sem . 

The mean digestibility of the fee_d increased significan tly (P < 0.05) from 56% to  58% in both 

groups between period 1 and period 2, reflecting a change in  feed quali ty .  Digestibility was not 

significantly different between the two groups after capsule administration (P > O.lO).  
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Mean faecal D M  outputs during period 2 increased by 1 4  g/d i n  the control group but decreasec 

by 8 g/d in the capsule group, reflecting both the smal ler increase in feed in takes of capsule · 
treated a nimals and the h igher d igestibi l i ty of feed i n  period 2. Faecal D M  output i n  period 2 

corrected for  l iveweigh t and  period 1 output ,  was  significan tly ( P  < 0.05) l ower i n  capsule· 

treated than in control sheep. The group x day interaction was non-significan t  indicat ing tha l  

ca psule effects were s imi lar  on each d ay of period 2 .  

A p pea r a n c e  of c h r o m i u m  in  the  faeces  

A p p rox ima tely  s teady-s ta te  levels of  chromium in the  faeces were not achieved unti l  6 days  

af ter  CRC insert ion (Figure 5 .2) . Added chromium was evident  in  the faeces 24 h after C R C  

inse r t ion and increased i n  a n on-un iform manne r between sheep up to more than  80% of  the 

expected concentra ti on in  the faeces over the next 5 days. 
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Fig u r e  5 . 2  Pa ttern of recovery of chromium (Cr) m t h e  faeces after insertion of CRC i n  

yearling sheep, experiment 4 .  Bars indicate sem . 

Chromium release r a tes 

Plunger t ravel i n  capsules  recovered from the slaughtered animals averaged 10.3 ± 0.3 mm. 

This  represents a release rate of 146 mg Cr/day. Plunger t ravel was slowest for a sheep i n  

which the CRC was found lodged i n  the reticulum. The reduced rate of matrix extrusion i n  this . 

animal may have been due to the orifice being blocked by tissue. The CV between sheep of Cr 

release was 5.96%. 
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Recovery of chromiu m  

Chromium recoveries for individual animals ( Daily-M) from days 6 to 1 0  ranged from 85.8 t o  

99.4% (overa l l  5 day mean  ± sem ,  93. 1  ± 1 .3%) .  Low recoveries o f  faecal ch romium in  two 

a n i m a l s  ( 6 5 . 9 %  and 7 2 . 5 % )  de p res sed the g ro u p  mean r e c ov e ry on day 8 ( Figu re 5 .2 ) .  

Repe a t ing  t he assay for  these animals did n ot im prove the  recove ry of  chromiu m ,  i nd icat ing 

that the faeces sam ple was n ot represen ta t ive of daily ou tput ,  that c h ro m i u m  exc ret ion varied 

between days or tha t  chromium had not fully reached steady state levels in  the faeces of t hese 

sheep. 

Ch romium recoveries for the hulked grou nd and intact  sa mples  ave raged 97 .2  ± 2.6% and 1 01 .3 

± 2 .2% respec t ively for  t h e  5 day per iod (Ta ble 5.2 ) .  None of the  B u l k - !  sa mples requ i red 

rea ssay, hu t  assays of 1 5';"1; of the Bulk -G, and 20% of the Dai ly -M sa m ples, were repeated to  

recheck recoveries or because of  a h igh  CV between d u pl icates. I n  t h is  respect, i ndoor  t ria l s  

with chrom i u m  provide an advantage because samples wi th  unexpectedly low or  h igh ch romium 

conce n t rat ions can be checked aga in st actual ou t pu t  and rejected or re t a i ned accord ing ly . This  

recou rse i s  n o r m a l l y  not  ava i l a b le  in f ield t ria ls u n less  some a n i m a l s  a rc f i t ted wi th  faecal 

col lect ion bags ( Langlands 1 1)75) .  

Ta ble 5.2 Actua l  and pred icted rates  of  CRC c h ro m i u m  excret ion (mg Cr /d ) ,  :� nd recoveries 

of c h r o m i u m  f o r  a l t e r n a t ive  faeca l s a m p l i n g  m e t h od s  in  sl a ug h t e red and o t h e r  s h e e p ,  

exper iment  4.  Figures i n  brackets a re the  percentage rat io of pred icted to  ac tua l  values.  

Para m eter 

Actua l  ra te 
Predicted ra te 
Daily-M 

Bulk-G 

Bu lk - 1 

Slaugh te red sheep 
(n = 4) 

146.0 ± 2 .3 

1 37 .5  ± 5.4 
(93.8± 1 . 1 )  
1 33 .0 ± 0.3 
(91 .5± 2.9) 
144.9 ± 7.9 
(98.8± 2.8) 

Other  sheep All Sheep 
( n  = 6) (n = l O) 

1 46 .oa 146a 

1 35 .4 ± 2 .3 1 37 ± 2.6 
(92.8± 1 .6) (93. 1 ± 1 .3 )  
1 47.7 ± 5.8 1 4 1 .8 ± 3.6 
( 1 0 1 .2 ± 3 . 1 )  (97.2± 2 .6) 
1 50.6 ± 5.6 148.3 ± 4 .0 
( 1 03.0± 3.2) ( 1 0 1 .3± 2.2) 

aAssumed to he the average release ra te measured in CRC recovered by slaugh ter . 

The use of actual chromium release rates i m proved the overall mean chro mium recovery by 

only 0.8% (P > O . lO) i n  the th ree animals in wh ich plunger t ravel differed from the mean ,  

i nd i c a t ing a norma l  d i s t r i bu t i on of p lunger  t ravel var ia t ion .  Th i s  suggests tha t  average 

chromium release rates will provide sat isfactory mean est imates of chromium recoveries across 

several days, providing the between-day CV of plunger travel is rela t ively low, as in this  t ria l .  

Estimates for individual animals within days may, however, be  misleading. 
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Prediction of faecal output  and feed intake 

Pred icted faeca l outputs  and feed i n takes, derived from the chromium concentra t ions  in faeces 

prepared  by t h e  t h re e  sa m pl i n g  me thods  (and  assuming  100% recovery of ch romium) .  a rc 

shown wi th measured faecal outputs  in Table 5.3. The ra t ios of group mean pred icted : ac tua l  

in takes  were 107%, 103% and 9S% respectively for the  Dai ly-M, Bu lk -G and Bulk- I samples .  

The respective regression equa t ions  for predicted (y) versus actual  (x)  faecal output  (g D l\1 /d) 

for the three  sa mpl ing regi mes a rc summarised below: 

Dai ly -M :  

Bu lk-G : 

B u l k - ! :  

y = 6.:! + 0 .92 ( ± 0 .05) X 

y = 24 .9X + 1 . 1)2 ( ±  0. 1 5 )  X 

)' = 4 1 .53 + 1 . 1 1  ( + 0. 1 1 ) X 

r = 0.99 � " *  

r = 0.92 "' "' "  

r = 0 .96 * """ 

The corresponding rel a t ionsh ips between est ima ted and actual  (y, g DM/d )  feed in take ,  us ing 

the predicted faecal output  va lues  and an ave rage d igest ibi l i ty of 58.W/c; were: 

Y i n take = 67 .37 + 0.88 ( ±  0.08) Dai ly-M 

Y intake = 5.37 + 0.97 ( ±  0 . 1 7 )  Bu lk -G 

Y i n take = -38.22 + l .O(i ( ±  0. 1 4 ) Bulk - !  

r = 0.97 "' "' "  

r = 0 .90 "' "' "'  

r = 0.93 "' "' "'  

Using ind iv idua l  an ima l  5-day mean tl igcs t ib i l i t ies  ra ther  than  the  overa l l  group mean va iuc 

expla ined a fur ther  2.6 t o  4 .3% of the va ria t ion in  predicted in ta kes. 

Table 5 .3 Predic ted and actua l  faecal d ry mat ter  output  (g DM/d) and feed in takes  (g D i\1/d ) 
of yea r l ing sheep  for a l t e r n a t ive faeca l  s a m pl i ng  me thods  ove r  a 5-day c ol le c t ion  pe r iod ,  
exper iment  4 .  Figure s  in  b racke t s  a rc t h e  rat i o  nf predicted to ac tua l  val ues expre ssed as  a 
percen tage. 

Parameter S l a ugh te red shee p Other  sheep All sheep 
(o  = 4) (n = 6) (o = 1 0) 

Actual faecal output  424 ± 50 532 ± 46 489 ± 37 
Predic ted faecal output  

Dai ly-M 457 ± 50 574 ± 52 527 ± 40 
( 108 ±  2) ( 108± 2) ( 108± 1 )  

Bulk-G 470 ± 61  526 ± 40 503 ± 33 
( 1 10±4)  (99 ± 3) ( 103 ± 3) 

Bulk-1  425 ± 41  517 ± 42 480 ± 32 
( 10 1 ±  3) (98 ± 3) (99 ± 2) 

Actual feed in take 1 039 ± 1 13 1299 ± 1 13 1 195 ± 88 
Predicted f ecd intake a 

Dai ly-M 1 1 10 ± 77 1395 ± 125 1281 ± 97 
( 107 ± 2) ( 108± 3) ( 107± 2) 

Bulk-G 1 140 ± 148 1277 ± 97 1221 ± 81 
( 109 ± 3) (99±4)  ( 103± 3) 

Bulk- 1  1031  ± 100 1255 ± 101  1 165 ± 78 
( 100±4)  (98±4) (98 ± 3) 

aAssumiog a feed DMD of 58.8% across a l l  sheep. 
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Bulking intact faeces ove r a 3-day per iod provided est imates of faecal output and feed intake of 

sim i la r prec ision to the 5-day sa mples . Group mean faecal output was est imated to  be 49 1 g/d 

for the 3 days (ac tua l ,  482 g/d) ,  wh i le feed in take, using an average feed d igest ib i l i ty of 58.8%, 

was predicted from t hese va lues to  be 1 1 92 g/d (actual ,  1 172 g/d) . The correla tions (r) between 

pred ic ted and ac tua l  values for  faecal outpu t and feed in take were 0.97 and 0.89, respec t ive ly . 

Mean dai ly  feed in takes  could be predicted from Da i ly -M sa mp les t o  within c . 1 0% of the actual  

values under the con t rnlled condi t ions of th is exper iment  (Table 5.4 ) , if  the actual  recovery of 

93% was a ppl ied . 

Tab le  5 .4 Da i ly grou p mean predic ted and actual faecal d ry ma l ler outpu ts, feed d igest ibi l i ty 
and  d ry ma l ! c r  i n takes .  exper iment -+ .  

Faeca l o u t�u t (gLd) Dices t ib i l i t� (%) Feed i n t a k e  (gLd) 
Day Pred i c t e d  Actual  Predic ted Actua l  Pred ic ted  Actual  

6 50 1 495 58.8 58 . 1 1 2 1 5  1 1 85 
7 -+� 1 4 (j2 58.8 58.9 1 1 67 1 1 27 
8 534 490 58.8 58. 1  1 296 1 1 77 
9 -+ 7 () 492 5S.S 58 . 9  1 1 55 12 14  
1 0  -+75 503 58.8 5lJ.9 1 1 5:1 1 27 1 

Mean -+93 489 58.8 58.8 1 1 97 1 1 95 
se m 1 8  1 7 0 .0 O. l 43 4 1 

Pred i c t ion  of faeca l  o u t p u t s  and  feed i n t a k e s  for  i nd iv idua l  a n i m a l s  w i t h i n  day s was  l e ss 

accurate ( r = 0 .94 and 0 .8 1  respect ively for 50 ca ses ) . Removal of three outl ier values improv�:d 

the prcd ic t inn of fae c a l  ou tpu t  by a fu r the r  2 9� .  H owever ,  if ac tual  d igest ib i l i ty values for 

ind ividua l an ima l s w i th i n  d ays  were u sed  the co rrel a t ion between pred ic ted and actual da ily 

DM intakes im proved to 0.94 .  This clea rly demonstra tes that  the major problem in predicting 

da i ly in t akes is var ia t ion in  feed d igest i b i l i ty be tween days . The CV between a n i m a l s  for 

digest ib i l i ty of 8.83% refl ec ts  the preference shown by som e an imals for the m ore d igestible 

leaf component of the lucerne chaff and to some extent the overlap  of faeces excretion between 

24 hour collection periods. The la tter situation means that da ily faecal output may represent  

the feed in take of more or less  than one day depend ing on the  level of feed intake and i ts ra te of 

passage through the digestive t ract .  

Experiment 5 

Effect of C R C  on faecal output 

Mean faecal outputs of the CRC + and CRC- animals during the pre - t reatment and t reatment 

periods of 8 and 20 d respect ively a re shown in Table 5.5 
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Table  5.5 Effect  of rumen presence of controlled release ca psules on faecal output  of control 

and  ca psule - trea ted hoggets  du ring pre-treatment and trea tment periods, experimen t  5.  

Number per group 
Liveweight  (kg) 
· pre-trea tment  (d 0) 
- pos t - t rea tment  (d 20) 

Faecal ou tpu t  (g D M /d) 
- pre-trea tment  (period 1 )  
- trea tment  (period 2) 

Control (CRC-) 

16 

38.9 ± 1.6 
45.8 ± 1 .5 

305 ± 10.6 
349 ± 7 . 1  

Capsule- trea ted ( CR C  + )  

39.0 ± 1.7b 

45.3 ± 1 .3 

306 ± 8.2 
350 ± 6.9 

aTh rec o u t l ie rs ,  and one sheep with incom p l e t e  records a rc excl u d e d ,  see Ma te ria l s  a n d  
M e thods .  
bAll  d iff c rcnces between grou ps were  non-significant .  

Mean faecal  ou tputs for both groups d ur iog each trea tmco t period were similar  (Table 5 .5) and 

increased by an average of  44 g/d between period 1 and period 2 .  Th is increase was sign if icant  

(P < 0.01)  for both groups.  Diff erenccs between the groups in average da ily fa ecal outputs  were 

n o t  s i g n i f i c a n t  a f t e r  c o r r e c t ing  for  period 1 m e a n  o u t p u t s  a n d  l iveweig h t .  The tes t  of 

heterogen e i ty of the in tra-class regressions showed that  the slope of the rela t ionship bet\Vecl l  

peri od 1 and peri od 2 ou tpu ts  \va s  s imilar in the two grou ps (P > . 10) .  Th us sheep wi th high 

outputs  in period 1 retained their h igh outputs in  period 2.  
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Lighter  an ima l s  a t  the commencement of the t ria l  were i n  poor  condi tion and their la rger 

Iiveweight ga ins  dur ing the trial p robably included some compensa tory growth (Drew et a l .  

1 973, T a b l e  5 .4 ) .  Tr e a t me n t groups were not significan t ly diffe ren t i n  liveweight du ring the 

t r ia l .  

Effec t of  me thod of capsu le  a d min i st ra tion on  faecal  ou tpu t  

M e a n  faeca l o u t p u t s  o f  t h e  m oc k  capsule insert ion ( D  + )  a n d  n o  m oc k  i n se r t i o n  (D- )  an im<Jls  

d u r ing t h e  pre - t re a t m e n t  (5  d) and t rea tmen t (7  d )  periods a rc s h o w n  in Table 5 .6 .  Livcwe igh t s  

o n  t h e  d a y  o f  a d m i n i s t ra t i on a n d  o n  t h e  l a s t  d a y  of faec a l  collec t ion a rc a l so  presented. 

Tab le  5.6 Effect  of  mock i n se r t i on of  CRC on m e a n  ( ±  sem )  faecal (l U t p u t s  d u r i ng the pre

treatment  and treatment per iod s , exper i ment 5 .  L ivewe ig h t s  a t  i n se r t i on and on the last  day nf 
faecal c o l l ec t ion arc also s h ow n .  

Faecal ou t pu t  ( g  Di\1/d) 
- pr e - t rea t m e n t  
- t reatmen t 

Livcwe i g h t  ( k g )  
- in i t i a l  
- e n d  of trea t m e n t  

Mock  inse r t ion (D  + )  

36<J ± 1 5 .:2 
422 ± l <i .O  

45.8 ± 2.2 
46.8 ± 2 . 1  

aAI I  d iffe rences bc t,ve en groups were non-significan t .  

No  mock  i n se rt ion  ( D -) 

36<J ± 1 2 .4a 

4 1  () ± 1 3 .3  

45.7 ± 2.2 

46.9 ± 2 . 1  

M e a n  fae c a l  o u t p u t  i n  t h e  D + g r o u p  in creased by 1 2 g/d more t h a n  i n  the non-treated grou p  

du ri n g  t h e  t r e a t m e n t  pe r i od re la t ive to leve l s  in t h e  p re - t re a t ment  peri od . T h i s  was  not 

significan tly d iffe re n t  an d  neither was the pattern of daily faecal excret ion . The faecal output 

of one sheep in the D + group declined after m oc k  insertion but inspection of the daily outpu t s  

indicates  t ha t  these decl ined sl owly over the  t reatment period and did no t  exhibit t he  sha rp 

depression after capsule admin istrat ion that is characterist ic of a physical injury . 

DISCUSSI O N  

Effect  o f  C R C  on Faecal  Outpu t  and  Feed In take  

The results of the  indoor feeding t rial confirm the findings of experiment  3 (Chapter Four) ,  that 

faecal d ry mat ter  outputs diffe red sign ificant ly between groups with and w ithout capsules, 

al though the percentage difference was substant ially smaller in this study than in experiment 3 
(7 .8% vs  20-40%) .  The i n take data indicated that  capsule insertion reduced voluntary feed 

intake ( P < O. lO ) ,  but did n ot influence the digest ibil i ty of feed consumed .  No evidence of 

physical i rritation of the rumen wall or of damage to the reticulum or oesophagus was evident in · 

the ram l ambs tha t were slaughtered. However, the reticu l u m  of a sheep con t racts  very 
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strongly to a pproximately one third of its n ormal size on average once every minute (Waghoq 

and Reid 1983; Waghorn et a l .  1986). Regular forceful contractions against the extended an  

relat ively rigid wings of the Mark 11  capsule type could therefore cause considerable discomfor 

to the animal.  In older animals,  where the l in ings of the reticulum and rumen are thicker an 

darker, si tes of i rritation may not be readily evident. It would also seem l ikely that physica 

discomfort due to the capsule would be greatest where the animals were able  to m ove abou 

freely. This may explain why the d ifferences in faecal output were larger in experiment 3 tha 

in these experi ments. There is also a possibility that a chemical from the matrix carrier had 

depressing effect on intakes, or that the presence of the capsule reduces rumen volume, a lbei 

to a small  exten t .  The subsequent outdoor grazing trial ,  (experimen t 5) ,  addressed some o 

these issues. 

The results from exper iment  5 ind ica te  that  the rumen presence of OS chrome ca psules 

(compared with the Mark 11  design used in the experiments reported in Chapters Two and 

Three and in experiment  4) had no effect on dai ly faecal output.  OS capsules had idential 

plastic moulding  d imensions  to the Mark II  type capsule ,  except that  the w ing structure was 

more flexible with a bulbous tip. It can be inferred that the modified wing structure el iminated 

differences in faecal output between CRC + and CRC- animals. Unfortunately, a faulty CRC 

applicator made up for the purposes of the trial resulted in perforation of the oesophagus in 

three animals .  I n  two of the cases this was fata l .  The subsequent investigation of dosing 

technique showed that releasing the capsule at the thoractic inlet  while the an ima l  is in a 

standing posit ion had no  effect on faecal output if correct equipment is used. I t  would be 

preferable, h owever, to use the simpl er procedure of releasing the capsule at  the back of the 

tongue using the CRC a pplicat ion gun developed for Captec capsules (Captec Ltd, Laverton, 

Australi a )  and a l lowing the animal ' s  swal lowing motions to transport the capsule i n to the 

rumen. X-ray studies show that this occurs readily in yearling sheep (Vcnning 1986) .  

Prediction of  Faecal Output and Feed Intake 

Results  f rom experimen t 4 i nd icate that faecal grab sampl ing for predicting faecal  output  

should not  commence unt i l  a t  least  6 days after capsule insertion. This corresponds to the 

general recommendation for other methods of chromium administrat ion that there be a 5 to 7 

day treatment period before faecal sam pl ing commences (e.g. Wanyoike and Holmes 1981) ,  but 

is less than the time taken for chromium to reach a steady state i n  the faeces in experiment 2 

(Chapter Three). This can probably be a ttributed to the c .  100% higher daily release rate of the 

capsules used in the current experiment because of their 2.00 mm larger orifice size and greater 

Cr203 concentrat ion in the m atr ix (65% vs 50%) .  The attainment of steady state l evels of 

chromium in the faeces after 6 days was s imi lar  to the pattern observed by Harrison et a l .  

( 1982) and Laby et  a l .  ( 1984) i n  sheep fitted with CRC. However, the chromium release rate 

was 12% higher  than  tha t  recorded i n  rumen-fistulated sheep with capsules of s imi lar  

specifications under Australian pastoral cond itions (Ellis and Rodden 1987) .  Variation in the 

I 
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rate o f  c h r o m i u m  re lease ( CV = 6 % )  was l ower  than  t h e  8 %  re por t ed by El l is a n d  Rodden 

( 1987) ,  but s imi lar  to that recorded in an earl ier Austra l ian  s tudy (Ell i s  et  a l .  198 1 ) .  

The d ifferent  faecal sampling proced u res used in t h i s  tr ia l  indicate t ha t  bu lk ing faeces across 5 

days ,  a n d  assay i ng t he  c o m b i n e d  s a m ple i n t a c t ,  enab l e s  g roup  mean  faeca l  o u t p u t  t o  be 

predicted to wi th in  2% of the ac tua l  mean value .  Bulk ing in tact  faeces reduce costs for  labour 

and chemica l s . H oweve r,  ext ra ca re needs to  be exe rc i sed to  e n su re that intact  faeces a rc 

bulked on an equal  weight basis each day .  This i s  more easi ly com pleted with ground faeces but 

gri n d i ng has pot e n t i a l  d isadva n tages of l oss of faeca l  m a te r i a l  and ch rom iu m ,  as well as 

req u ir ing add i t ional  l abour  ( Roofaycl et al .  1 984; Cost igan and Ell is 1987) . There is also no 

adva n tage to  be obta i ned by bu lk ing  and gr ind ing the small faecal sam ples (0.5- 1 .0 g) often 

obta ined by grab sampl ing, s ince the ent ire sample will be requ i red for analysis .  The simi la r 

accuracy in  pred ic t i ng  faeca l  o u t p u t  from the 3- and  5-day bulk ing periods indicates that it 

would be possible to reduce the bulk ing (sampling) period to 3 days in s i tuat ions where intakes 

and feed q u a l i ty a rc rela tively un iform between days,  such as  in f ixed swa rd height experiments 

( Bircham 1 �8 1 ) . 

The accuracy of predicted faecal outputs  and feed intakes compares  favourably with the resul ts  

of other researchers .  Laby e t  a l .  ( 19�4) ,  for exam ple,  achieved an  est imated:actual faecal output 

rat io of 1 02 ± 1% for  chrom i u m  CRC in  penn ed sheep fed a range of diets .  H owever, the 

es t ima tes  for i nd iv idua l  sheep in  t h i s  t r ia l  were based on sa m ples  d rawn from to tal faecal 

product ion bulked ove r  the predi ct ion per iod . Ell is  and R odden ( 1987) achieved est ima tes of 

faecal outpu t  in th ree sheep f i t ted with CRC which were 95 ± 4% of the actual ou tpu t  over  a 

per iod of t h ree  days when  sub-sa m ples  of to ta l  faecal outpu t  were collected off the pastu re 

ra ther  than from faeca l  grab sam ples. I n  the cu rrent  exper iment ,  predict ion of faecal output was 

imp roved for t he  Da i l y - !  sa m p le s  becau se t h e  t rue recovery ra te  of ch rom ium was used .  

Norm a l ly 1 00 %  recovery of  c h r o m i u m  is a ssumed  for  ou tdoor  graz ing s tud ies  (Le Du and 

Penn ing 1 982) because i t  i s  on ly  possib le to  adjust for the recovery rate of  chromium in  these 

circu m stances  if tota l  co l lec t ions  a rc made from some an ima l s  f i t ted w i th  collection bags as 

descr ibed by Wa i t er s  and Eva n s  ( 1 979 ) ,  a n d  G e e n ty a n d  Sykes ( 1 986) .  For the Bu lked- !  

sa  m p ies  the b ias  .w as  l ower because an  average of  98% of the chromium was recovered . 

CON CL U S I O N S  

I t  can be  concluded that the wing design of the QS capsules, which a re available commercially, 

causes less phys ica l d iscomfort to t reated anima ls. As a resul t no d ifference in faecal output 

(and hence  presum a bly in v o l u n t a ry feed i n take )  w a s  eviden t  in  treated an imals  during 

experim en t 5.  I t  therefore seem s  l ikely tha t  the depression in i n takes and faecal outputs  

observed in the earlier experiments  was associa ted with the the less flexible wing configuration 

of the capsu les used. Inflexible or sharp-ended wings could cause considerable discomfort if 

contraction occurred while the capsule was lodged in the reticulum.  If several hundred such 
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contract ions occur red w i t h  t h e  capsule i n  the same orientation, physical i nj u ry a n d  i n  some 

cases r e t ic u l i t i s  would resu l t .  No  effect of materia l  released from the capsule while in  the 

rumen was measured on d igest ib i l i ty in the indoor trial, or on faecal output w h i le the sheep 

were at  g razing.  

The l oss of some l ambs due to  i nju ries susta ined du ring the a d m in i s t ra t ion of CRC ind ica tes 

t ha t  c a re must be taken to av l)id damage occu rring to t he  th roa t a n d  oesophagus d uring dosing. 

A n i m a l s  m us t  be f i r mly res t ra ined  a nd the dosing equ ipmen t  shou ld  be ca ref u l ly checked to 

e l im ina te sha r p  edges. For ful l  t hroa t d renching the re leasi ng rod should be c lea r ly ma rked to 

ensu re that the rod does not pass beyond the end of the flexible rubber t ubing when the capsu le.: 

is a pp l ied .  

Und e r  the  con t rol led cond i t ions of  exper iment  -l, w i t h i n -day  c h rom ium concen t ra t ions in  the  

faeces of  ind iv idua l  an ima l s  expla ined �W;"c, of  the var ia t ion in  faecal  ou tpu t  bu t on ly  6 5"/t  of the 

vari a tion  in  i nd iv idua l  da i ly in takes because nf la rge between-day d ifferences i n  d igest ihi l i ty .  

Pool ing the  resu l ts of the  da i l y  sa mples  acrnss 5-days enabled 94 r7t, of the va ri a t ion in  average 

feed i n t a k e  between a n i m a l s  ! 1) be ex p la i ned .  A l t h ough dai ly sa m pl ing has  h igh l abour and 

chemica l  costs com pa red lo faeces bulk ing methods,  the pa l lern of ch romium cxc rct ion th rough 

t ime  can he mon i tored :md possible probkms with CRC performance or  faec:JI sa m pl ing can he 
i den t i f i ed .  Overa l l .  t h ese resu l t s  show t h a t  ch romium CRC have considerable potent ia l  for 

obta i n ing i n d i rec t  e s t ima t es of he rbage i n t a ke  in sheep .  H owever,  th i s  exper imen t has a l so 

demons t ra ted t h a t  t he  measu remen t  of ra te  of re lease of Cr2 03 from CRC i s  c ri t ica l to t he  

successful a pp l ica t ion of t h i s  technology in field s tud ies .  Factors wh i ch  may affect  t he  r :J t c  of 

Cr203 release from CRC a rc invest igated in the next Chapter .  
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CHAPTER SIX 

EFFECTS OF HERBAGE ALLOWANCE AND FEED TYPE ON 
CHROMIUM RELEASE RATES IN TWO TYPES 

OF INTRARUMINAL CRC 

I NTRODUCT I O N  

A knowledge of the characteristics of chromium release from intraruminal CRC i s  an  essential 

prerequisite to their use in  experiments measuring herbage intakes. Preliminary investigations 

with rumen-fistula ted wethcrs have shown that chromium i s  relea sed from CRC with a 3.0 cm 

core of Cr203 matrix over a period of 29 to 33 days (Vincent 1985) .  Chromium release is l inea r 

between days 4 and 25. Thus ,  if a 7 to 8 day period after in sertion i s  required for Cr203 to 

reach steady state concentrations in the faeces (experiment 2, Chapter Three and experiment 4, 

Chapter  Five) ,  faecal sam pling for the purposes of estimating herbage intake could be carried 

out over a period of a pproximately 18 days. This period is more than adequate for the 5 to 10 

day interval normally used to obtain  an esti mate of intake at one level of herbage allowance. It 

is inadequate, however, if measurements from the same animals a re required for three or more 

pasture trea tments.  This is because a period of 2 to 4 days, depending on factors such as feed 

type and the level of intake,  is necessary for Cr2o3 to achieve a new steady state in the faeces 

after a change in the level of herbage intake ( La m bourne and Rcardon 1963; Faichney 1 983) . 

Furthermore, many animal  nutrit ion studies arc conducted over periods of more than 20 days -

often corresponding to a phase in the production cycle (e .g.  pregnancy or lactation )  - and intake 

measurements a t  in tervals during this t ime are required. To achieve this with 3.0 cm core CRC, 

more than one a pplicat ion of the capsules to treatmen t  animals would be necessary .  

An alternative i s  to use CRC which have a longer l inear release phase. This  can be achieved by 

increasing the length of the mat rix core, changing the mat rix composit ion or reducing the 

diameter of the orifice (La by et a l .  1 984) .  The latter option is not viable if the resultant faecal 

chromium concentrations a re low relative to the background levels of environmental chromium 

(see Chapter Three) .  The most s imple method of lengthening CRC l ife is to increase the length 

of pressed tablet matrix within the same plastic barrel . 

A 100-day period of Cr203 release has been achieved in sheep CRC with a 6.0 c m  core, 50% 

Cr20 3 mat rix,  a n d  7 .00 m m  d ia meter  o rifice in f i s tu la ted wethers (Chapter Three) .  No  

comparable data on  the  performance of 6 .0  cm core CRC with a 65% Cr203 matrix and  9.00 

m m  or if ice have been publ i shed.  N or are  data  avai la ble for 3.0 cm core CRC of the same 

specif ications in intact  sheep grazing a t  pasture .  This Chapter presents  the resul ts  of serial 

slaughter studies in which the pa ttern of Cr2o3 r elease from 3.0 and 6.0 cm core CRC was 

examined in ewes offered a range of herbage allowances. These release patterns are compared 

With those obtained from fistulated wethers. 
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A single 3 .0 c m  core, 65% Cr203 ma trix, 9 .00 m m  orifice CRC (Ca ptec, Mark I I  design) was 

administered to each of Hi mixed age (MA) Romney ewes in June 1986. CRC were inserted to 

the thoracic inlet  by a lu bricated f lexible tubing. The individually ident ified ewes were then 

weighed and clea rly spray-marked before being retu rned to a la rger flock of 400 ewes. Mean 

( ±  sem )  weigh t of the t reated ewes at this t ime was 45.0± 2.3 kg. The flock was subjected to an  

on-off grazing system during pregnancy, wi th  3 -4  hours grazing each morning on pastu res of 3-

10 cm in length .  During the remainder of the day the ewes were restricted to  a holding a rea 

wi th pastures of 400-500 kg D M /ha. Sample weighings of the flock a t  regular  intervals indicated 

that daily in takes were equivalent to about 0.9 ma intenance under this grazing regime. CRC

trea ted ewes were divided in to one grou p of 4 ewes and four groups of 3 ewe s  (balanced for 

l iveweigh t ) .  Groups were slaughtered a t  0830 h on days 5 (4 ewes),  12, 20, 24 and 28 after  CRC 

insertion .  CRC were recovered from the rumen within five minutes of slaugh ter  and plunger 

displacement since insert ion (d 0) was measu red on both sides of the CRC barrel by vernier  

callipers (Mi tu toyo, Tokyo) . 

CRC from the same manufacturing batch were at tached by nylon string to the cannula plug of 

f ive rumen -f is tu la ted wethers on d 0. The wethers were set  s tocked separately on a m ixed 

ryegrass - whi te clover pasture s imilar in composit ion to  that grazed by the ewes. Herbage 

intakes of the wethers were estimated from the height of pasture grazed and were judged to be 

suffic ient  to meet m a i n tenance requ i remen ts .  CRC were removed from the  rumen twice

weekly, for a pproxima tely two minutes on each occasion, to measure plunger displacement .  

The characteristics of ma t rix wear at  the orifice and any unusual aspects of CRC performance 

were noted for both groups of sheep in which CRC were tested . 

Experiment 7 

Two 65% Cr203, 9.00 m m  orifice chromium CRC (Ca ptec, Mark 1 1  design) ,  with 3.0 and 6.0 c m  

m a t r ix  cores  respec t ive ly ,  w e r e  i n serted i n t o  ea ch o f  2 1  M A  R o m n ey e w e s  a t  M a ssey 

University's Sheep and Beef Cattle Research Unit  in September 1986 (d 0).  The ewes, which 

had been shorn three days prior to CRC insertion, were then a llocated to a mixed rygrass-white 

clover pasture sward. Ewes were subsequently slaughtered in groups of three on days 4, 12, 20, 

28, 39, 49 and 63 after CRC insertion. Except for the first slaughter group, which m onitored the 

initia l  m atr ix wett ing and extrusion process, ewes were s laughtered on the final day of the 

feeding regimes shown in  Table 6. 1 .  
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Table 6 . 1  Trial location and associated feeding conditions of ewes, experiment 7 .  

Feed param e ters  

Loc a tion Type Allowance Maintenance  

(kgDMfewe/d) (xM) 

Outdoors 0- 4 pasture 2.5 1 .4 

5- 12 pasture 2.5 1 .4 

13-20 pasture 0.8 0.6 

21-28 pasture 1 .8 1 . 0  

Indoors 29-40 cut pasture 0.8 1 .0 

40-49 lucerne chaff 1 .0 1 .4 

50-63 hay 0.6 0.6 

aday 0 = day of CRC insertion. 

During the first 28 days ewes grazed on three 0.25 ha plots prepared to represent high (� 1250 

kg D M /ha) ,  l ow ( .s; 400 kg D M /ha)  and medium (800- 1000 kg DM/ha) herbage allowances 

(Table 6 . 1 ) .  Pasture conditions at the commencement and end of each feeding period were 

assessed by recording 50 Ell inbank Pasture Meter readings (Earle and McGowan 1979) per 

plot. Pasture height (cm) was calibrated against pasture mass (kg DM/ha) using five 0.22 m2 

quadrats cut to ground level from each plot by an electric shearing handpiece. Each pasture cut 

was washed to remove soil  contamination before being oven dried a t  80°C for 24 h to determine 

DM yield. 

From d 29 the ewes were individua lly housed in metabolism cages at the University 's  Animal 

Physiology Unit .  Rations, calculated from energy requirement data of Rat tray ( 1986) , were 

offered once daily at 1600 h. To determine feed D M  contents, duplicate samples of the feed 

offered were oven-dried at 80°C for 24 hours. Fresh feed allowances were adjusted according to 

the DM contents recorded for the previous 24-hour period. After their fresh weight had been 

recorded for each sheep, refusals were bulked within sheep, thoroughly mixed and sub-sampled 

in duplicate for D M  determination.  D ry matter intake (DMI, g/d) was  calcula ted as the 

difference between DM offered and DM refused. 

Total faecal outputs were not collected while the ewes were indoors but a sample of faeces (20-

30 g DM)  was retained from each ewe's daily excretion for chromium analysis. In �  herbage 

DM digestibility values (DMD %) were obtained from wethers fed the same feeds at the same 

daily allowance in experiment 8 (see Chapter Seven). Faecal output was calculated from intake 

and digestibility. 
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Ewes were weighed on d 0 (24 h fasted weight), and immediately before each change i n  feeding 

· level whi le indoors (to enable  group mean feed a l lowances to be ca lculated) .  CRC were 

rec overed from the  rumen  w i t h i n  f ive  m i n u tes of s l aughter .  P lunger displacement was  

measured as described for  experiment 6 .  

The design of experiment 7 was  based on  results of a prel iminary test of  6 .0  cm core CRC (from 

the same manufacturing batch) in  rumen -fistula ted wethers. In the preliminary test, a single 

CRC had been inserted into each of six rumen-fistulated wethers and plunger travel measured 

twice-weekly over 66 days. During this period the wethers grazed a mixed ryegrass-white clover  

past u re wi th a herbage mass of  800 to 1000 kg D M /ha. For  comparative purposes, plunger 

travel for the five rumen-fistulated sheep from which complete records were obtained (rumen 

cannula loss over two separa te 24 h periods having interrupted plunger travel in  one rumen

fistulated wether) are reported with those obtained by serial slaughter of ewes in experiment 7 .  

Statisti ca l  Ana lys i s  

CRC p lunger travel da ta  for b oth experiments  were i n i t ia l ly ana ly sed by  f i t t i ng  a l inear  

regression of plunger travel (y)  on time (x) ,  where plunger t ravel was the d ifference between 

ini t ia l  plunger posit ion ( Po) and  plunger position on the day of measurement (Pt) ·  For th is  

model the variance ( t ravel) associated with the measurement of plunger posi t ion was a ssumed 

to be constant (i .e. var (Pt -Po) = var measurement = constant ) .  In fact, this variance component 

proportionately decreases a s  the distance of plunger travel increases. A weighted regressio n  

model, o f  t h e  sam e  form as  the  s imple l i near  model ,  was  therefore also fitted with weigh rs 

propor t iona l  to t he  i nverse of t he  va r ian ce of travel ( i .e .  var ( t ravel ) = var ( ( Pt - P  0) /t)  = 

( 1 /t2)va r measurement ) ; Snedecor and Cochran 1967 ) .  The effect of feeding level and CRC 

type on the rate of plunger travel in experiment 7 was tested by a split-plot model (Gill and Hafs 

197 1 ) .  The model included terms for feeding level, sheep within feeding level ( the error term 

for testing effects of feeding level ) ,  CRC type and CRC type x feeding level. The la tter were 

tested against the residual (CRC x sheep) mean square. The nature of plunger travel through 

time was  tested by dividing feeding level in to  l inear, quadratic a nd remaining ("lack of fit") 

effects . 

RESU LTS 

Recovery of CRC from Slaughtered Ewes 

No losses of CRC through regurgitation occurred between insertion and slaughter in the intact 

ewes, but two of the 47 CRC (4.3%) tested in these ewes failed. Leakage of rumen fluid into the 

barrel of one 3.0 cm core CRC occurred prior to the first slaughter (d  0-4) in experiment 6. This 

appeared to be rela ted to a m a n ufacturing fau l t ,  rather than to damage sustained during 

insertion or within the rumen . The second failure occurred in a 6.0 cm core CRC in experimen t 

7, between d 29 and d 39 after inse rtion. The time of failure was estimated from changes in · 

- - - - ---- -- -
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faecal chromium concentra tions and the a mount of Cr2o3 matrix remaining a t  slaughter. The 

withdrawal  of the m a t rix wi th in  the  CRC bar rel indicated that  the failure was probably 

precipitated by the change in intake which occurred while the ewe adapted to indoor feeding. 

Plunger Travel  a nd Chromium Release Rates 

Plunger travel for the 3 .0 cm and 6.0 cm core CRC in both the fistulated and intact sheep was 

related to time in an almost perfectly linear manner ( r  > 0.984, Table 6 .2) . Thus, linearity of 

Crz03 release was achieved despite the i rregular pattern of intake associated with the on-off 

grazing t reatment in experiment 6 and the wide fluctua tions in the amount and type of herbage 

offered in experiment 7 .  

Table 6.2 Linear regression (y  = a +  bx) parameters and correlation coefficients ( r) for  CRC 

plunger travel (y) on time (x) in intact (I) ewes and rumen-fistulated (F) wethers, experiments 6 

and 7 .  Standard errors for the slope and intercept a re shown .  Weighted regression parameters 

are shown in brackets. 

Expt Number CRC Sheep Ree;[ession earamcters 

of core type Sign. of 

sheep length a b r regression 

(n) (cm) 

6 1 6  3.0 -0.301 ± 0.452 0.974 ± 0.025 0.995 

(-0.507 ± 0.919) (0.965 ± 0.039) (0.977) ( * • •  ) 

6 5 3.0 F - 1 .591 ± 0.479 0.872 ± 0.025 0.984 

( -2.963 ± 1 .00 1 )  (0.919 ± 0.039) (0.928) ( *  .. ) 

7 12c 3.0 -0.459 ± 0.815 0.908 ± 0.043 0.990 

( -2.231 ± 1 .547) (0.973 ± 0.063) (0.963) ( . .  * )  

7 5 6.0 F 1.324 ± 0.496 0.604 ± 0.012 0.992 

( 0.913 ± 1 . 1 12) (0.608 ± 0.02 1 )  (0.957) ( * *  * )  

7 21 d 6.0 1.357 ± 0.736 0.71 0 ± 0.020 0.992 

( 3.321 ± 1.514) (0.661 ± 0.029) (0.966) ( * .  * )  

cone CRC failure a t  first slaughter excluded. 
done CRC outlier at d 49 slaughter removed, see text "Recovery of CRC from Slaughtered 

Ewes". 
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Weighted regressions had -an  inconsistent effect on the prediction of average rate of plunger 

travel (b) ,  but consistently increased the size of the regression intercept (a) .  For this reason the 

correlation between predicted and actual values was poorer. Regression weighting to account 

for the  decreasing va riance due to measurement  error was counteracted in some cases (e.g. 

experiment 7 intact ewes) by an increased variance of Cr203 release through t ime (assuming 

the CRC have a given mean release rate at manufacturing) . Subsequent analysis of the recovery 

of chromium from the faeces suggests that simple l inear regression provides the most reliable 

expression of plunger t ravel th rough time. 

Although compa rison s of the rate of plunger travel in the fistul ated and intact  sheep a re 

restricted because the groups were not grazed under the same conditions the performance of 

CRC from the same manufacturing batch can be contrasted. Plunger travel was 1 1 .6% faster in 

3.0 cm core CRC (0.97 vs 0.87 m m /d) in intact compared with fistulated animals in experiment 

6, and 1 7 .5% faster in the 6.0 cm core CRC in the intact ewes compared with CRC of the same 

type in the rumen-fistulated sheep in experiment 7. 

Although the 3.0 cm and 6.0 cm core CRC in experiment 7 were identical except for the length 

of Cr203 matrix, plunger t ravel was 27.9% slower (0.7 1 vs 0.91 mm/d, P < O.OOI) in the 6.0 cm 

core CRC when the  two types were exposed to a common rumen environment (Table 6.2). This 

equates to average chromium payouts of 1 12 and 136 mg/d (to the final slaughter) respectively 

for the 3.0 cm and 6.0 cm core CRC. Between days 4 and 28, plunger travel was linear with time 

( r > 0.99, P < O.OOI) in both types of CRC. There was no depression in the rate of plunger travel 

with t ime, but the small  amount of systematic (" lack of fit") variation across animals at the same 

slaughter date was significant ( P  < 0.05) .  The interaction between type of CRC and slaughter 

date was not significant.  This shows tha t the difference in the rate of plunger travel between 

the 3.0 cm and 6.0 cm core CRC was constant through time. The greater rate of plunger travel 

in the 3.0 cm core CRC was associated with a greater depth of matrix erosion at the orifice (3 to 

4 mm vs 2 mm in the 6.0 cm CRC) .  This pa t tern of matrix erosion was consistent  across 

slaughter dates. 

At the final slaughter (d 63) approximately 16 mm of the Cr203 matrix remained in the 6.0 cm 

core CRC. If the 0 .7 1 mm/d plunger travel rate had continued, linear release of chromium into 

the rumen could probably have been main tained for a further 15 d given that rapid dissolution 

of the matrix occurs once 3 to 5 mm of matrix remains. This would have given a total capsule 

life of 75 to 80 d in intact ewes. 

Chromium release was slower up to the first slaughter (d 0-4), particularly in the 3.0 cm core 

CRC, because of t ime taken for wetting and extrusion of the matrix to commence. For this 

reason i t  i s  p referab le  to ca l cu l a te the average chromium release rate after con tinuous 

extrusion of the ma trix has been established. The slaughter data for experiments 6 and i 
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suggest that this occurred within the first 3 t o  4 days. 

Average chromium release rates decreased in both the 3.0 cm and 6.0 cm core CRC when 

pasture a l lowances were reduced to < 0.6 M equivalence and in the l onger l ife CRC when 

intakes of hay were reduced to a similar level (Table 6.3) .  Chromium payouts increased when 

pasture al lowances were raised to 1 .0 M, but no comparable data following the low level of hay 

feeding were obta ined.  Low leve ls of feed intake may therefore have influenced the release 

ra te of ch romium. Release ra tes in the 6.0 cm core were also slower on average during the 

indoor feeding period.  Interpretat ion of this pa ttern of response is  difficult because there may 

have been confound ing effects due to the preced ing outdoor trea tments (particula rly the low 

level of nu t ri t ion ) .  However, given the feeding level effect observed outdoors, reduced levels of 

intakes whi le indoors (due to  the correction for reduced energy requirements for exercise 

(30%) and to initial adaption to indoor feeding) are a more l ikely explanation for the reduction 

in Cr203 release than the effect of activity l!fi se . 

Tab le  6 .3  Average daily release ra tes of chromium from 3.0 cm and 6.0 cm core CRC to the 
end of each f ceding level, experiment 7 .  Except for the first intake period ( d 0-4) release rates 
are for plunger t ravel from d 4 until slaughter as defined in Table 6 . 1 .  

Locat ion  

Outdoors 

Indoors 

Overall mean 
± sem 

Feed in take  
(xM )  

1 .4 
1 .4 

< 0.6 
1 .0 
1 .0  
1 .4 
0.6 

3.0 cm 

u5a 
159 
127 
144 

143 
6 

Chromium release 
(mg Cr/d) 

6.0 c m  

1 12a 
149 
1 1 1  
129 
1 16 
1 15 
109 

122 
4 

aLow release rates associated with establishment of matrix wetting and extrusion (d 0-4). 

Predic t ion of Faecal Output  

Faecal ou t pu t s  predicted from the mean faecal chromium concentration (FOcr) for  the last 

three days of each indoor feeding level were derived in experiment 7 .  Daily chromium payout 
from CRC w a s  e s t ima ted  from the  average ra te  of p lunger  t ravel (d 4-63) in the ewes 

slaughtered at the end of each feeding level. Predicted outputs were 91 . 1  to 104.6% of those 

estimated from the measured DMI and average in vivo digestibility of each feed (FOo; Table 

6.4) . G iven tha t  the proxy for true faecal output  (FOo) includes errors due to v aria t ion 

between an ima ls  in feed digestib i l i ty ,  and that an average plunger travel was used to derive 

chromium payouts, the FOcr are surprisingly accurate. 
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Table 6.4 G roup mean DMI  and faecal outputs predicted from DMD values (FOn) and faecal 
chromium concentrations (FOcr  ) ,  for three feed types offered indoors during experiment 7. 

Feed Sheep D M I D M D  FOn FOcr FOcr/FOn 
type (n) (g/d) (%) (g/d) (g/d) (%) 

Pasture 9 696± 25a 65.87 227 ± 8a 223± 1 a 98.24 
Lucerne 6 832± 6 53.49 303 ± 3  276 ±  10 91 .09 
Hay 3 528 ± 3  57.76 261 ± 1 273 ± 4  104.60 

asem refer to the va riation between days for group means. 

DISCUSSION 

The length of t he  6 5 %  Cr203 m a t r ix in  CRC with a 9.00 mm diameter orifices significantly 

(P < 0.00 1 )  inf luenced the  rate  of plunger travel and as a consequence the period of Cr2o3 
release per unit  length of matrix core. CRC plunger travel was l inear (P < 0.00 1 )  for a minimum 

of 21 days (d 4-25) in  the 3.0 cm core capsules in intact ewes. In  the 6 .0 cm core CRC, plunger 

travel was l inear  ( P < 0 .00 1 )  un t il d 63 when the l as t  group of ewes was sla ugh te red.  By  

extrapolat ion it  was  estima ted that t he  l inear release phase could have continued unti l  about d 

75. This compares with the 100 d l ife measured in CRC with a 50% Cr203 matrix and 7.00 mm 

orifice i n  experiments 1 and 2 ( Chapter Three) .  These results are in agreement with those of 

Laby et al .  ( 1 984) who demonstrated that chromium release could be substantially modified by 

changing orifice diameter and ma t rix composition. 

The m in imum chr o m i u m  payout from the 6 .0 cm core CRC ( > 100 mg Cr /d) would enable 

herbage in takes  of sheep producing up to 1 . 0  kg faeca l D M /d to be es t imated ,  providing 

environmen tal  levels of chrom ium were low ( < 20 f.lg/g DM ; see p. 45) .  CRC of this design 

could therefore be used in longer term nutrition studies wi th sheep up to 70 kg in l iveweighL 

Sequen t ia l  es t ima tes of feed in take i n  sheep, for  exa m ple those coinciding with changes in 

physiological status, could therefore  be made. 

Plunger t ravel was consistently slower by 4.1 to 17.5% in the rumen-fistulated sheep than in the 

intact  ewes. This con trasts w i th the study of Laby et a l .  ( 1984) who reported no difference 

between rumen-fistulated and intact wethers. Although differences may have been created by 

the separate grazing of the two groups, this seems unlikely because the results from experiment 

7, and f rom experiments 2 and 3 previously (Chapters Three and Four respectively) , suggest 

that the l evel of feed in take influences plunger t ravel only if intakes are very low ( < 0.6 M).  

Gender  effects a re a l so  l ikely t o  have been negligible (Weston 1982) .  Modifica tion of  the 

capsule environment due to  rumen fistulation and to the periodic removal of capsules from the 

rumen for measurement are therefore more plausible explanations of the depression in plunger 

t ravel. 

The ni l  l oss rate of CRC in  ewes ranging from 26 to  60 kg in liveweigbt indicates that the flexible 
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wings provided a h ighly effective means of rumen retention. However, it i s  not known whether 

this also applies to sheep which arc heavier than 60 kg. 

CRC fai led to perform to  specifica t ion in c. 4 %  of the ewes slaughtered. In  practice such 

malfunct ions can be ident if ied by low or i r regu la r  faeca l chromiu m concen t ra t ions .  The 

incidence of fai lure due to manufactu ring faul ts, probably in the order of 10-20% in the ea rlier 

batches ( Ell is et al .  198 1 ) ,  cannot be readily prevented but the results of experiment 7 suggest 

that CRC fa i lure may be precipita ted by sudden large reductions in feed intake. This occurred 

in some capsules when ewes were transferred without  pr ior  experience to indoor feeding 

conditions.  A similar effect, unde r field cond itions, could be crea ted by the introduct ion of a 

new feed type . Exposure of sheep to very low levels of herbage intake ( < 0.6 M )  may also result 

in inconsistent ca psule performance or matrix d issolu t ion because rumen contents become 

more l iquid.  Thus CRC a re best suited to situations where sheep have been conditioned to the 

feeding regime to be tested and fluctuat ions in daily in takes are minimised. 

The simila rity between group mean faecal outputs calcula ted from marker ch romium and those 

est ima ted f rom D M I  and  in vivo digest ib i l i ty va lues  for  the c u t  pasture,  lucerne and hay 

provides further evidence of the potential  of CRC for est imat ing volun tary herbage intakes 

(Ellis and Rodden 1987) .  Although Laby et al .  ( 1984) were able to estimate faecal outputs to 

within ± 4 %  of actual  values in  penned sheep, the resul ts  for  the present experiment were 

achieved in ewes 36 days ·after CRC insertion and foil owing a ser ies of changes in feed intake 

( includ ing a t rans i t ion to  indoor feeding). The final est imates for the hay feed were made 

between d 54 and 57 after CRC insertion . Thus 6.0 cm core CRC, with the same technology a s  

3 . 0  cm core  CRC,  a re suff iciently robust to withstand the  changes i n  feed allowance which 

researchers might wish to investigate and are capable of providing continuous linear release of 

ch romium for at least 63 days. 

The experiments reported here suggest that CRC plunger t ravel is slower in rumen-fistulated 

than intact  sheep. H owever these results refer  to  s i tuat ions where the groups were grazed 

separa tely, although on similar sward types. There is a need to investigate whether d ifferences 

in plunger t ravel between rumen-f is tu lated and in tact  an imals  exis t  when they a re grazed 

together, an issue which is addressed in Chapter Eight .  A second feature of experiments 6 and 

7 i s  that  the  average rate of chromium release was reduced d uring periods of low herbage 
intake. This may partly explain why lower levels of chromium recovery f rom the faeces were 

achieved when ram lambs were g razed at low herbage allowances i n  experiment 3 (see Chapter 

Four) .  An indoor exper iment, described in the next Chapter, was therefore conducted to more 

accurately quantify the effects of l a rge changes in  feed intake on CRC plunger travel. 
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CHAPTER SEVEN 

EFFECTS OF FEEDING LEVEL AND FEED TYPE ON 
THE PERFORMANCE OF COMMERCIAL CHROMIUM CRC 
UNDER CONTROLLED INDOOR FEEDING CONDITIONS 

IN TR O D U CT I O N  

Measurements m a d e  o n  CRC recovered from ewes by serial slaughter indicate tha t plunger 

travel may be reduced during periods of low feed intake (Chapter Six ) .  A short-term reduction 

in p lunger  t ravel  w i l l  c o m promise  es t ima tes of faeca l output  based on faecal chromium 

concen trat ion and  an average release rate for  the capsule by changing the amount of Cr2o3 
excreted in the faeces each day. In addition, the interaction between changes in Cr2 03 release 

rate and feed intake has important  implications for the t iming of faecal sampling, and the 

amount of chromium recovered in the faeces ( Chapter Four) .  The experiment reported in this 

Chapter therefore tested the effects of l a rge changes in the daily al lowance of two types of 

herbage on the rate of CRC plunger travel and the pattern of chromium appearance in the 

faeces of rumen-fistula ted wethers. This experiment also provided the opportunity to test the 

matrix and orifice technology of the type of chromium CRC which was to be commercia lly 

released .  This type had a 3.0 cm core of a 65% Cr2o3 pressed tablet matrix and an orifice 

diameter of 9.00 mm and was expected to generate a 25-day linear release of Cr203 . 

MATERIALS A N D  M ET H O DS 

Exper iment  & 

Two groups (n = 4) of rumen-fistulated 24-month old Romney wethers, balanced for liveweigh t, 

were housed in metabolism crates at  Massey University's Animal Physiology Unit in October 

1986. After being fitted with faecal collection harnesses one group (A),  weighing 47.5 ± 3.8 kg 

(mean ± sem),  was fed pasture cut each afternoon from a m ixed ryegrass-white clover sward. 

The other group (B ,  49.8 ± 2 .4 kg) received hay which had been made during the previous 

summer  from pasture s im i l a r  in composit ion to that offered to group A. These feeds were 

offered .a.Q libitum once daily at 0900 h for a pre-treatment period of seven days. 

At 0900 h the following day (d 0) a single chromium CRC ( Captec, 3.0 cm core, 65% Cr203 
matrix, 9 .00 mm orifice diameter, Mark I l  design) was suspended in the rumen by nylon string 

at tached to the cannula . Each sheep was then weighed p rior to refeeding and fitted with a 

faecal collection bag. Feed requirements for maintenance (M) were estimated to be 70% of the 

energy requirements specified by Rat t ray ( 1 986) for sheep of the sam e  l iveweigh t g razing 
indoors. Maintenance feeding was adopted until d 4, when the wethers were assigned to one of 
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four feeding levels - 0.6 M,  1 .0 M,  1 .4 M,  and 0.6/1 .4 M o n  alternate days. Feeding levels were 

mainta ined for periods of six days dura tion and were a rranged in a 4 x 4 La tin Square within 

feed types over  a period of 24 days (d 4-28) . Feed al lowance, feed refusal and faecal output 

were measured daily a t  0900 h for each sheep. Feed allowances were based on the DM content 

of dupl ica te samples of feed offered the prev ious day and assumed energy concentrat ions of 

10.0 and 8 .0 MJM E/kg D M  in the pasture and hay feeds respectively (Holmes et al .  1984) .  

Refusals were weighed and dupl icate  s.ubsa mples taken for oven drying at  80°C for  24 h t o  

determine DM %. Faeces, collected i n  plastic liners fit ted inside the faecal bags, were weighed 

fresh, thoroughly mixed, subsampled in duplicate and oven dried at 80°C for a min imum of 72 h 

to determine the dry weight .  A sam ple of c. 20 g of dried faeces from the daily output of each 

sheep was reta ined for chromium analysis (sec Chapter Two for explanat ion of the method and 

calcu lations) . Four-hourly rectu m grab sa mples over  a 24 h period were collected from each 

animal on d 12  to measure diurnal va riation in faecal Cr2o3 concen trat ion. 

Dry matter intake (DMI)  and dry matter digestibility (DMD) were calculated as: 

DMI (g/d) = feed DM offered - feed DM refused 

DMD ( % )  = (DMI  (g/d) - faeca l output (g/d))/DMI (g/d) 

The pos i t i on of t he  C R C  p l u n g e r  w a s  m e a s u re d  a t  i n s e r t i on and  t h e r e a f t e r  at t h e  

commencement  of each new feeding level using vernier call ipe rs (Mi tu toyo, Tokyo) . Two 

readings, from opposi te sides of the plastic barrel, were recorded and featu res such as matrix 

erosion a t  the orifice and  leakage of rumen f luid in to  the bar rel were noted . CRC were 

removed from the rumen at the end of d 28 and the wethers were reweighed before being 

returned to pasture. 

Statist ical  a n alysis 

Plunger t ravel data were t ested by spl i t - pl ot  analysis (Gi l l  1988) . Mahalanobis and Cook 

distance values were used to  test plunger t ravel data for outliers (Norusis 1985) . Four-hourly 

faecal chromium concentra t ions  were subjected to repeated measures analysis. Analyses were 

undertaken us ing the 'REG'  ( G i lmour  1985 ) ,  SAS (SAS 1985) and SPSSX (SPSSX 1983) 

statistical packages. 

Chromium recovery was calculated as the percentage of the expected average daily payout from 

individual CRC d iv ided by the product of the concentration of the marker in the faeces ( mg 

Crfg DM)  and t otal faecal output.  
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RESULTS 

Effect of  Feed Type on CRC Plunger Travel 

Total CRC plunger t ravel ranged from 24.5 to  29.5 mm during the 28 d trial and was highly 

correlated with time for both feed types once in itia tion of mat rix extrusion had been completed 

by about d 3 (Table 7 . 1 ) .  With the exception of one outlier (Sheep 5, hay) average dai ly rates of 

travel and hence chromium release rates were similar for hay and pasture ( 135 vs 137 mg Cr/d) .  

Tab le  7 . 1  CRC plunger travel (d  0-28) ,  parameters fo r  the regresson (y = a + bx)  of plunger 
travel (y) on time (x) from d 4 to d 28 and average daily release rates of chromium,  experiment 
8. Figures in brackets arc standard errors of estimates for the pooled regressions. 

Regression param eters Chromium 

Feed Sheep Tota l  a b r release 
t ravel (mg C r  /d) 
( mm )  

Pastu re 1 25 .50 -2.083 0.971 0.999 135 

2 25.25 - 1 .383 0.958 1 .000 138 

3 25.50 - 1 . 1 83 0.933 0.998 1 35 

4 24 .25 - 1 .3 17  0.9 1 7  1 .000 1 32 

Pooled regression - 1 .450 (0.2 13) 0.941 (0.012)  0.999 1 35 

Hay 5 29.50 - 1 .657 1 . 127 1 .000 162 

6 26 .50 - 1 .400 0.975 0.999 140 

7 24.75 -0.883 0.908 0.999 133 

8 24.50 -0.750 0.925 0.997 137 

Pooled regression - 1 . 173 (0.653) 0.984 (0.038) 0.987 143 

(without sheep 5) - 1 .01 1 (0.340) 0.936 (0.019) 0.997 137 

Effect of Feeding Level on Ra te  of Plunger Travel 

The mean DMI, faecal output and associated DMD at  each feeding level of pasture and hay are 

presented in Table 7 .2. D M I  a t  the 1 .4 M feeding level was approximately twice that a t  0.6 M, 

and for the daily alternation between 0.6 and 1 .4 M feeding levels was equivalent to a bout 0.9 
M. Feed digestibility values were affected by DMI  and should be interpreted with caution since 

each 6 d feeding level includes an effect on faecal output from the preceding trea tment .  
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Table 7 .2  Mean dry ma tter intake (DMI,  g/d), OM digestibili ty (DMD, %)  and  faecal output 
(FO, g DM/d) at each feeding level for pasture and hay, experiment 8. 

Eccdiu� ha:'"l 
Herbage Para meter  0 .6 M l .O M 1 .4 M 0.6/1 .4 M Lsdo.o5 

Pasture DMI 452 731  807 640 107 
FO 161  248 277 218  1 6  
DMD 64.2 65.7 64.4 58.3 4 .5 

Hay DMI 551 865 1045 794 62 
FO 278 390 451 348 50 
DMD 49.6 54.8 56.5 49.9 5.2 

aLsd values arc for comparison only between means in the same row (Gil l 1988). 

The split-plot analysis of plunger t ravel data indicated that 98.4% of the total sums of squares 

cou ld be expla ined by a l inear rela tionship between plunger t ravel and time (P < 0.001 ) .  There 

was no evidence of curvature in the pattern of plunger travel and systematic variation ("lack of 

fit") about the line was not sign ificant .  D ifferences in the rate of plunger t ravel between feed 

types explained only 0 .9% of the total  sums of squares (P > 0. 10 ) .  H owever, feed ing l evel 

( trea tmen ts) had some effect on the pattern of plunger travel (P < 0. 10) . Inclusion of one- and 

two- per iod ca rry ove r  t e rms  and  the i r  respect ive in teractions with t rea tmen t ( P > 0 . 10) ,  

indicated tha t  the  effect of DMI occurred within a feeding level, and not because of the  f ceding 

sequence. 

Recovery of Chromium from Faeces  

Although the  pr imary object ive of  the experimental design was to test the  effects of varying 

DMI on plunger travel (and hence chromium release rates), the pattern of chromium recovery 

from the faeces was also investiga ted s ince this would provide the information necessary to 

determine appropriate faecal sam pling routines when animals are subjected to large changes in,  

and irregular patterns of, feed intake. 

Chromium recovery was significantly (P < O.Ol) affected by the level of DMI for both feed types 

(Table 7 .3), and was not significantly different from 100% only for the 1 .0 and 1 .4 M feeding 

levels. This suggests that the passage of chromium through the sheep slowed when DMI was 

reduced. Chromium recoveries were reduced during the initial feeding treatment ( d 4 to d 10) 

because there was insuff icient t ime for a steady state of Cr203 in the faeces to be established in 

all of the sheep. This is shown by the general i ncrease in chromium recoveries where they were 

re-estimated from d 11 (Table 7 .3) . For the two sheep which commenced the feeding sequence 

at the 0.6 M feeding level, recoveries in excess of 90% were not reached until d 1 1 .  In contrast, 

this level of recovery was achieved between d 5 to d 9 at the higher levels of DML A m inimum· 

interval of 5 d was necessary for chromium to a ttain a new steady state at the 0.6 M feeding level 
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after a transition from a h igher level of DMI.  A t  the 1 .0, 1 .4 M and 0.6/1 .4 M feeding levels, 

steady sta te l evels were achieved within 3 to 4 days, i rrespective of the preceding treatmen t .  

Chromium recoveries re-calculated for  the final 3 days of each feeding level (Table 7 .3) ,  d id  not  

provide a consisten t improvement in recovery rates and the  effect of feeding level remained 

significant ( P < 0.05) . This was because equilibrium conditions had still to be reached in some 

animals, especially at the 0.6 M feeding level. 

Table 7 .3 Recovery of chromi um (mean ± sem) ,  a t  each feeding level , from the faeces of 
wethers fed pasture and hay, experiment 8.  Recovery of chromium from d 1 1  and for the final 3 
days of each feeding level a re also shown. 

Herbage 

Pasture 

Hay 

Feeding 
l evel 

0.6 M 
l .O M  
1 .4 M 
0.6/1 .4 M 
Overall Mean 

0.6 M 
1 .0 M 
1 .4 M 
0.6/1 .4 M 
Overall Mean 

B.�aau:�:<rx Q( �b[Slmium (%) 
Entire 
feeding From 
period d l l 

7 1  ± 3 77 
94 ± 4 9 1  
92  ± 4 98 
78 ± 3 80 
84 ± 2 87 

78 ± 3 82 
9 1  ± 4 97 
99 ± 4 107 
87 ± 3 90 
89 ± 2 94 

Diurnal  Variation in  Faecal Chromium Concentration 

Final 
3 days 

73 
99 
98 
96 
87 

78 
91 

104 
92 
91  

The percentage deviations of 4-hourly faecal chromium concentrations from the 24-hour mean 

for the pasture- and hay-fed sheep are presented in Figure 7 . 1 .  Variation was larger in the 

sheep fed hay than in those fed pasture (CV = 13.3% vs 8.1%), but the reason for this was not  

apparent. Diurnal variation could have been expected to be greater for the  animals on the 0.6 

M treatment because they consumed all  their daily allowance within 2-3 hours of feeding in the 

morning, but no  evidence of this was measured in the samples collected. Repeated measures 

analysis indicated that differences between time periods were not significant .  
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Figure 7.1 Diurnal variation in the chromium concentra tion of faecal grab samples (collected 
at fou r-hourly intervals from 1500 h) expressed as a percentage deviation from the 24 h mean, 
experiment 8 (.- 0.6 M; - - - - 1 .0 M; - ·-1 .4 M; . . . . .  0.6/1 .4 M feeding levels) .  

DISCUSSION 

CRC plunger travel was la rgely unaffected by the level of DMI or changes in DMI between 

days. However, th ere was some in dica t ion that  feeding level could affect plunger t ravel 

(P < O.l) .  This is l ikely to have been . part of the reason for the pattern of chromium recovery 

observed in experiment 3 (Chapter Three) when rams lambs achieved very low ( < 0.6 M )  levels 

of DM I .  The average rate of plu nger travel was 1 .5% higher (P < O. l )  in the sheep fed hay, 

confirming the results of experiment 2 where a similar effect was found with an earlier capsule 

design .  This suggests that feeds such as  hay increase the release rate of Cr2o3 because rumen 
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contents a re more abrasive a t  the capsule orifice than rumen contents derived -from fresh 

pasture. 

The nega tive intercepts of the regressions of plunger travel on time (Table 7 . 1 )  indicate that 

release rates were s lower during the first 3 days after CRC insert ion,  while the process of 

matrix ext rusion was initia ted . However, the average rates of plunger t ravel, once established 

from d 4, were consisten t between animals ac ross both the pasture and hay feeds, with the 

exception of one sheep.  The reason for the higher rate of plunger t ravel in the outlier CRC was 

not established but may have been due to accelerated water uptake due to a matrix formulation 

fault ,  e levated gas pressure development caused by the animal genera ting a lmost no methane or 

the maintenance of the CRC in a region of the rumen where gas diffusion was optimised, ( Laby 

1986) . One of the latter two a re considered to have been the most l ikely causes. Average CRC 

plunger t ravel was comparable  to  those recorded in  CRC of s imilar specifications in  other 

environments (Table 7 .4), given that there may have been some variation between the studies in 

matrix formulation . 

Table 7 .4 Comparison of average CRC performance in different environments ( source: Laby 

1986) . 

Tria l  

location 

Furnival (Aust) 

Clayton (A ust)  

Masscy 

Animal  

type a 

Sheep 

Sheep 

Catt le 

Sheep
b 

N umber of 

CRC 

8 

8 

1 0  

8 (7) 

Level of P l u nger 

nutrit ion travel 

(mm/d) 

H igh 1 .0 1 3  

V e ry  low 0.881 

0.925 

0.6 \.f - 1 .4 M 0.962 (0.936) 

aType of animal in which plunger travel was measured. 
bcurren t experiment. Figures in brackets are with outlier excluded. 

Variation 

between C R C  

(CV%) 

10.3 

5.8 

5.2 

6.8 (2 .8)  

The analyses  of chromium recoveries showed that, when faecal sampling routines are being 

designed, ca reful consideration should be given to the level of DMI and to the effect that 

transition between levels of DMI has on faecal output. For exam ple, when DMI is low,  the rate 

of passage of chromium marker is reduced and more time is required for steady state levels of 

chromium in the faeces to be reached. The period prior to the first sampling should be at  least 

10 days at a DMI equivalent to 0.6 M. Pigden and B risson ( 1956) suggested that when twice 

daily drenching with Cr203 gelatin capsules is employed, the prel iminary pre-treatment period 

should be not  l ess than 10 days .  This proced ure was common ly adopted thereafter when 

chromium was  used in  intake studies (e.g.  Langlands et a l .  1963a) ,  and is twice the 5 d pre

treatment  period recommended by Captec for chromium CRC. The results from this study 

indica te  that ,  even when DMI  are h igh, faecal sampling for  i nt ake est imat ion should no t  

commence before d 8. This confirms the findings of experiment 2 (Chapter Three) . Once a n  

initial steady state of chromium in the faeces i s  established, an interval of 3 t o  m ore than 5 days,

depending on the size of the D MI change, is still required for the transition to a new steady 
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s ta te  i n  faecal  chromium concen t ra t ion . This  has  important  i m plicat ions f or the  faecal 

sampling regime adopted when animals are under rotational grazing management and the level 

of feed intake changes between days. Raymond and Minson ( 1955) i nvestigated the effect of 

this on the recovery of chromium wi thin days as sheep grazed down a sward under rotational 

grazing. There were large d iff crences in the amount of chromium recovered f ram the faeces at  

the beginning and end of grazing, although the average recovery was close to  100%. This 

indica tes, as do the results from the presen t  trial, that faecal sampling over at least 3 days is 

required to account for the fluctuations in DMI that arc more common under rotational grazing 

management .  

If  the plunger travel  and chromium recovery resul ts  a re cons idered together, i t  can be 

concluded that  optimum performance of CRC for predicting DMI will occur when animals arc 

mainta ined a t  a uniform level of intake, such as under "fixed'' sward height grazing management 

(Bircham 1981) .  The effects of continuous grazing of sheep at different pasture heights on CRC 

plunger travel a rc addressed in the next  Cha p ter .  However, even when D M I  are w idely 

different, as in this t rial, flexible faecal sampling routines between days can be adopted because 

diurnal variation in faecal chromium concentration is low due to the continuous mode of Crz03 
release from CRC (Ellis e t  a l . 1981;  Chapter Three).  
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CHAPTER EIGHT 

FAC TORS A F FECTING THE RATE OF CHROMIUM RELEASE 
F R O M  INTRA R U M I N A L  C R C  I N  S HE EP CONTIN U O US L Y  

GRAZED AT PASTURE 

INTR O D U CTI O N  

Where ch romium C R C  a rc used i n  grazing studies i t  wil l  be necessa ry to  determine t h e  average 

dai ly chromium relea se rate for t rea t ment  groups. Th is i nformation may be obta ined by the 

ser ia l  s l a ugh te r  of a n i ma l s  grazed wi th  the  t rea tment  a n ima ls ,  from changes in  c h rom ium 

concen t ra t ion i n  t he  faeces a s  ma tr ix extrus ion from t he  CRC ends ( EII is e t  a l .  1 988),  i nd i rect ly 

by the  measurement  of plunger t ravel  in capsules recovered a t  regula r in tervals from the  rumen 

of f i s tu la ted an imals ,  or by ex trapol a t ing from the resu l t s  of previous tr ia ls  where data have 

been obtained by one of the  above methods 1 . Measurements from rumen -fistu la ted a n i ma ls  are 

m o re r e a d i l y  obt a i n ed a n d  c a n  be made  repeated ly  on t h e  same  capsu le .  H ow ev e r, two 

comparisons of intact  and fistula ted sheep at  Massey University have indicated tha t  ch romium 

release ra tes  were 1 1 .6 and  1 3 .0% sl ower in the rumen-fistu lated an imals  (sec Chapter  S ix ) .  

While the  sam e  manufactu ring batch of capsules was used i n  these compa risons, a nd herbage 

a l lowances  t o  t he  groups were  s i m i l a r ,  t he  i n tac t  and rumcn-fistula tcd an imals  w e re grazed 

sepa r a te ly .  It is poss i b l e ,  t h e n ,  t h a t  d iffe rences  i n  c h ro m i u m  re lease ra te  w e r e  d u e  to 

differences i n  herbage i n take ra ther  than to rumen fistula t ion per se. 

Trials u sing chromium CRC with sheep graz ing at pasture at Massey Un iversity have shown  tha t 

other factors may influence the rate of chromium release because the recovery of chromium i n  

the  faeces has  varied with the l evel of herbage in take  (Chapter Four and  Chapter Seve n ) . Thus 

the recovery of chromi u m  has consistently been low or h igh when sheep have been grazed at low 

or h igh herbage a l lowances,  respectively. There arc two possible explanat ions for th is result. 

Either lower herbage in takes reduce rumen turnover and hence the passage of chromium from 

the rumen to  the anus (Moran et  a l .  1 987) or  the rate of chromium release from CRC is reduced 

by as yet unknown  factors when in takes a rc l ower.  I t  has no t  been possible to determine the 

rela t ive cont ribut ion s of t hese  fac tors  to t h e  l ower recovery of chromium in the previous 

experiments because of the confoun d ing effec t  of changes in feeding level at  relat ively short 

intervals (5-7 days) . 

1An unsuccessful a ttempt t o  measure plunger travel in sheep CRC by realt ime u l trasound 

scanning is  reported in Appendix 11. 
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The resul ts of experiments where chromium CRC were recovered by serial slaughter from ewes 

con tinuously grazed at uniform herbage al lowances, and comparisons of rates of CRC plunger 

travel in rumen-fistulatcd and in tact sheep grazed together, are presented in this Cha pter.  

MATERIA LS A N D  M ETHODS 

Experiment 9 

The experiments were conducted at the Haurongo Block of the Sheep and Beef Catt le Research 

Uni t  at Massey University in August-Septcmbcr,  1988. Eighteen mixed age ( M A )  Border 

Leicester x Romney ewes, weaned from an ea rly lambing study, were a l located to th ree equal 

sized groups balanced for l iveweight ( 6 1 .4± 0.9 kg, 61 . 1 ± 2.7 kg, 58.7 ± 1 .9 kg) . Each ewe was 

then dosed, using the Captec capsu le gun, with two 65% chromium OS capsules (3.0 cm pressed 

tab le t  core ,  9 .00 mm or if ice ;  Captec ( N Z )  Ltd ,  Auck land) ,  and the groups i m m edia te ly 

al located to continuously grazed pasture swards represen ting high (H) ,  medium (M) or low (L)  

herbage a l l owances.  Two CRC were admin iste red to each ewe to enable between-capsules 

within-sheep variation in ca psule performance to be assessed. The respective pasture masses 

and average compressed heights of the swards were: H. 2.1250 kg D M /ha, 2_5.5 cm;  M ,  850-

1 100 kg D M /ha ,  3.5-4 . 6  c m ;  L, 435-650 kg D M /ha,  1 .6-2.6 cm.  These herbage a l l owances 

equated to ad l ibitum, m ain tenance ( M )  and 0.7 M intakes respectively (Rattray et a l .  1 987) .  

Average pas ture height  w a s  recorded three t imes weekly (80 readings/paddock)  with a n  

Ellinbank Pasture Meter (Earle and McGowan 1979). The rela tionship between pasture mass 

(y) and height (x) was assumed to be:  

y = 79 + 223x; n = 52, r = 0.947 

This regression equation was derived from calibra tion pasture cuts taken from similar swards in 

an adjacen t  grazing trial midway through the present experiment (sec Chapter Eleven) .  Sward 

conditions were maintained on the L and M trea tments by grazing additional sheep with the 

treatment animals .  This was not critical for the H al lowance where ewes were on ad l ibitum 

feed intakes. 

One ewe from each group was slaughtered between 1400 h and 1600 h on each of days 4, 8, 1 2, 

16, 21  and 24 after the administration of CRC. CRC were recovered from the rumen within 10 

minutes of s laughter and the posi tion of the plunger was measured by callipers ( Mitutoyo, 

Tokyo) to within 1 mm.  Readings were taken from opposite sides of each barrel to account for 

any u neven plunger displacement .  A sample of rumen contents (c .50 ml) was retained from 

each ewe before the rumen paunch and reticulum were washed out with water and the wal l  

l inings inspected for signs of capsule wing damage. The rumen sample was freeze dried to 

determine O M  content. Duplicate 1.0 g samples of the dried material were ashed overnight at  

550°C to measure OM content. These data provided an indication of the "abrasiveness" of the · 
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rumen contents. 

Three MA rumen -f i s tu l a t e d  wethers ( 77 .9 ± 5 .9  k g ) were each fit ted with a single 65% 

chromium 3.0 cm OS capsule (of the same specifications as those used in the ewes), on the same 

day as  administra t ion of ca psules to the ewes.  The capsules were a t tached by nylon string to the 

cannula plug ( H arrison et a l .  198 1 ) .  The wethers were then grazed wi th  t he M group for the 

fol lowing 24 days. CRC were recovered from the wethers a t  1 100 h on each ewe slaughter  date 

and plunger d isplacement was measured in  the same manner as  described for those recovered 

by s laugh ter .  The capsules were mea sured d irec t l y  out of the rumen envi ronmen t  and were 

returned wi th in two minutes to min imise the effects of changes in tempera tu re .  

Sta t i s t i ca l  a n a lysis 

The mean  p lunger t ravel data for each ewe from the date of inser t ion (day0) was i n i t i al ly f i t ted 

to a univar iate regression model (y = a + bx )  to est imate the l inearity of chromium release rate 

with in a herbage al lowance. A second regression model inc lud ing terms for date of sl augh ter 

(di ) ,  feeding l evel  ( lj ) ,  a n d  a n  i n t e rac t ion term (d l ij ) was  used t o  tes t  for h o m ogene i ty of 

regression l ines between t h e  d ifferent herbage a l lowances (Snedecor and Cochran 1 967).  For 

the second model each CRC was assumed to represent an independent  observa t ion of plunger 

travel ,  t h e  error var i ance being t h a t  be tween C R C  w i th i n  she e p  plus t he between-sheep 

varia tion . The same test of  homogeneity of regression lines was u sed to compare plunge r travel 

data from the M ewes and the fistulated wcthers.  Wi th in-sheep differences in plunger travel 

were expressed as a coeff icien t of variat ion ( CV, %)  and were also ana lysed for homogeneity of 

variance using Bartlett 's test .  Regression analyses were conducted using the 'REG'statistical 

package (G il mour 1985) . O ther ana lyses were performed with the 'SPSSX' programme (SPSSX 

1983) .  

RESU LTS 

Recove ry of C R C  a n d  Condi tion of Rumen Contents 

All except two capsules, one per ewe on two slaughter dates from the L grou p, were recovered 

a t  sl a ughte r . One m issing CRC wa s found in the drenching race, a pparently h aving been 

regurgitated by the ewe soon after administration. The remaining capsule was not discovered. 

No obvious evidence of ca psule wing damage to the recticulo-rumen was found in any of the 
ewes, al though the reticular l in ing in one ewe was marked a t  one site. However, this damage 

was  no t  cons is tent wi th  the  norma l  pa t tern of CRC injury ,  where opposing wal l s  of the 

reticu lum a re both marked by m uscular  contractions of  the reticu lum against the extended 

wings of the capsule. 
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The different feeding levels resul ted i n  rumen contents which differed significantly (P  < 0.001) 
between groups in the percentage of OM (Table 8.1 ) . Thus, the intake of soil was apparently 

inversely related to the height of the pasture grazed. The percen tage DM of rumen contents, 

al though not significantly differen t, showed the sa me trend. 

Table 8 .1  Proportions of dry matter (DM) and organic matter (OM)  (mean ± sem)  in rumen 

conten ts from ewes grazed at different feeding levels, experiment 9.  

Feed ing  l evel  DM (%) O M (%)  

Low 10.38 ± 0.58 77.78 ± 1 .23 

Medium 9.37 ± 0.28 8 1 .82 ± 0.70 

High 9 . 1 9  ± 0.23 84. 1 7  ± 0.36 

Significance a N S  * * ,;.:  

asignificancc of feeding level effect (by ANOVA ) .  

Rate of CRC Plunger Travel 

Average dai ly plunger t ravel (d 4 to d 24) was 0.95, 0.9R and 0 .99 mm/d for the L, M and H 

herbage al lowances respect ively (Table 8.2) . This equates to chromium (Cr) release rates of 

136, 139 and 142 mg/d, or a 4% difference between the feeding level extremes. 

Table 8.2 Regression analysis of plunger travel (y) on t ime (x) a t  different herbage al lowances 

and est imated average da ily release ra tes of chromium from CRC in intact ewes and rumen-

fistulated wethers, experiment 9. 

Feeding Chromium 

level  Regression parameters release 

n a b r mg Cr/d 

Low 6 -0.887 ± 0.626 0.951 ± 0.040 0.995 136 

Medium · 6 -0.598 ± 0.740 0.979 ± 0.047 0.995 1 39 

6c - 1 . 137 ± 0.222 0.883 ± 0.014 0.999 126 

High 6 0.381 ± 1 .083 0.994 ± 0.069 0.991 142 

cMean reading for CRC in three rumen-fistulated wethers. 
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Plunger t ravel was shown t o  d iffe r significan t ly between feeding levels a t  the 5 %  level, but 

inspect ion of the m ean square values indicated that virtually all (c.99.7%) of the variation in 

p lunge r t rave l  was  ex p l a ined by the  day of capsule  recovery .  The w i th i n -feed ing  l evel 

regress ions of p lunger t ravel on measuremen t  date were not  significan t ly heterogeneous .  

Despite t he  regression l i nes being based on  da ta  from 6 different  an imals ,  the l inearity of 

chromium release was very high ( r2_0.99 1 ) .  

Plunger T ravel  in Rumen-Fistula ted vs  In tac t  Sheep 

The average daily ra te of plunger travel in  the rumcn-fistula ted wethers from d 4 of 0.88 mmjd 

( 126 mg Cr/d) was significantly ( P < O.OO I )  lower than the 0 .98 mm/d ( 139 mg Cr/d) recorded 

in the M e w e s  i . e  an 1 1 %  diffe rence (Ta ble 8 . 2 ) .  Diffe rences between she e p  type in the 

regression coefficient  of plunger t ravel on t ime were also close to being sign ifican t  (P  < 0. 1 ) .  

The correlation (r) between plunger travel and date of measurement i n  the fistulates of 0.999 

indica tes that  the ra te of chromium release was linear between days 4 and 24 of grazing. The 

marginally lower correlation ( r = 0.995) in the M ewes includes the effects  of different capsules 

and sheep .  

Var ia t ion Betw een C R C  Within Ewes 

The mean CV between p lunger displacements of CRC within sheep was 2 .5, 6.2 and  5.8% 

respectively in the L, M and H feeding level groups (Table 8.3). In  one instance teeth damage 

to the CRC ba rrel during admin i st ra t ion may have contributed to a high CV between CRC. 

Capsule p lunger t ravel exh ibi ted a s imi lar level of varia t ion wi th in each feeding level and 

variation in plunger travel did not significan tly increase through time (i .e .  va riances were not 

significantly heterogeneous by Bartlct t 's  test ) .  

Table 8.3 Within sheep variat ion (CV, %) in  plunger displacement  between two chromium 

CRC recovered by slaughter, experiment 9.  

Es..�;<d i112 ha:s..l 
Day of sla ughter  L M H 

4 0.0 9.0 2.0 
8 a 3 .0 7 .9 

12 a 16 .ob 7.0 
16 6 .0 5.ob 2.0 
21  1 .0  1 .0 15.0 
24 3.0 4 .0 2.0 

Mean ( ±  sem) 2.5c 6.2 5.8 

�Only one CRC recovered at slaughter .  
CRC barrel damaged by teeth during administ ration . 

cBartlett's test of homogeneity of variance between feeding levels and within slaughter days 
across feeding levels indicated variances were not significantly heterogenous. 
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D ISCUSSION 

This experiment has demonstra ted that feeding levels ranging from approximately 0 . 7  M to ad 

l ibitum for non-lactating ewes continually grazed at  pasture significan t ly affected of the rate of 

chromium release from in tra ruminal  CRC. Thus, release ra tes increased with the a m ount of 

herbage available to the ewes. This was probably associated with differences in rumen O M  and 

OM con ten ts between groups on d ifferen t  sward types. In pract ice the 6 mg Cr /cl ( 4 % )  

cliff erence between release rates a t  the lowest and highest levels of intake recorded in this trial 

could mean that faecal output would be incorrectly estimated by c.2% because of a feeding level 

effect if an overal l  average rate of chromium release was used in calcula tions. This error is 

smal ler than the between -sheep CV of 4-8% in chromium release rates when sheep a re grazed 

together (EIIis and Rodden 1 987 ) .  The resul ts confirm those of the slaughter t rials reported in 

Chapter Six which showed that if feed in takes arc reduced to very low levels ( < 0.6 M )  for 5-7 

days, capsule performance will be compromised because of changes in the rumen environment. 

These l ow l eve l s  of i n t a k e  may be encoun te red in high s tocking rate rota t iona l  grazing 

experiments with 7-10 day in tervals  between pasture shifts (Sheath 1982) .  

The effects of herbage al lowance on  low recoveries of CRC chromium from the  faeces of  sheep, 

as reported in Chapters Four and Seven, could therefore be due to a combina tion of the change 

in rate of chromium release and differences in the passage of chromium from the rumen to the 

anus (Lambourne 1957b) . 

Chromium release rates were 1 1 % lower in the CRC inserted into rumen -fistula ted wethers 

than th ose in the in tac t  ewes when both groups of an imals  were grazed t oge ther .  Gender 

differences a re unlikely to have con tributed to this difference because both ewes and wethers 

were in a similar physiological state during the t rial .  The lower ra te of plunger t ravel in  the 

fistu l a ted an imals  could be expla ined by the diffe rent gaseous condit ions in the rumen of 

fistu la ted sheep vs  in tact  an imals (Laby 1986) . This resu l t  confi rms the earlier findings and 

indicates that plunger travel data obtained from fistula ted sheep should be used with caution in 

intake studies. H owever, if differences in plunger travel between fistula ted and intact animals 

are consis tent ly l ower by 10- 13% (as suggested in Cha pter Six and by Laby ( 1986)) ,  then it 

would be possible to adjust t ravel by a correction fac tor of around 1 . 12 .  Further work is a lso 

requ i red to est abl ish whether it i s  appropria te to extrapolate the plunger t ravel data  from 

rumen-fistulated sheep grazed a t  a CRC testing stat ion to an experimental site at a d ifferent 
loca tion.  

The l oss of two CRC from the ewes slaughtered and teeth damage to two capsule barrels can be 

at tr ibuted to  the dosing procedure used, a lthough both the technique a nd equipment were as  

recommen ded by the  manufacturer. The recommended procedure of releasing CRC a t  the back · 
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of the tongue has two potential disadvantages. First, the sheep i s  able t o  bite and damage a 

capsu le  if i t  becomes d islodged from the gun during appl ication . In some cases i t  wi l l  be 

possible to recover the damaged CRC before swal lowing and replace it  with a new capsule, but 

in other cases (as in this tr ial)  it may not be apparent that damage has occurred. Il should be 

noted t h a t  n ot a l l  teeth da mage to  the barre l  wi l l  affec t CRC performance.  The second 

disadvantage of "back of the tongue" application is that an "apparently" swallowed ca psule can 

be regurgi tated from the oesophagus some time after dosing. Australian experience suggests 

tha t this happens with increased frequency where more than one capsule is being administered 

(Rodden 1989) .  Wai ting for a short period after dosing (c. 1 min.)  to ensure that the capsule 

has been reta ined in the rumen i s  a worthwhile practice. Oesophagea l applicat ion using a 

flexible and soft rubber hose with an end configurat ion that protects most of the CRC unti l  it is 

forcibly displaced a t  the thoracic inlet overcomes both of these problems. However dosing by 

this method is slower and is physically more demanding on both the operator and the sheep (see 

Chapter Five ) .  

In conclusion, the  plunger t ravel data  obtained in th i s  study provide further evidence of the 

efficacy of CRC for del ivering chromium uniformly and safely into the rumen. This suggests 

that if all chromium is recovered in the faeces an accurate estimate of faecal output in grazing 

animals should be obtained. In the next Chapter a comparison between faecal output measured 

by total collection and estimated by faecal chromium concentration is described. 



CHAPTER NINE 

INTRARUMINAL CHROMIUM CRC FOR MEASUREMENT OF 
FAECAL OUTPUT BY SHEEP AT PASTURE 

INTRO D U CT I O N  

Indoor feed i ng exper iments  involving sheep f i t t ed w i t h  intraruminal  chromium c on t ro l led 

re lease c a ps u l e s  ( C R C )  in d i ca te t ha t  faecal  o u t p u ts can  be rel ia bly pred icted from the 

concen t ra t io n of ch rom i u m  in t he  faeces ( Laby e t  a l .  1 984 ; Chap t e rs Five and S i x ) .  No  

compa rable studies of t he  a ppl ica t ion of CRC for  predict ing faecal ou tputs  i n  sheep a t  pasture 

have yet been published . The object ive of the  exper i ments reported in this Chapte r was to  

determine the su i tabi l i ty of  CRC for  est im a t ing faecal output and  feed in take in shee p grazed 

on pa s tures of d ifferent heights.  

In add i t ion the swa rd ring faecal sa mpling method ( Raymond ..and M inson 1955) , which has 

advan tages of l ower  l abou r  req u i r emen t s  and kss an ima l  d i s t u rbance,  was compa red wi th  

sampling faeces per  rectu m  as a means of  es t imat ing faecal outpu t .  

MATERIA LS AND M ET H O DS 

Expcr i m cn l l O  

A n imals  

Ten eight-month old Romney and Romney cross ram la mbs (average l ivewe igh t 39.4 ± 0 .8  kg; 

mean ± sc m ) were divided in to two groups of 5 and in t roduced to the experimental  area on Ap ril 

28, 1 988 (d 0 ) .  On the sam e  day each sh eep was fitted with a faecal c ol lect ion bag ha rness, 

dosed with a s ingle 65% chromium CRC (3 .0 cm pressed tablet core, 9 .00 mm orifice, Mark 1 1  

design)  and drenched with a n  ivomectin-based an thelmint ic for internal parasite con trol. 

The ram lambs in group 1 were set stocked onto a medium (M) pasture allowance t reatment, 

and t h ose f r o m  g r o u p 2 o n t o  a h igh  ( H )  pa s t u re a l l owance ,  four days af t e r  capsu le  

administrat ion (see Table  9 . 1  for deta i ls  of  sward cha racteristics) . Faecal collections, with 

plastic bag l inings changed a t  0900 and 1.600 h each day, then commenced f ClT a 3 day animal 

famil iarisation period. The init ial 5 day faeces collection period (period 1 )  began on the sixth 

day after capsule insertion . Period 2, also of 5 days duration, commenced on d 13, 2.5 days 

after the groups switched grazing treatments .  

A third collection period of 8 days (period 3),  with a l l  animals grazed together on the H pasture 

allowance, commenced 18 days after capsule administration. During this period one group was 

n ot bagged whi le  the other group was f i t ted with faecal collect ion bags on a l ternate d ays. 

Faeces from the unbagged an ima ls  were collected at 0900 h each day from wi thin  12 rings 
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Faeces from the unbagged an ima ls  were collected a t  0900 h each day from wi thin 12 rings 

marked by pegs (2m radius, 3 per quarter and equivalent to 3.4% of the sward area) .  Rings 

were randomly allocated within each quarter of the plot. Thus faecal output was measured by 

bags on 4 days and est imated indirectly from the chromium concen tration in  the faecal ring 

samples on 4 days for each group during period 3 . 

Morning (0900 h)  and evening ( 1600 h)  faecal samples,  equivalent to rec tum grab samples 

(which are not readily obtained on a routine basis from immature sheep), were collected from 

the top of the excreta a t  each bagging change during the middle 3 days of periods 1 and 2, and 

daily from each bagged group during period 3. These samples were individual ly identified as 

am and mn samples. 

Ram l ambs  were weighed at the com mence ment  of each grazing trea tment and prior to 

slaughter 26 days after capsule insertion . CRC were recovered at  slaughter from each animal 

and plunger displacement from the time of insertion was measured by dial callipers (Mitutoyo, 

Japa n ) .  Re t i cu lum and  rumen  wa l l  l in ings  were in spected for evidence of capsule wing 

irrita tion. 

Pastures  

Two 0 .45 ha p l ots of ryegrass-brown top-whi te  c lover pasture were prepared t o  represen t  

medium and  h igh pasture al lowances over a 4 week period prior to  the  commencement of the 

tria l .  This incl uded the removal  of a l l  s tem material by forage harvester. Pasture mass was 

measu red by n i n e  0 .24 m 2 q u a d ra ts (3 per q u a r ter)  cut to ground level with a shearing 

handpiece on d 7 and d 18  of the trial .  The harvested ma terial was washed and oven dried a t  

80°C for 24 h to  determine D M yield p e r  hectare .  These pasture cuts were a l s o  used to 

calibrate Ellinbank Pasture Meter (EPM) height readings in order to estimate DM yield. EPM 

readings ( 50 readings/plot)  were recorded twice weekly during the experi menta l  period . 

Average green leaf contact height was recorded on the same days using an HFRO sward stick 

(45-60 readings/plot) . EPM and sward stick measurements were always taken across the same  

diagonal of each plot. 

Sward composition was determined by partit ion ing approximately 50 g of fresh herbage, cut to 

ground level and collected a t  random across the plots ( days 7 and 18) , into grass, clover, weed 

and dead components. Ma teria l  which was more than 50% senesced was classified as being 

dead (Thomas 1980) .  
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Herbage d igestibil i ty 

Herbage ex t rusa s a m ples  w e re co l lec ted f rom 4 oesophageal ly fistula ted wethers (OF:2 

wethers/trea tmen t/collect ion period) d uring each period. One of each pair of wethers was 

switched between trea tments within periods to obtain an estimate of between -animal variation 

in herbage digestibili ty estima tes. Extrusa was collected, into clear plastic bags fitted around 

the neck of each OF, fol lowing the  procedure outl ined by Hodgson and Rodriguez ( 1971 ) .  

Collect ion of a 5 0  t o  200 g sample  took 1 0  to 15  m in utes , b u t  for the medium treatment this 

required the OF to be grazed on a low pasture allowance for 12 h prior to sampling. Exr rusa 

( including saliva) was sealed in plastic  bags and placed into crushed iced immediately after 

removal from the OF to minimise biodegrada tion of the sample. Samples were stored frozen 

before being freeze dried then ground through a 1 .00 mm sieve for in vitro d igestibi l ity 

determinat ion using a method modified from Roughan and Holland ( 1977) .  Samples were 

assayed against 6 pasture standards of known in vivo digestibility collected from wether sheep 

fed indoors. 

A subsample of extrusa (c.  2 g/sheep) was dissected by point analysis (sec A ppendix IV )  into 

the same categories used for botanical composition for each collection. A count of 100 points 

was made for each duplicate sample.  

Faecal chromium a nalysis  

Faeces from the two bagged collections each day were bulked and weighed to determine the 

fresh weight of total da ily output .  Dupl icate sub-samples of 120- 180 g were oven dried at  80°C 

over a 72 hour period to a constant  weigh t .  A pproxima tely 50 g of the dried sa mple was 

reta ined for chromium analysis u sing the procedure described in Chapter Two. Sward ring 

samples  from period 3 were bulked within days but otherwise were processed by the same 

routine. 

Faeces were prepared for analyses by different methods, as detailed below, to identify the m ost 

effective means of estima ting faecal output.  

1 .  Across days within periods for individual animals (BULK-G) :  Sub-samples of 3 0  g faecal 

OM from each animal 's daily output were combined across the 5 days of periods 1 and 2. 

The bulked sample was ground through a 1 . 00 mm sieve ( Cranston, England) and 1 .00 g 

duplicates from this composite were analysed for their chromium content .  Intact faeces 

were bulked on the same basis ( 1  g/sheep/day) prior to assay and the 5.0 g composite was 

digested to determine chromium content (BULK-I ) :  
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2. Daily estimates for individual animals within periods (DAILY - 1) :  One gram sub-samples of 

intact faeces from the bagged dai ly collections of each animal were analysed for each day 

within each treatment period . Individual daily estimates were averaged within periods to 

provide mean output per period (g/animal/d; DAILY -C). 

3. Simula ted . .  rectum'' grab samples (AM-PM):  Morning and evening simulated .. rectum" grab 

samples, collected as described previously, were ana lysed separately for individual animals 

within days and periods. These data a lso provided an estimate of diurnal variation. 

Analyses for chromium were repeated for samples where the CV between duplicates exceeded 

5%, or where the calculated recovery of chromium lay outside the range 85 to l 15%.  The 

recovery of chromium and dai ly release rate of chromium were determined by the formulae 

detailed in Chapter Three. 

To estimate chromium recoveries for the sward r ing sam ples , the mean group bagged faecal 

output by the same animals on the day prior to swa rd collection was used as a proxy for the 

weight of faeces produced on the day of ring sampling . 

Predicted group mean daily herbage organic matter intakes during periods were derived using 

the corresponding mean in vitro digestibi l i ties of the OF extrusa samples as follows: 

OMI (FO-S) 

where O.MI 

FO 

s 
OMD = 

Experiment  1 1  

Animals  

1 -0MD 

predicted herbage OMI (g/d) 

faecal output predicted from the concentration of 

chromium in the faeces (g/d) 

Soil OM content of faeces (see Appendix IV) .  
in vitro O M  d igestibility of herbage 

Two groups of e igh teen month (3 per group) and mixed age (4 per group) first cross Border 

Leicester-Romney ewes were selected from the animals used by Walsh (1989) in an earlier 

study (see A ppendix I l l ) .  The average l iveweights of groups 1 and 2 were 62.4± 2.4 kg and 

62.9± 2. 1 kg respect ively on Apri l  29, 1988 (d 0), when each ewe was dosed with a single 

chromium CRC (3.0 cm pressed tablet core, 65% chromium matrix, 9.00 mm orifice, Mark 1 1  
design) .  Group 1 animals were then assigned t o  the H herbage allowance and Group 2 t o  the M 

herbage allowance (d 0) . Herbage allowances are described below. One mixed age ewe was · 
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removed from the trea tment  on d 3 of the tr ia l  to m ainta in  swa rd h e ight  but  n o  fur ther 

adjustments were made to stocking rates over the ensuing 16 days. Two ewes (1 eighteen month 

and 1 mixed age) were removed from the H plot from d 17 until the end of the trial ( d 22) for the 

same reason. 

Faeces were collected e i ther f rom the rectum at 0830 h each day or from the sward surface 

around six rings of 2.0 m radius ma rked by pegs in each of the plots. These collections were 

divided into two periods of 5 days and one period of 4 days, commencing on days 6, 12, and 18 of 

the experiment (periods 1 ,  2 and 3 respectively) .  Faeces from the sward rings were oven dried 

at 80°C over  at least  72 h un t i l  they reached a constan t  weight .  The total daily faecal DM 

output per plot was then recorded .  The enti re dried sample from each day's collection was 

ground th rough a 1 .00 mm sieve (Cranston, England) and thoroughly mixed. A subsample of c. 

50 g of the ground material was retained for chromium analysis. 

In vi tro digestibil i ty of herbage was est ima ted from extrusa collected from oesophagea l ly 

fistu la ted wethers .  Col lec t ions  were made from 2 wethers during each period using the 

techn ique described for Experiment 10. 

Pastures 

Two 0 .45 ha plots of predominan tly ryegrass (L .  percn ne) ,  browntop (A. tenius) and  white 

clover (T .  repens)  swards were prepa red to represent  high (H) and m edium ( M )  pasture 

allowances for ewes over a 4 week period prior to the commencement of the trial. The H and M 

swards were grazed to main tain uniform average EPM heights of 5 .0 and 3.0 cm respectively. 

EPM readings (50 per plot) were recorded every 3-4 days. Pre-treatment herbage mass in each 

plot was determined on d 0 from the mean of n ine 0.24 m2 quadrats cut to ground level with an 

electric shearing handpiece. At  the same time samples were collected from sites adjacent to  the 

quadrat cuts to determine the botanical composition (% dry weight) of the swards. The height 

of first green leaf contact was measured by taking 50 readings on each plot with an HFRO sward 

stick (Bartham 1986) on the same day that EPM height readings were recorded. 

Statistical Analysis 

Predicted faecal outputs were compared with bagged outputs by pairwise Student's t-tests using 

the SPSSX routine (SPSSX 1983) .  Diurnal variation was expressed a s  a percentage deviation 

(CV%) from the mean .am and lliil readings and analysed by a spli t-plot model which included 

term s  for group,  animal,  pasture al lowance, day, sampling time and their interactions. Level, 

day, and time effects were tested against the level x animal x group, day x l evel x group and t ime 

x day x level x group mean square values respectively. 
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RES ULTS 

Expe riment 10 

Sward conditions and herbage d igestibility 

Pasture EPM heights were main tained a t  an average of c. 2.8 and 4.5 cm respectively during the 

trial (Ta ble 9 . 1 ) ,  but pasture mass decl i ned on the H sward during period 2 as the effect of 

selective grazing by the ram lambs decreased the uniformity of the sward .  The proportion of 

dead material was more than twice as great on the M sward compared with the H sward during 

both treatment periods. This was refl ected in  a higher intake of dead material  by the OF 

wethers, and lower in vitro d igestibility values for this pasture than on the H sward. Although 

the clover content of the H trea tment was lower, OF we thers a ppeared to consume a higher 

proport ion of c lover tha n on the shorter pastu res of the M trea tment .  This response can 

probably be at tributed to the larger and more erect clover plants in the H sward. 

Table 9 . 1  Sward characteristics of h igh and medium grazing allowance t reatments, experiment 

10. 

Grazing Allowance 
Medium 

Period 1 2 

Sward charact�ristics 
Average EPM height(cm)a 2 .94 2 .71 
Average HFRO height (cm) 3.1 1  2 .93 
Pastu re mass (kg DM/ha)b 1395 1293 
Composition ( %) 
Grass 39.5 39.2 
Clover 2 .6 3.0 
Weeds 0.0 0.0 
Dead matter 57.9 57.8 

OM content 18.68 18. 16 

In vitro di��stibilit:t (%) 
DMD 71 . 10 73.39 
DOMD 61 .97 64.25 
OMD 74.91 76.83 

.Ex:trysa dir.;t cQmpQnr,;nts (%) 
Grass 63.0 73.8 
Clover 1 .5 1.5 
Weeds 0.0 0.0 
Dead 35.5 25.0 

aThe regression of pasture mass (y) on EPM height reading (x) was: 

b 
y = 330 + 368 x, r = 0.94, n = 38 .  

Average of quadrat cuts on days 7 and  18 respect ively. 

1 

4.61 
4.86 

2407 

75.8 
2 .2 
1 . 1  

2 1 .0 
15.99 

76.28 
68.16 
79.46 

68.5 
4.5 
1.5 

25.5 

High 

2 

4 .54 
4.79 
1753 

70.6 
2 .2 
0.0 

27.2 
14.7 1 

75.66 
68.21 
78.92 

88.3 
2.0 
0.0 

10.0 



1 1 8  

Rate o f  plunger travel 

Plunge r t ravel  (d 0 to d 26) and  expected dai ly quan tities of chromium (Cr )  released a rc 

summarised in Table 9.2. Mean plunger travel was 16.75% ( P < 0.001 )  faster in group 1 animals 

wh ich were in i tially assigned to the H pastu re a l lowance . The pa ttern of chromium recovery 

from twice -da ily rectum gra b  sa mples taken during pe riod 3 f rom the four sheep with empty 

capsules indica ted that the tablets expired within the final 24 h of the tria l .  Overall chromium 

release rates were estima ted on this basis. The chromium matrix in the CRC of sheep 7 had 

travelled 15 mm, but had subsequent ly e roded internal ly.  The release rate of chromium in 

sheep 7 must therefore have d iffered substant ially from that of the other sheep during the tria l .  

Ta ble 9 .2 Plunger travel i n  C R C  from insertion until slaughter and daily chromium release 

rates, experiment 10 .  Evidence of capsule injury to the reticulum and pre-treatment (d 0) 

liveweights a rc also shown . 

Group  Grazing 
Sequence Sheep 

M H H  1 
1 2 

3 
4 
5 

6 
7 

2 H M H  8 
9 
10  

Mean (sem) 

Live
Weight 
(kg) 

37.5 
40.0 
42.0 
37.0 
36.5 

42.5 
37 .5 
37.5 
40.0 
43.0 

39.4 (0.8) 

a All ca psu les had an in itial plunger reading of 30.5 mm. 

Plunger 
travcla 
(mm) 

30.5 
30.5 
30.5 
30.5 
26.0 

26.0 

26.0 
26.0 
26.0 

Chromium R eticulum 
release InJury 
( mg Cr  /d) 

1 67 
1 67 
167 
167 
143 

143 

143 
143 
143 

Minor 

Yes 
Yes 
Yes 
Minor 

Within-group CV for plunger t ravel was 6.7% and 0.0% (excluding sheep 7)  in groups 1 and 2, 

respectively. 

Minor surface damage to papillae on opposing walls of the reticulum indicated that contractions 

had occurred against the CRC wings. This action depresses voluntary herbage intake (see 

Chapter Five) .  I t  is not clear why more evidence of reticulum damage was found in the group 2 

animals or why plunger travel was more rapid in CRC in group 1 sheep. 
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Recovery of f aecal chromium 

The percentage recoveries of chromium from the faeces during periods 1 and 2 a re presented in 

Table 9 .3.  Recoveries of chromium from samples tested at a CSIRO labora tory i n  A ustralia 

(Ell is 1988) were n ot sign ificantly d ifferent from those analysed at M assey Un iversity .  The 

mean recoveries for groups within periods suggest that an in teraction between faecal chromium 

concentra tion and level of  herbage intake occurred . 

Table 9 .3 Recovery of chromium f rom BULK-G faecal samples, experiment 10 .  Figures in 

brackets a rc the recoveries of chromium for samples analysed by CSIRO, Australia. 

G roul! 1 G rouE 2 
Sheep Period 1 P eriod 2 Sheep Period 1 Period 2 

( Medium)  ( H igh)  ( H igh)  ( Medium) 

1 9 1 .6 (99.8) 105.5 6 103.8 (87.7) 97.0 
2 93.8 (96.4) 102.5 7 95.8 (92 .5) 84.4 
3 93.2 ( 103.9) 1 12 .1  8 126.8 ( 136.8) 82.7 
4 96.5 (98.0) 1 12.2 9 129.4 ( 140.7) 100.0 
5 93.4 (89.6) 1 18 .4 10 109.7 ( 1 17 .7)  100.3 

Mean 93.7 (97.5) 1 10.2 1 1 1 . 1  ( 1 15 . 1 )  9 1 .5 
Overal l  mean 101 .2 103.0 

Within -day varia tion in  chromium concentration 

The var iat ion between m orning a n d  afte rn oon faecal chromium concen t ra tions for individual 

a n i m a l s  exceeded 1 0 %  on  16  of the 54 days i n  which sa mp les  were co l l ected (Table 9 .4 ) .  

Differences between .l!!Il a n d  nm sampling times within and across days a t  each feeding level were 

not  sign ifican t  for both groups. The effect of pasture a l lowance was sign ificant at P < O.l .  N o  

consistent trend for individual animals was evident hut variabil ity was grea ter on day 14  in group 1 

animals .  This probably reflects the fact that faecal chromium had not stabil ised a t  a n ew steady 

state ( see Chapter Seven) f allowing the transfer of these animals from the medium to high f ceding 

allowance. Consistently lower chromium concentra tions for the afternoon of d 14 support this 

view. 

Table 9.4 Mean within-day coefficient of variation (CV,%) between .a.m and .nm faecal chromium 

concentrations, experiment 10 (sheep 7 is excluded) .  

Day of rectal sampling 

8 9 1 0  14 15 16 

Group 1 7 .92 6 .7 1 7.75 17.89 6.68 5.75 

Group 2 7 .83 1 1 .99 1 1.24 7.56 7.89 3.94 
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Prediction of f aecal  output 

1. B U LK-G, B U LK - I and DAILY-C Estimates 

The faecal outputs for individual animals predicted from chromium concentrations for different 

types of faeces sa mples a rc summarised in Table 9.5. Predicted group means within periods 

were within ± 12.2% of the values obtained by total collection. DAl LY -C samples provided the 

most consistent estimates of f aecal outputs for individual animals. 

Table 9 .5 Actual and predicted faecal outputs (g DM/d) over 5 days from daily sa mples of 

intact faeces (DA I LY -C) ,  and faecal  samples bulked across days (BULK-G and DAILY-I ) ,  

experiment 10 .  Figures within brackets a rc  the predicted values expressed as a percentage of 

actual (bagged)  mean faeca l outputs. 

G r OU(! 1 G rou(! 2 
Period 1 Period 2 Period 1 Period 2 

Actual faecal output 342± 1 9  356± 1 1  353± 20 255±21  

Predicted faecal outputa 
DAILY-C 343± 16 361 ± 21 338±25 27 1 ±  16 

( 100.5) ( 101 .4) (95.8) ( 106.3) 

B ULK-G 354 ± 20 326± 16*"'b 327 ± 31 277 ± 15 
( 103.5) (91 .6) (92.6) ( 108 .6) 

BULK-I 366± 17 389 ± 28*b 337± 29 281 ±  17 
( 107.0) (109.3) (95.5) ( 1 12.2) 

asee Materials and Methods for definition of sample preparation. 
bsignificance values refer to paired t-tests of differences between pred icted and actual outputs. 
All other differences were non-significant. 

2. Prediction of Faecal Output from Rectum Grab Samples 

The predicted and actual  dai ly faecal outputs for al ternative rectum grab sampling routines 

over the final 3 days of period 1 and period 2 are shown in Table 9.6. Predicted faecal outputs 

for the less intensive rectum sampl ing routines (3 samples) were similar to those derived if grab 

samples were obtained twice-daily, except for group 2 animals in period 2 .  Overal l  these results 

indicate that the effects of diurnal variation on the estimation of group mean faecal output were 
small .  
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Table 9 . 6  Actual and predicted group mean faecal outputs (g D M /d)  for a l ternat ive 3-day 

rectum grab sam pl ing rout ines ,  exper iment  1 0. Figures in brackets a re predicted values 

expressed as  a percentage of actual (bagged) values. 

S a m ples  Sa m pl i ng 
rou t ine  (n )  Per iod  1 

Actual 3 

Predicted 
AM-PM 6a 

AM-PM-AM 3 

PM-AM-PM 3 

AM only 3 

PM only 3 

352 ± 13 

360± 13 
( 106.3) 

348± 1 2  
(98.9) 

373 ± 14 + b 
( 106.0) 

356± 12 
( 10 1 . 1 )  

363 ± 1 5  
( 103. 1 )  

Group 1 (n = 5) 
Period 2 

355±9  

334± 15 
(94.1)  

341 ± 16 
(96. 1) 

326± 12* " 
(91 .8) 

346± 17 
(97 .4 ) 

322± 18"*  
(90.7) 

G ro up 2 (n = 4) 
Per iod  1 Per iod  2 

366± 15 241 ± 13 

367 ± 2 1  274 ± 1 7 * *  
( 100.3) ( 1 13.7) 

366 ± 26 267 ± 17  
( 100.0) ( 1 10.8) 

368 ± 34 282± 17 *  
( 100.6) ( 1 17.0) 

364 ± 32 268± 18  
(99.4) ( 1 1 1 .2 )  

370± 30 280± 16"  
( 10 1 . 1 )  ( 1 15.7) 

aNumber  of sa m ples  collected per animal .  
bsignificance values refer to paired t - tests of differences between between predicted and actual 
(bagged) faecal output. 

The poorer prediction of mean output in group 2 can be a tt ributed mainly to the low recovery of 

chromium from the faeces of sheep 8. Data for chromium recovery (Table 9.3) show the sam e  

effect. It  therefore seems likely that some of the small hard pelleted faeces produced by sheep 

8 were not collected, resul ting in underestimation of true faecal output for this animal .  

3. Pred i c ti o n  of Faecal O u t pu t  by Sward Ring Sampl ing 

G roup mean d a ily  bagged faecal  ou tpu ts of  group 1 and  2 an ima l s  d ur ing p er iod 3 a re 

summarised in Table 9.7. Differences between groups over the 4 collection days were small and 

non-significant, indica ting that  the presence of the collection bag did not affect intakes during 

this period. Daily faecal outputs across the 8 days of period 3 were uniform (CV = 4.4%) and, 

although average pasture he ight declined from 4.3 to 3.6 cm during this t ime, the increased 

ingestion of soil (as shown by the 5 to 7% rise in faecal ash content) compensated for this in 

terms of faecal DM production. 

Daily faecal outputs predicted from the chromium concentration of swa rd ring samples were 

not signif icantly d ifferent from the actual  (bagged) outputs (Table 9.7), indicating that the 

sward sam pling technique can be used successfully with CRC. This is despite the low release 

rate in sheep 7, suggesting that e ither the faeces of sheep 7 made a relat ively small contribution 

to the total ring sam ple each day or that h igher than average CRC release rates occurred in . 

some of the remaining sheep in  group 2. 
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Because the slaughter data indicated that CRC performance could be unreliable during the final 

two days of the trial, 10 g DM of ground faecal material from the sward rings was bulked across 

the first 3 days of collection for each group .  Predicted faecal outputs for these chromium 

analyses were within ± 4.3% of the mean measured outputs for both groups. 

Table 9.7 Faecal ash con ten ts, and  actual  ( bagged) and predicted group mean  faecal  

outputs (g D M /d) for sward ring sam pling (sward) on individual sampl ing days , experiment 10 .  

Faeca l  outputs predicted from a m  and D..!!l rectum grab samples (grab) on the days of total 

collection are also shown. Figures in brackets arc predicted values expressed as a percentage of 

actual (bagged) output. 

Group D ay A sh Faecal ouq:!ul measuremen t 
( % )  Actual Sward G rab 

1 20 19 357 378 422 
22 2 1  347 344 3 15 
24 22 347 344 338 
26 26 402 398 343 

Mean 22 363a 366 355 
( 100.8) (97 .7) 

2 19 19 357 371 386 
2 1  1 9  358 333 363 
23 2 1  342 308 432 
25 24 384 380 371 

Mean 2 1  360 347 388 
(96.4) ( 107.8) 

3All differences between faecal sam pl ing methods and between groups were non-significant .  

Rectum grab samples (0.5 g/collection) were bulked for morning and evening collections across 

sheep in each group for each of the 4 days in period 3 (Table 9.7).  Faecal sam ples for sheep 7, 

which had chromium concentrations tha t  were approximately 50% of those for the rema ining 

sheep in group 2, were included. This provided a measure of faecal chromium comparable with 

that obtained by swa rd ring sam ples the fol lowing day . Est imates of mean faecal  ou tpu t  

provided by rectum grab sam ples were no t  significantly different from those obtained by sward 

ring sampling or bagging. Average diurnal variation during period 3 was much lower in  group 2 

animals (3.6% vs 20.2% in group 1 )  because capsules were still in a "linear" release phase a t  the 

t ime of faeces collections. 
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Herbage intake estimated from total faecal collections and predicted faecal output 

Herbage intakes of ra m lambs (Table 9.8) were derived from actual  faecal outputs and from 

faecal outputs est imated using the concentrat ion of chromium in rectum grab sam ples (Table 

9.5) together with the mean in vitro digest ibi l i ty of extrusa collected from the oesophageal 

fistulated wethers during each grazing period (Table 9 . 1 ) .  The correlation (r) between the 18 

estimates derived from total collection and rectum grab sample Cr203 concentration estima tes 

was 0.87. Group mean estimates of OMI were therefore similar and d iffered by a maximum of 

8.6% in group 1 animals while on the H allowance . Intakes on the M swa rd were equivalent to 

0.9 to 1 . 1  M while those on the H sward were estimated to be 30-50% above m ain tenance 

requirements for a 40 kg ram lamb (Rattray 1986) .  

Table  9 .8 Est ima tes  of  faeca l  ou tpu t  a n d  feed  in take  ba sed on to ta l  collect ion or the 

concen t ra t ion  of Cr20 3 in rectum grab s a m ples from ram l a mbs grazed at  two pasture 

allowances, experiment 10 (sheep 7 is excluded) .  

Herbage al lowance M H 
Method Total Total Sign. a 

Collection Cr203 Collection Cr203 M 

Group 1 (n = 5) 
Faecal output (g DM/d) 361 ±  16 360± 14 355± 12 334 ± 15  NS  
Feed intake: 
- (g OM/d) 1009± 60 1005±43 1262± 43 1 16 1 ± 45 NS 
- (kg DM/d)  1 .20± 0.03 1 .20± 0.04 1 .45± 0.03 1 .33± 0.03 NS 
- (MJ M E/d) 12.12b 12.12 16 .12 14.79 

Group 2 (n = 4) 
Faecal output (g DM/d)  241 ± 213 274± 17  366± 27 367 ± 43 + 
Feed intake 
- (g OM/d) 739 ± 76 818±57 1317 ± 95 1292± 146 NS 
- (kg DM/d)  0.87± 0.09 0.97± 0.07 1 .53 ± 0. 1 1  1 .50 ± 0.17  NS 
- ( MJ M E/d) 8.79 9.80 16.02 15.74 

asignificance values  refer to paired t - tests of d ifferences between actual faecal output and 
estimates derived from faecal Cr203 concentration . 

bEnergy value of daily feed intake = (DOMD x 16.3 x DMI) .  

Experiment 1 1  

Sward conditions and herbage digestibility 

Sward condit ions and measures of herbage qua l i ty during experiment 1 1  are summarised in 

Table 9.9. Except for a sl ight  decl ine i n  pasture mass and height during period 3 on the H 

treatment, pasture conditions were maintained in a uniform state during the trial. The in vitro 

digestibili ty of extrusa from the shorter pastures grazed by group 2 ewes was  significan tly 

(P < 0.05) lower than for the herbage samples collected from the a rea grazed by group 1 .  

H 

+ 

.. 
"' 

NS 

NS 
NS 
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Table 9.9 Pasture mass, composition and in vitro d igestibilities of herbage, experiment 1 1 .  

Group 1 Group 2 
Period (P) Pl P2 P3 P l  P2 P3 

Swa rd charact�ri:itics 

Average EPM height (x;cm) 4.6a 4.6 4.2 2.8 2 .9  2 .8  

Average HFRO height (cm ) 4.7 4 . 1  4.0 3.0 2.8 2.6 

Pastu re mass (kg DM/ha) 2023 2023 1876 1360 1 397 1 360 

Pasture  com posi t ion ( % O M )  

Grasses 58.7 62.2 37 .7 45.4 

Clover 2.5 3.0 2.8 7.3 

Weeds 1 .0  0.5 0.0 0.6 

Dead 38.1 34 .8 59.5 44.7 

In vitro dicest ib i l i t;t (%} 

DMD 75.94 76. 18 70.87 70.45 

OMD 79.37 79.56 75.4 1 75.00 

DOM D 68.22 68.66 61 .96 63.84 

aAverage pasture residual = 380 ( ±  107) + 368 ( ±  22)x, r = 0.94, n = 38. 

Com pa rison between sward ring and rectum grab sampling 

Differences in the mean chromium concentration in the faeces obtained either by sward ring 

sam pl ing or per rectum were smal l  (Table 9 . 10 ) .  The apparent OMI derived from the two 

sampl ing regimes were therefore similar (maximum CV = 5.4%) . Contamination of sward ring 

samples by soil was low as indicated by the small variation in ash content of f aeces collected by 

the two methods. This reflected the generally dry weather conditions experienced during the 

trial. 
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Table 9 .10  Comparison between sward ring (SR) and rectum grab ( RG) sample estimates of 
fae cal  ou tpu t  and OMI ,  experiment  1 1 . Figures in brackets are  coeff ic ients  of va r ia t i on 
between estimates. 

Period 1 Period 2 
Group l. Group 2 Group 1 Group 2 

SR RG SR RG SR RG SR RG 

Faecal chromium 

( ppm )  6 . 8 9  6 . 60 ( 3 . 0 )  5 . 87 5. 77 ( 1 . 2 )  6 . 15 6 . 3 3  ( 2 . 0 )  5 . 97 5 . 87 ( 1 . 2 )  

Faecal ash 

(t OK) 20 . 3  2 2 . 5  ( 7 .  3 )  20 . 3  2 2 . 9  ( 8 . 5 )  2 3 . 9  21 . 2  ( 8 . 5 )  2 2 . 5  20 . 8  ( 5 . 6 )  

Faeces 

(9 OH/d ) 378 410 ( 5 .  7 )  445 469 ( 3. 7) 426 423 ( 0 . 0 )  4 3 7  4 4 5  ( l . J )  

Feed intake 

(9 OH/d ) 1462 1 579 ( 5 . 4 )  1372 1418 ( 2.  3)  1638 1U6 ( 0 . 3 )  1 3 2 4  1 3 29 

A significantly (P  < 0.0 1 )  greater dry weight of faeces was collected from the h igh a l lowance 

rings during periods 1, 2 and 3 (Table 9. 1 1) .  The stocking rate on this plot was approxima tely 

15% higher than on the M sward. The mean daily weight collected represented a minimum of 

1 .2% of the est imated mean total  dai ly faecal outpu t  on each sward. This compares with a 

sampling fraction of a pproximately 0.25% under a once-dai ly rectum grab sampling routine. 

Table 9 . 1 1 Total weigh t ,  DM content and proport ion of daily output of faecal samples  

collected from sward rings on the high (H) and (L) pasture swards each day, experiment 11 .  

Faeces ( 9  OH/d) 

( tOM) 

suplinq 

fraction ( t )  

Period 1 
Group 1 
Riqh 

2 1 . 7  

Group 2 
Mediua 

69_!19 

2 5 . 4  

2 . 6  

Period 2 

croup 1 
Hi9h 

55!9 

1 7 . 1  

1 . 9  

Group l 
HediWI 

20 . 1  

1 . 2  

Croup 1 
Biqh 

92!19 

2 0 . 4  

4 . 3  

Period 3 

croup 2 

Mediu• 

1 8 . 9  

2 . 0  

8
Saaplinq fraction • •ean daily sward rinq saaple wei9ht ( 9  OH/d) expressed as a percentage of aean daily total faecal 

output (9 OM/ ) . 

Ring sites equivalent to 3.4% of the sward a rea therefore al lowed faecal sam ples comparable to 

those collected per rectu m  (Table 9.6) to be obtained. These results indicate that the intensity 

of sward rings could be adjusted according to s tocking rate with fewer sites being required a t  

higher stocking rates. 

( 0 . 0 )  
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Predicted faecal  outputs  a n d  feed intakes of ewes 

The p redicted faecal outputs and apparent OMI and DMI of ewes during experiment 1 1  are 

presented in Table 9.12.  Daily mean intakes of OM and DM differed significantly ( P  < 0.001) 

between g roups only dur ing per iod 2 .  Even a t  the low a l lowance,  a pparen t intakes were 

approxima tely 45% above the estimated maintenance requirements of a 60 kg ewe during both 

intake mea surement periods. The quality of pasture ingested was high in both swards (Table 

9.9) probably beca use animals were stocked at  a rate which enabled them to consume primarily 

new pasture growth . 

Table 9 . 1 2  Predicted faecal ou tputs and apparent herbage intakes of ewes, experiment 1 1 .  

Period 1 Period 2 

Group 1 Group 2 Group 1 Group 2 

Herbage a l lowance High \iedium H igh \1edium 

Faecal chromium (ppm) 6.60 ± 0.31  5 .77 ± 0.33 + a 6.33 ± 0.30 5 .87 ± 0. 1 0  

Faecal Ash ( '7<  D :VI )  22.46 :t 0.55 2.2.94 :t 0.44 2 1 . 1 7  :t 0.23 20.80 :t 0.23 

Faeces output  (g D:'-.1/d) 4 1 0 ± 26 469 :t 27 423 ± 1 8  445 ± 7  

Digest ib i l i ty ('7< 0 .\i)  79.37 75.4 1 79.56 75.00 

Feed intake 

-(g 0:-..1/d) 1 580 ± 100 14 1 8 :t 82 ! 646 ± 73 1 329 ± 33 • • •  

-(g 0:-.1/kg0.75) 7 1 .66 ± 3.22 64 .43 :t 2.57 + 66. 1 ± 3.5 55.8 :t 1 .4 • 

-(kg D:-..1/d) 1 .83 ± 0 . 12  1 .63 :t 0.09 1 .97 ± 0.09 1 .52  :t 0.04 • • •  

- \11 \1E/db 
20.35 1 6.46 22.05 15 .81  

- x\1 c 
1 .8 1 .5 2 .0  1 .4 

a significance of differences between groups within periods by Student's t-tests. 
bEnergy value of da ily feed intake = (DOMD x 16.3 x DMI) .  
cFeed in take as  a proport i on of maintenance requ irements  of a 60 kg ewe ( 1 1  M J  ME/d; 
Rattray 1986) .  

DISCUSSION 

Group mean faecal outputs of ram lambs estimated from the faecal concentration of chromium, 

were between 91 and 1 17% of the values obtained by total collections. This result was achieved 

despite variable CRC performance which resulted in significantly faster matrix expi ra tion in 

one group of animals, even though feed allocation to the two groups during the trial was similar. 

The CRC used in this study were manufactured some 15 months prior to their use and may not 

have received correct  s torage t rea tment d uring th is  per iod .  I n  add it ion,  the s tiff-wing 

configuration of the Mark 11 capsule caused damage to the reticulum wall l ining. This would 

have depressed feed intakes, as shown in Chapter Five, but any such effect should h ave been _ 
similar for both groups. The fai lure of the CRC in sheep 7 may have been precipitated by 
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damage during dosing, a l th ough n o  obvious damage to the plastic barrel was a pparent when i t  

was recovered a t  slaughter. The capsule deficiencies noted in experiment 10 are less likely to 

occur in the commercially available OS version which has a more flexible wing configura tion 

(Chapter E igh t) ,  but  care should be taken to ensure that  capsules a re stored in a dark d ry 

environment prior to their use ( La by 1986) . 

The apparent interaction between recovery of chromium and herbage allowance, evident in this 

a n d  ea rl ier  t r ia ls (Chap ter  Four ) ,  may  have  occurred partly because plunger travel was 

influenced by 2 to 4% by the level of intake on the M treatment (Chapter Eight).  Chromium 

recovery is also likely to have been affected because faecal sampling started 6 days after CRC 

administration and within 3 days of f ceding level changes. Both of these events mean that faecal 

sam pling probably occurred prior to a steady state concentration of chromium being achieved in 

the faeces of all the sheep ( Ch ap te r  Seven) .  P resentation of chromium in the faeces would 

therefore have been influenced by feed intake through changes in the rate of rumen turnover 

and hence the rate of passage of faeces (Chamberlain et al .  1988) .  

The alternative methods of prepa ring faecal  samples for chromium determination generated 

similar  estimates of faecal output  irrespective of the procedure fol lowed, confirming the 

findings reported earlier for experiment 5.  B ulking faeces across days reduced the number of 

samples a ssayed but variat ion between d u plicates was grea ter with intact than with ground 

faeces. This is because identical daily sample weights are more difficult to produce with intact 

faeces. Intact faeces also require extra a ttention during ashing to ensure that there is complete 

removal of organic matter ( see Chapter Two). 

The generally low diurnal variation in faecal chromium concentra tion when CRC are used (see 

also Chapters Three and Seven) mean s  that a flexible rectum sampling routine can be adopted 

to suit the availabil i ty of l a bour and to minimise disturbance of animals when CRC are used. 

Thus, if feeding levels are reasonably uniform between days and the capsule is established in its 

linear release phase, it should also not matter if faecal samples a re obtained on alte rna te days 

or at less regular collection intervals .  A 3-day sampling period, as  was shown for indoor 

conditions (Chapter Five), provided satisfactory estimates of faecal chromium levels and hence 

faecal output. However, a 5-day sampling period would yield a more reliable estimate of faecal 

output since the variation in faecal output between days is often h igh. 

Sampling of faeces from the sward provided an effective way of obtaining estimates of group 

mean faecal output in both experiments. This technique saves substantial labour and minimises 

animal disturbance, a n  important consideration when ewes with young lambs a re being sampled 

or when the trials involve small  animals  for which rectum grab sampling is inappropriate. 

Furthermore, if sward ring collections are made over 15 to 20 days and the samples are analysed ·  

independently, the v ariation i n  predicted faecal output  between days should theoretically 
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equate t o  the variation between animals within days (Blair 1988) .  

The reliability of sward ring sampling in experiment 10 was based on a proxy for actual  faecal 

output, namely the est imate derived by total collection from the previous day. Faecal output for 

the groups on the day of ring sam pling may therefore have diffe red, but the low varia tion 

between mean outputs for the 4 days of total collection during period 3 (CV = 7 .2% and 4.8% 

respectively for groups 1 and 2) suggests that this was unl ikely. Using the mean value of total 

faecal outputs for the days preceding and f allowing ring collections provided no advantage for 

determining chromium recovery. 

Swa rd sa m pling may reduce the  nu mber  of samples for ch romium ana lysis since faeces of 

individual animals cannot be assayed . However, experimental designs with more replicates of 

plots may be required to com pensate for the loss of faecal output data from individual animals . 

If sward ring sampling is adopted, a minimum programme of rectum grab sa mpling (of 3 days) 

is recommended to establish that CRC arc delivering chromium correctly in individual sheep.  

I t  is d ifficult to establish the validity of the herbage intake estimates obtained for the ram lambs 

in this trial because of the paucity of intake data reported for this cla ss of animal under New 

Zealand conditions (Rattray 1986). In addition, the short treatment periods and variation in 

gut-fill between treatments precluded the reliable measurement of livcweight gain.  However, 

Scales et a l .  ( 198 1) est im a ted tha t  l ambs of 26 kg l iveweight consum ed 0.7 kg OM/d when 

grazing pastures of 1700 kg DM/ha (800 kg green DM/ha) with a low clover content .  The 0.74-

1.00 kg O M I /d est ima tes calcula ted for the medium al lowance t rea tment  for 40 kg hoggets 

therefore a ppear reasonable. During cl a l .  ( 1980) suggest that  lamb intakes will just exceed 

maintenance requirements during the autumn on swards with 800 kg DM/ha of live herbage and 

that this wil l  increase to al low l iveweight gains of a round 100 g/d on pastures with 1400-1800 

green DM/ha.  The respective estimates of intakes of 1.0 to 1 . 1  M and 1 .5 M for the medium 

and h igh allowances in the presen t study correspond to these findings. 

The OMI of the high allowance ewes (c 1 .5 kg OM/ewe/d) in experiment 1 1  equates to a DMI 

of 3 .0% of l iveweigh t .  Under these conditi ons l ivcweight ga ins  of 50 t o  100 g/d could be 

expected (Rattray 1986), bu t l ivcweights recorded off pasture at the commencement and end of 

the trial (not corrected for gutfil l) indicated that the 5 ewes which were on the h igh al lowance 

throughout the t rial l ost 61 g/d. Ewes on the medium al lowance lost 143 g/d over  the same 

period. There a rc several possible explanations for the discrepancy between apparent energy 
intakes and measured l iveweight gains. First, l iveweights reflect differences in gutfill of up  to 

1 1% in  bodyweight and these could easily mask the 0.5 to 1.0 kg increase in liveweight expected 

during the t ria l  (Hughes 1976). Second, the "on-off" grazing sequence used for the oesophageal 
fistulated wethers to collect extrusa samples may have resul ted in in vitro digestibilities being 

highe r  than the swa rd average ( result ing in OMI  being overes t imated) .  Third,  currently 
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publ ished estimates of intake by ewes and their relationships with l iveweight gain may not be 

correct .  In addit ion,  whi le n o  est ima tes of energy expended to harvest feed were obtained 

directly, visual observations indicated that ewes on the M sward spent considerably more t ime 

grazing than th ose on the H t rea t m e n t .  This  would have increased t h e i r  m a i n tenance 

requirements relative to those of ewes on the H sward. 

Ewe intakes obtained by the difference technique, at various pasture al lowances suggest, that 

intakes of around 0.9 to 1 .0 kg D M/cwe/d at a pre-grazing green herbage mass of 500 to 600 kg 

DM/ha (corresponding to the med ium treatment)  should have been achieved (Rattray and 

Clarkc 1984) .  The estimated intakes of ewes on the M sward are therefore high relat ive to these 

findings. H owever, British studies with ewes continuously grazed a t  pasture suggest that their 

herbage intakes arc higher than the New Zealand estimates for low sward heights (e .g .  Hodgson 

and Maxwcll 1984) ,  possibily because ewes adapt to grazing at reduced herbage masses when 

continuously grazed (Wadsworth 1979) .  

In summary, the results of these experiments provide an indica tion of the accuracy with which 

voluntary herbage in takes can be estimated for groups of animals grazing a specified herbage 

allowance. If the maximum error in predicting faecal output using chromium CRC is ± 10% and 

that for herbage digestibli ty is ± 3% (Hodgson and Rodrigucz 197 1 )  predicted intakes will l ie 

within ± 20% of actual inta kes. Chromium CRC therefore provide g roup mean estimates of 

faecal output a t  least as good as those obtained through the traditional methods of chromium 

administration, but with substan tial ly less labour and interference to animals. Reduced labour 

requirements and simplified management for marker administra tion will also permit  the use of 

larger t rea tmen t groups of an imals for the same input of resources. This factor, a long with 

further refinements in CRC field trial management as described in Chapter Eleven, will enable  

the  accuracy which which f ecd in take can be est imated to  be  further improved. In  the  next 

Chapter  the applica t ion of CRC to the  measure ment of faecal output  in ewes of d ifferent 

pregnancy and rearing status is described . 
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CHAPTER TEN 

HERBAGE INTAKES AND PRODUCTIVE 
PERFORMANCE OF EWES OF DIFFERENT PREGNANCY STATUS 

AND REARING RANK:PILOT STUDY 

INTROD U CT I O N  

New Zealand sheep fa rmers frequen tly face feed shortages during periods which coincide with 

late p regnancy and lacta tion in  their  ewes and so a re requ i red to make decisions as to how 

limi ted feed reserves should be al loca ted between competing livestock cla sses (Rattray 1978; 

Parker 1984 ). Information describing the production responses of animals to different herbage 

allowances and the likely financial consequences of d ifferential feed allocation is important for 

the achievement of efficient grazing management during this period. However, relatively l i tt le 

is known about the relationship between herbage intakes and productivity of ewes of different 

pregnancy status or rea ring rank under New Zealand pastoral  grazing condit ions (Rattray 

1986) .  The primary purpose of the t rial reported here was to characterise the pattern of feed 

intake of ewes bearing and rearing single and twin lambs from mid-pregnancy until nine weeks 

pos t - pa r t u m . The t r i a l  provided an oppor tun i ty to fu r the r  eva l u a t e  Ca ptec ch romium 

controlled release capsules (CRC) in a longer term trial and under condit ions more extensive 

than th ose n orma lly encoun tered in herbage intake experiments. In both respects, the trial 

acted as a pilot study for a larger scale study of the in teraction between feed allocation and 

rearing rank of ewes planned for the 1988 season (Chapter Eleven) .  

MATERIALS AND M ETHODS 

Exper imen t  12  

Pastures  a n d  a n ima l s  

The trial, conducted a t  Massey University's Sheep and Beef Cattle Research Unit,  commenced 

on June 3, 1986 (day 74 of pregnancy, P 74) with the selection of 20 single- and 20 twin-bearing 

mixed aged (MA)  R omney ewes by a rea l t ime  u l t rasound scanner  (Car t e r  1986 ) .  The 

individual ly iden t ified ewes were then a pproximately balanced across birthrank groups for 

birthdate on the basis of mat ing harness crayon mark ings and u l t rasound foetus image size. 

Selected ewes were 54 to 74 days pregnant. At 1430 h on P 91 a single chromium CRC (3.0 cm 

pressed t a ble t  core ,  65% Cr203 ma t rix,  9.00 m m  orif ice,  Captec  (NZ) Ltd) was oral ly 

administered to 10 of the single- and twin-bearing ewes, respectively. The remaining 20 ewes 

were fit ted with a CRC of the same type and at the same time of day on P 109. This approach to 

CRC management was adopted because longer-life 6.0 cm core CRC (see Chapters Four and 

Five), which would have enabled the last 6 weeks of pregnancy to be monitored with a single 

capsule, were not available a t  the time. 



13 1 

Treatment ewes were grazed with a larger mob (c.400 ewes) using an on-off grazing system until 

ewes were set stocked for lambing (P 136) . This system provided access to fresh pasture for 2-3 

h per day from 0900 h each morning. For the remainder ·Of the day the ewes were restricted to a 

"sacrifice ·· paddock with a residual dry ma tter (RDM) of 400 to 500 kg DMjha. Faecal grab 

samples were obta ined from ewes a t  7 to 10 d intervals from P 96 unti l  P 145. L iveweights were 

recorded on the same day as faecal sampling. Rectum grab sam ples were collected at a similar 

t ime each day ( 1430 h), except on P 101 (0930 h).  This m inimised the effect of var ia t ion in 

gutf i ll on l iveweight (Hughes 1976) . 

At the expected expi ra t ion of the 3 .0 cm core CRC ( P  1 17 and P 136 respectively ) a second 

custom-made CRC with a 6.0 cm core (65% Cr203 pressed tablet matrix, 9.00 mm orifice) was 

inserted into each ewe to faci l i ta te the monitoring of faecal output from late pregnancy through 

to 9 weeks post -partum .  

Ewes were set stocked for lambing ( 15 ewes/ha ) on to pastu res o f  800- 1000 k g  DM/ha (4.0 - 5.0 

cm average pasture heigh t ) .  Lambing commenced on P 145 (August 14 = lactat ion day 1 ( L  1 ) ) .  

Lam b  birthweights were recorded within 24  h of parturition . Lambs were individually tagged 

and were weighed aga in  a t  a pproxima tely 6 weeks of age (L 49) a n d  at wean ing (L 102) . 

Lac ta t ing ewes were weighed a t  docking ( L  49) and n ine  days after weaning ( L  1 1 1 ) .  Ewe 

fleeces were weighed at shearing one week after weaning. 

The height of pasture grazed by ewes from lambing until weaning was recorded on the same day 

as f a ecal  g rab  samp l i ng  us ing  a n  E l l i nbank  Pas ture  Meter  (50 readings/paddoc k ) .  The 

relationship between pasture mass (y; kg DM/ha) and meter reading (x;cm )  was determined by 

taking 0.2 m2 quadrats cut to ground level f rom the pastures grazed by the ewes post- lambing 

on L 26. This provided the l inear calibrat ion equation : 

y = 17.4 + 200.0 x, r = 0.96, n = 17 .  

Chromium analysis 

The rate of plunger travel in CRC can be estima ted by the pa ttern of disappearance of added 

chromium from the faeces (Ellis et a l .  1988) .  For this to be achieved with an accuracy of ± 1 

day, rectum grab samples should be collected daily over the period when expiration of the 

capsules is anticipa ted. In the present experiment faecal sam ples were generally collected at  

intervals of 7 to 14 d .  The release rate of CRC chromium matrix can therefore be only crudely 

estimated from the chromium concentration in faeces on the sampling day nearest to the time of 

expected exp irat ion .  Ser ia l  s laughter  t r i a l s  u s ing ewes f i t ted with CRC from the same 

manufacturing batch as the current experiment (experiment 6, Chapter Six) were therefore used 

to supplement the faecal sampl ing data.  The first slaughter trial was run with non-pregnant 
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ewes, a t  t imes correspond ing to P 9 1  to P 1 17 in the pregnant group, to establish the rate of 

chromium release in the 3.0 cm core CRC. The slaughter ewes were grazed with the p regnant 

single- and twin-bearing ewes. A second serial slaughter trial using barren ewes fitted with the 

6.0 cm core CRC commenced in September (experiment 7, Chapter S ix ) .  These ewes were 

grazed sepa ra tely from the lambed f lock and were subjected to wider extremes of feeding 

condit ions,  both a t  pasture and indoors. The serial slaughter trials resu l ted in es t ima ted 

chromium release rates (Yi ) of 143± 6  and 122 ± 4  mg Cr/d for the 3.0 and 6.0 cm core CRC 

respect ively . 

Faecal  chromium concen trat ion in  the faeces (Y 0) was determined by a tomic a bsorpti on 

spectrophotometry (see Chapter Two) on samples of 0.3 to 1 .0 g DM/ewe from each faecal 

collection date. The small amount of faeces which could be collected precluded preparation of 

dupl icate samples for assay in a p pr oximately 60% of the ewes. The organic matter  (OM) 

content of  the faeces was estimated in  duplicate using faecal samples bulked on an equal  d ry 

weight basis across sampling times within ewes. 

Faecal output (FO, g DM (or OM)/d)  of the ewes fitted with CRC was therefore calculated as :  

(m� Cr/d) 

(mg Cr /g DM(OM))  

Pre-lambing and post- lambing herbage organ ic ma tter digestibil i ty were estimated to be 68% 

and 78% respectively, from in  vitro analyses of herbage collected from the experimental area 

during winter and spring ( see experiment 2, Chapter Three and Chapter Five) .  Dry matter 

intake (DMI)  was estimated from the equation: 

D M I  (g/d) = (OMI + (OMI x plant ash content) + soil DM intake) 

where OMI = organic matter intake = (faecal DM x (1-faecal ash content)) 
(1-0MD) 

and soil intake = faecal soil; assuming 2% soil DMD (Appendix IV) .  

(1-0.02) 

Statistical analysis 

Student's t-test was used to assess the significance of differences in ewe liveweight and faecal 

DM output between single- and twin-bearing ewes prior to lambing, DM output being expressed. 

in terms of ewe metabolic liveweight (kg0.75) at the first faecal sampling (P 91). Although ewe 

liveweights corresponding to later faecal sampling dates were available, they were substantially 
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influenced by the weight of the products of conception . Ewe faecal outputs post-lambing were 

expressed in terms of ewe metabol ic l iveweight at docking. Ewe l iveweights during lactation 

were subjected to MANOVA after correcting for the effects of mid-pregnancy l iveweight and 

lambing date. The effects of sex and rank on lamb birthweights were tested after fitting mid

pregnancy ewe liveweight and date of birth as covaria tes i n  the MANOYA model. For the 

analysis of lamb liveweight gains, mid-pregnancy ewe l iveweight was fitted first in  the model as 

a covaria te. Assessment of birth and rearing rank of both ewes and lambs was based on the 

actual lambing record . Ewes losing lambs, and any surv iving lambs reared by these ewes, were 

excluded from post-lambing analyses. All analyses were carried out using the SPSSX ( 1983) 

statistical package . 

RESULTS 

Pregnancy D iagnosis and Lambing Performance 

Of the 20 ewes diagnosed in mid-pregnancy as bearing a single lamb, 3 ( 15%)  gave birth to twins 

(Table 10. 1 ) .  Two ( 1 0%) of the designated twin-bearing group gave birth to a single lamb. Six 

of the 39 ewes which survived lambing lost all of their lambs and two lambs born as twins were 

reared as singles. 

Table 10.1  Pregnan cy diagnosis and actual lambing performance of ewes, experiment 12. 

Actual la mbing record 

Reared single 

Reared twins 

Single lamb died 

Twin lambs, one died 

Twin lambs, both d ied 

Ewe death 

Lamb Birthweights and Growth Rates  

Ultrasound diagnosis 

Single Twin 

12 2 

2 15 

5 2 

0 0 

1 0 

0 1 

20 20 

B ir thweigh ts  were obta ined for  55 of the  58 l a m bs born .  Lambs born as  singles  were 

significantly ( P < 0.001) heavier than those born as twins (5.47 kg vs 4.28 kg) and ram lambs 

Weighed more (P< O.OOl) than their female contemporaries (Table 10.2). Compared to lambs 
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reared a s  twins, those reared as singles grew faster (P < 0.001 )  from birth to  docking (279 vs 236 

g/d) but not  from docking un t il weaning (239 vs 233 g/d, P > 0 . 1 0) .  Ewe l ambs grew less rapidly 

than  ram l ambs from bir th to docking ( P < 0.05) and from docking unt i l  weaning ( P < O.OOl ) .  

Rank  by sex interactions were no t  significan t .  

Ta b l e  1 0 .2 Effec t s  of  ran k  and  sex on lamb b i r th  and  wean ing weights and average daily 

l iveweigh t  gains (mean ± sem), experiment 12. The n umbers of l ambs with l iveweight data in 

each category are shown in b rackets .  

Ra n k  (R) :  S i ngle 

Sex ( S ) :  F e m a l e  M a l e  

Birthweight ( k g )  5 . 1 1 ± 0.27 5 .99 ± 0.24 

( 1 0) (7)  

Weaning weight (kg)  27.0S ± 1 .28 32.82 ± 2 .69 

(9) (5 )  

Liveweight  gain: (g/d ) 

Birth-docking 262 ±. 1 5 309 ± 1 5  

(9)  (5) 

Docki ng-weaning3 2 1 1  ±. 1 3 290 ± 27 

Birth-weaning3  2 3 1 ± 1 2 292 ±. 1 8  

aN umbers per  group as  for weaning weight .  

Ewe Livcwcights and Wool Production 

Tw i n  

Fe m a l e  

4 . 2 4  ± 0. 1 5  

(20) 

23.73 ± 0. 72 

( 1 6)  

2 1 9 ±. 9  

( 1 8 )  

209 ±. 9  

2 1 3  ± 6 

M a l e  

4.34 ± 0. 1 3  

( 1 8)  

27.03 ±. 0. 76 

( 15 )  

245 ±. 9  

( 1 6)  

247 ±. 9  

243 ±. 8  

Sign.  

R S 

:\S 

:"S 

Single- and  twin-bearing ewes were of a similar mean l ivcweight (P  > 0. 1 )  unt i l  the  final week of 

gesta tion, when the increased foetal  weight of t he  twin - bearing ewes became m ost apparent 

(Table 10.3) . By docking, ewes rearing twins were 5.4 kg lighter ( P < 0.05) than those rearing 

singles. This difference persisted unt i l  weaning (P  < 0 . 10) ,  a l t hough both groups of ewes gained 

liveweight from docking unt i l  weaning. 
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Table 10.3 Eff cct of pregnancy status and rearing rank on ewe l iveweights and 

wool production (mean ± sem) ,  experiment 12.  

Day O pe ra t i on a P regnancy /rear ing Sta tus  

S ing le  Twin  

Liveweights (kg) P 96 60 .5 ± 1 .5  62.4 ± 1 .2 

p 107 62.-l ± 1 .5 63.8± 1 . 1  

p 136 Set stocking 60.R ± 1 . 1  62.5± 1 .2 

p 145 Start la mbing 66.2 ± 1 .2 69 .0± 1 .0 

L 49 Docking 62 .5 ± 1.9 57. 1 ±  1 .4 

L 1 1 1 Weaningb 65. 1 ± 2.1  60.2± 1 .2 

Wool weight (kg) L 109 Shearing 5 .06 ± 0. 1 7  4.53 ± 0. 1 1 

aManagement operation on the day weigh ts \vcre recorded. 
blncluding weight of WOl>l cli pped from ewes at  shearing on L 109. 

S ign .  

NS 

NS  

NS  

+ 
" 

+ 
* 

Ewes which rea red a single lamb produced, on average, 0 .53 kg (greasy) more wool (P < 0.05) 

than those which had rea red tw ins .  There were in sufficient da ta to estimate the effects of 

pregnancy or lamb loss on ewe wool product ion . 

CRC Performance  

Three 3 .0  cm core CRC from the first group o f  20  capsules had  expired by P l l9, 28  days after 

their insertion ( i .e .  faecal chromium concentrations were wi thin 24 to 48 hours of returning to 

the background level ) .  The remaining CRC were sti l l  in the l inear release phase on d 28 or  

a b o u t  to  c o m m e n c e  f i n a l  ex p i r a t i o n  (as  ev idenced  by a 100% increase in ch romium 

concentra tion in  the faeces of two of the ewes).  Thus the average CRC l ife was  a round 30  d ,  

equivalent to an average plunger travel of 1 .03 mm/d. This compares with the average rate of 

0.97± 0.3 mm/d measured in the ewes grazed in the same flock and serially slaugh tered over the 

same time period . The average chromium release rate of 143 mg Cr /d during the slaughter 

trial was therefore used to estimate average faecal outputs.  The first faecal sample for ewes 

with the f i rst CRC was taken as recommended by the manufacturer, 5 days after CRC insertion. 

Subsequent results (Chapters Two and Seven) indicate that steady state levels of chromium are 

unlikely to be achieved in all animals until d 8 .  The faecal chromium concentrations for d 5 ( P  

96) were therefore increased by 15% to  represent a m ore typical equilibrium situation (see 

Chapter  Two ) .  As a resul t ,  est imated faecal  outputs  for P 96 should be in terpreted wi th  

caution. 
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Faecal samples were not taken unti l  eight days after insertion of the second 3 .0 cm core CRC. 

Mean faecal chromium concen trations were similar at the subsequent two samplings - d 18 ( P  

129) and d 2 5  ( P  136) of C R C  l ife.  A l l  CRC for which faecal samples were obtained were 

apparently sti l l  in a l inear release phase on d 25. The 143 mg Cr/d release rate was therefore 

assumed to a pply to the second group of 3.0 cm core CRC. One CRC from this group of 20 

capsules failed. 

Of the 19 in i t ia l  6.0 cm core CRC inserted on P 129, 7 had expired 65 days later, 9 expired 

between d 65 and d 78 and 1 was sti l l  running on d 7'd. Two CRC from this group of capsules had 

failed, as  assessed by the pattern of chromium recovery . In one case, the ewe may have been 
able to regurgi tate the capsule (despite her 51 kg initial l iveweight)  because her previous 3.0 cm 

CRC had also failed. An average l inear release phase of 70 days was assumed, giving a release 

rate of 0.87 m m/d (or 133 mg Cr /d).  The corresponding rate from the serial slaughter t rial was 

0.7 1 m m/d ( 122 mg Cr/d) over 65 d .  H owever, the slaughtered ewes were subjected to more 

ext reme feeding condi t ions (0 .6 M to  ad l ib i tum)  and a lso had to adap t  to indoor feeding 

midway th rough the capsule's l ife. While the slaughtered ewes grazed a t  pasture, release rates 

were up to 129 mg Cr/d 

The majority of the second group of 6.0 cm core CRC (9 of the 14 CRC for which faecal samples 

were obtained) which were inserted a t  the star t  of lambing (L 7) were stil l in  the linear release 

phase after 62 days. Two CRC each had expired by L 49 and L 62 respectively . One CRC from 

this group failed. 

In s u m m a ry ,  of the for ty 3.0 cm core CRC which were  i n s e rted,  2 ( 5 % )  failed or  were 

regurgitated. Three of the 39 longer-life 6 .0 cm core capsules (8%) failed and average plunger 

was more variable than in the 3.0 cm core CRC. 

Faecal  Output and Herbage I ntake prior to Lambing 

The estimated faecal DM outputs of single- and twin -bearing ewes during the last trimester of 

pregnancy a re presented in Table 10.4. Faecal D M  output ( per unit metabolic l iveweight) of 

single-bearing ewes was generally higher than that of twin-bearing ewes but the d ifference was 

significant  ( P < 0.05) only on the final day of gestation. The low number  of ewes which finally 

yielded reliable faecal chromium da ta reflects both the incomplete sa m pl ing  of ewes and  

inappropriate sampling times in  relation to the pattern of CRC chromium release. Sampl ing of 

40 ewes took about two hours, and generally only 50 to 60% of the ewes yielded adequate grab 

samples, probably because of the combina tion of disturbance duri ng yarding, the l ow level of 

feed intake and the period of time ewes were removed from pasture ( 4-5 hours). 
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Table 1 0.4 Effect of pregnancy status on faecal output and estimated dry matter intake of 

ewes during the last trimester of pregnancy, experiment 12 .  

Day of Eve Nuaber of Eve Paecal Soilf Herbage 
a statusb eves c llveveightd e content intake Sign. 9 Pregnancy output 

(ltg ) (g DM/d) ltg OM/d kg DM/d 

96 Single 6 2 . 5:!:1 . 5  704:1:58 39 1.  OB 1.  46 NS 

Twin 6 3 . 6±2 . 5  61&9±114 0 . 98 1 . 32 

103 Single 6 0 . 4:1:1 . 7  530:t6l 1 1  1 .  2 4  1 . 4 l  NS 

Twin 6 2 .  4 ± 2 .  3 557<9) 1 . 48 1 . 68 

111 Single 6 2 . 9:!: 2 . 9  -'81!:109 26 0 . 95 1 . 17 NS 

Twin 6 J . Hl . 5  291!',2 o . 53 0 . 6 5 

119 S i ngle 5 5 . 6:1: 2 . 9  716!:162 34 1 . 1 8 1 . 53 liS 

Twin 6 0 . 0:!:1 . 6  5 2 l :t ! 2 5 0 . 8 5 1 . 1 1  

129 Single 6 57 . 7 ±2 . 3  707!:100 39 1 . 04 1 . 40 NS 

Twin 9 6l . 3 ± l . 4  5 4 5 :!: 8 5  o .  7 7  1 . 04 

136 Single ll 6 2 . 4:1: 1 . 6  62h63 59 0. 51 0. 87 liS 

Twin ll 64 . 6:1: 2 . 0  605±57 o. 58 0 . 98 

1 45 Single 6 7 .  7:t l .  9 660± 4 6  29 1 .  25 1 . 56 

Twin 6 9 .  J:tl . 2 513±35 0 . 96 1 . 20 

aoay 1 equals start of mating, March 20. Chromium concen trations were increased by 15% for 
P 96, because equilibrium conditions bad not been attained. 
bBased on number of lambs born. 
CEwes sampled with valid chromium readings. . 
dAverage livewcight of ewes (including wool) ,  sampled a t  each faecal collection (mean± sem) .  
eEstimated average faecal output of sampled ewes (mean ± sem).  
fsoil content (%)  in the faeces = 91 .978 - ( 1 .096 ( 1 -faecal ash)) .  
gStudent 's t - test  of  differences between single- and twin-pregnant ewes in  faeca l  output 
expressed as  g DM/kg0.75_ 

The estimated DMI indicate that on most days the ewes received 0.8 to 1 .5 kg DM, including 

soi l .  Variation in herbage intake estimates du ring pregnancy reflect differences in grazing 

conditions prior to each sampling, as indicated by the amount of soil in the faeces. Soil intakes 

exceeded 26% of faecal DM, except on one occasion when faecal samples were taken at 0900 b 
after ewes had been introduced to a new pasture break. Soil contents reached 59% when the 

ewes were sampled after 18  hours on muddy pastures with a residual herbage mass of 600-700 

kg DM/ha (P 136) .  OMI  were therefore m uch lower tha n  DMI and suggest that the ewes, 

particularly those bearing twins,  received inadequate nu trition .  This can be confirmed by 

comparing the average liveweight of ewes on P 9 1  and P 145 (Table 10.3) after correcting for 

the products of conception (c .7 and 12 kg for ewes with singles and twins respectively, Table 

10.2) and wool growth (54 d x 10 g/d = 0.54 kg, Table 10.3) .  Single-bearing ewes therefore lost 

c.1.8 kg {66.2 - 7.0 - 0.5) - 60.5 kg)) and twin-bearing ewes c .  5.9 kg (69.0 - 12.0 - 0.5}-62.4 kg)) 

over  the pre-lambing study period. Gutfill  effects between weighings were probably minor 

because weights were recorded at the same time and apparently after similar levels of DMI.  
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Faeca l  Output  a n d  Herbage I n take  Mter Lambing 

Estimated faecal  ou t pu ts, OM I  and DMI for ewes rearing single and twin lambs a re shown in  

Table  10 .5 .  Faeca l  ou tpu ts  (g  D M /kg0.75) were sign if i can tly ( P  < 0.05) higher in  the twin

rearing ewes between weeks  6 and 8 after lambing. Soi l  contents of  faeces were generally lower 

(2 1 -30%) than those observed prelambing, because of the h igher herbage a llowance under set 

stock ing ( res idual  herbage mass > 750 kg D M /ha ) but st i l l  ref lect  the wet  ground condit ions 

typical  of Tokomaru si l t  loam soils over the spring period. 

Herbage in takes increased to  a maximum of 2.43 kg D M /d (4. 1 9(: of l ivcweight)  in the ewes with 

twins and 2 . 1 7  kg D M /d (3 .6c;fc;) in the ewes raising singles  39 days afte r  the sta rt of lambing 

( mean lactat ion day = 28) . D M I  exhibited a curvi l inear relat ionship with t ime ove r  the period 

of sampling. O M l  of ewes rearing twins were general ly greater than for ewes rearing a single 

lamb,  the reverse of the s i tuat ion which existed during the las t  tr imester of pregnancy. 

Table 10_5 Effec t  of rearing rank  on faecal output and est imated D M I  of ewes during the first  

nine weeks of lac ta tion, experiment 12.  

Day of 

Lactation8 

15 

21 

28 

39 

49 

62 

Number of 

eves 

Single 

Twin 

Single 

Twin 

8 

Twin 8 

Single 

tvin 12 

Single 

Twin 

Single 

Twin 

Faecal 

output 

( kg ) (g DM/d) 

6 3 . 5% 2 . 9  427%75 

6 2 . 0t2 . 5  4 53%30 

6 3 . 0%3 . 0  587%90 

56 . 3:t2 . 0  573%115 

60 . 0 % 2 . 7  654%50 

59. 8%1 . 3  73H4l 

63 . 6t2 . 7  601%47 

5 7 . 4%1 . 5  705%24 

U . U3 . 3  482%67 

5 7 . 7%2 . 3  621%63 

6 1 . 7% 3 . 0  556:t49 

60 . 3%1 . 6  492:t52 

aDay 1 of lactation = August 14; mean lambing date L 1 1 .  
bBased on actual lambs reared t o  docking. 

Soil Herbage 

contentd intake Siqn. f 

kg OM/d 

30 0 . 73 0 . 95
d HS 

O . BO 1 . 01 

26 l. 72  2 . 00 HS 

1 . 68 1 . 95 

21 1 . 85 2 . 17 NS 

2 . 07 2 . 4 3  

1 . 60 1 . 91 

1 . 8 7  1 . 24 

28 1 . 4 5  1 . 70 

l. 92 2. 21 

28 1 . <17 1 - 76 NS 

1 . 30 1 . 56 

cAverage docking liveweight (L 49) of ewes sampled (mean ± sem) .  
dSoi l  contnet (%) in the  faeces - 91 .978 - (1 .096(1-faecal ash)).  
eDry matter intake based on a herbage OMD of 78%. 
fstu dent's t-test of signif i cance of differences between rearing ranks in  faecal output (g ·  
DM /kg0.75) .  
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DISCUSSION 

This exper iment  achieved the original objective of provid ing information about how CRC 

should be managed in  field trials but a number of shortcomings in the original experimental 

design, especially in rela t ion to faecal sa m pl ing progra mmes and the collection of herbage 

digestibility data, were eviden t .  

Although the original trea tment  groups each comprised 20 ewes, the final number of faecal 

samples that provided usable chromium data was low, for three main reasons: 

1 .  N ot a l l  ewes provided a faecal sa m ple a t  each col lect ion . Some ewes had 

voided faeces during yarding and, especially over the pregnancy period, daily 

faecal outputs  were general ly low. Sampling ewes directly off pasture or 

holding ewes for a second a ttempt at sam pling 1-2 hours later would increase 

the success ra te .  However,  there wil l  always be some problems with la rger 

groups of animals because of the time required to complete sampling. In this 

respect, running the trea tment  ewes with a la rger flock provided a real istic 

grazing situation, but created more animal disturbance (and associated loss of 

faecal ma ter ia l )  because trea tment  an imals  had to  be shif ted to a central  

holding yard for d rafting off a t  each sampling interval .  

2 .  Some faecal collect ions  did not coincide w ith the attainment of equilibrium 

chromium levels i n  the faeces (e .g .  group 1, P 96) or were taken outside the 

period of l inear  release of chromium (e .g .  group 1, P 1 19 ) .  The sampling 

regim e s  a dop ted  were  based  on the m a n ufac tu re r ' s  reco m m endat ions  

available at  the  t ime of the  experiment .  These problems can now be readily 

overcome because the performance characteristics of CRC have been more 

precisely defined. For exa m ple ,  the first faecal sa mples should have been 

delayed until 10 days after insertion when intakes are equivalent to 0.6 - 0.8 M 

(see Chapter Seven) . Similarly for the 3.0 cm core CRC, collections should not 

be taken beyond d 25 of capsule life. 

3. Only 27 of the 40 original ewes (68%) reared lambs true to their predicted 

pregnancy status based on u l trasound. 

More cost-efficient and accurate use of CRC will be obtained where fewer animals (of known status) 

are used and faecal samples are taken more frequently (to reduce large between-day variation).  

Treatment animals could continue to be grazed with a larger flock but labour requirements would be 

reduced and faecal collections simplified if the ewes under study were managed separately during· 
faecal sampling periods of 4 to 5 days duration. Pastures similar to those grazed by the larger flock, or 
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within the paddock occupied by the larger flock, would need to be prepared and the same method of 

grazing management maintained. Separate grazing would allow sward ring sam pl ing to be combined 

with rectum sampling and would also facil itate the collection of more representative samples for in 

yi!r.Q digestibility analysis. Monitoring herbage digest ibi l i ty under a large flock management system is 

difficult, especially under rotational grazing, because of the range of herbage conditions encountered. 

If a farmer  had adopted d ifferent ia l  grazing management  of single- and twin-rearing ewes during 

pregnancy using the ul trasound data collected, then based on actual lambs born (Table 10 . 1 ) ,  85% of 
the ewes in each group would have received the a ppropriate n utri tion . Post-lambing eff iciency of 

selection by ul trasound decreases because of lamb l osses but, in practice, wet/dry ewes which have 

lost all their lambs and twin-bearing ewes which have lost one lamb can be readily screened off within 

7-14 days of lambing if feed supplies arc low .  

The pat tern of ewe liveweights from late pregnancy until weaning indicate tha t the ewes rear ing twins 

were placed under more nutr i t ional  s t ress than their single-rear ing counterparts. It  i s  not known. 

however, what proportion of this weight loss can be attributed to the inability of the twin -rearing ewes 

to physically consume sufficien t  feed to meet the energy requirements of foetal growth, lactation and 

wool production (Hadjipicris and H olmes 1966) .  The DMI values (Tables 10.4 and 10.5) suggest that 

underfeeding occurred during late pregnancy, as well as in early lactation. H owever, twin-rearing 

ewes were a pparen tly able to consume m o re than the assumed maximum of 3.0% of bodyweigh t 

(Ulyat t  e t  a l .  1 980) by the sixth week of lacta t ion .  OMI  in the ewes with a single lamb reached a 

maximum of 3 1 g OM/kg LW /d during lac ta t ion .  This compares favourably with the 32 g OM kg 

LW /d measured by Bircham ( 1981)  for ewes rearing a single lamb, the 30 g OM/kg LW /d intake of 

Greyface ewes suckl ing single l ambs i n  a t ria l  by Maxwell et al .  ( 1979), and the 27 and 32 g 

OM/kg LW /d consumed by single- and twin-rearing Border Leicestcr x Romney ewes respectively, in 

the study by Coop and Drew ( 1963) . 

Differences in lamb birthweights and growth rates between singles and twins, and between sexes, were 
of the sam e  magnitude as those recorded by other  researchers ( Duff 198 1 ;  Rat tray et a l .  198 1 ;  
McEwan e t  a l .  1983) .  Lamb growth rates indicate that the major period of nutritional shortfall in  twin 
lambs occurs i n  the  f i rs t  6 weeks  of l ac ta t i o n .  This  corre sponds  to the  per iod of high feed 
requirements of the twin-rearing ewe (Rat tray 1986) .  Greatest benefits from differential grazing will 
therefore be l ikely to occur during early lactation (Garrick 1984 ) , but this trial and the work by Scales 
et al. ( 1986) suggest that the period of late pregnancy should not be neglected. A detailed study of the 
effect of continuous grazing of ewes rearing e ither single or twin lambs at different pasture heights is 
reported i n  the next  Chap te r .  Tha t  exper iment  was  designed to provide ewe feed in take and 
associated production data' that would enable benefits of differential grazing during the first 6 weeks 
of lactation to be assessed. 
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CHAPTER ELEVEN 

THE APPLICATION OF CHROMIUM CRC FOR ESTIMATING THE 
HERBAGE INTAKE OF EWES OF DIFFERENT REARING RANKS 

DURING LACTATION 

INTROD UCTION 

The production of the ewe and her  progeny is sensi tive to the level of nutri tion over the period 

from partu rition to weaning, and pa rticularly the first six weeks of lactation (Cooper a l .  1972; 

Rattray et al. 1982b; Mun ro and Geenty 1983) .  Nutritional regimes imposed during pregnancy 

general ly have a lesser effect ( Coop and Clark 1969; M on teath 197 1 ;  Rat t ray e t  a l .  1982a ; 

Smeaton and Rat tray 1 984 ) .  However there is evidence that such regimes may affect lamb 

su rvival  and g rowth  rates th rough factors other than lamb birthweight (McCly mont and 

La mbourne 1 960; K halaf et a l .  1979; Scales et  a l .  1986) as well  as affecting ewe ferti l ity a nd 

production ( Everitt 1967;  Fletcher 1974; Lewer et a l .  1983; McEwan et a l .  1983; Cahill et al .  

1984 ) .  In all cases the effects of under-feeding a re greatest in multiple-rearing ewes and their 

Jambs. 

For these reasons considerable eff art has been directed towards the development of practical 

methods of identifying the foetal status of the ewe during pregnancy, in order that differential 

management systems favouring the multi ple-bearing ewe might be imposed over the winter and 

spring months which a re usually the most limiting in terms of pasture growth (Thwaites 198 1 ;  

Beach 1984 ) .  Technological advances during the last decade i n  the field of "realtime" ultrasonic 

imaging have provided farmers with equipment allowing the pregnancy status of a ewe at 40-50 

days of gestation to be reliably predicted at a modest cost ( Fowler and Thompson 1985; Blair 

1986; Carter 1986) . This technology has particular relevance to management systems for out

of -season lambing where the patterns of intake associated with changes in physiological status 

typica l ly cannot  be m a tched with the seasonal pattern of pasture production (Ra ttray 1978; 

Andrewes and Taylor 1986) .  In addition to an improved efficiency of feed al location, farmers 

can expect to benefit th rough choosing better paddocks for twin lambings, the earlier sale of 

barren ewes, i mproved selection of f lock replacements, and d ifferent weaning and drafting 

regimes for single and twin lambs ( Garrick 1984) .  

Little i s  known about the a mount of herbage which should be offered to  post-parturient ewes of 

d ifferen t  r ea r ing r anks  under  c on t in u o u s  graz ing management ,  ma in ly  because of t he  

d ifficu l t ies  a ssociated w i th  measuring herbage intake u nder field condi t ions .  I n  practice 

farmers have based the a l locat ion of feed ma inly on feed requirement  tables derived from 

indoor trials (Rattray 1986) and a l imited number of outdoor pasture allowance trials ( Rattray 

and Jagusch 1977; Geenty and Rattray 1987; Rattray et a l .  1987) .  
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In this study chromium CRC were used to estimate the herbage intake of ewes rearing either 

single or twin lambs over a range of pasture condi t ions during a n ine  week period f rom 

partur ition. The feed intake data genera ted, together with other data, could then be used to 

develop improved grazing management systems for ewes of differen t rearing ranks. 

MATERIA LS AND M ETHO DS 

Exper i m en t 13  

Exper imenta l  design 

The tr ia l  commenced 10 days after the mid-point of lambing (lactation 10 (L 10)) on 29 August 

1988 and involved the continuous stocking of pastures held at  a steady pasture mass (measured 

indirect ly as herbage heigh t) by ewes rearing either single or twin lambs.  Five d ifferent 

paddocks, each of c.  1 .0 ha, were prepared at Massey University's Sheep and Beef Catt le 

Research Unit  Haurongo Block during a 16 week period before the commencement of the tr ial .  

Average sward heights a imed for were 3.0, 5 .0, 7 .0, 9.0 and 1 1 .0 cm (Figure 1 1 . 1 ) .  These a re 

su bseq uen t ly  refe rred to  a s  t he  550,  1 150, 1 400, 1 550 a n d  2000 swards ,  va lues  which  

corresponded to the  average herbage mass (kg  DM/ha) on  the  swards during the  trial .  To 

ensure tha t sufficient pasture mass was achieved in the highest sward, 23 kg nitrogen/ha ( in the 

form of u rea) was a pplied to the ent i re experimental  a rea in early May.  Each swa rd was 

subsequently spelled from grazing until la te July when rotational grazing with ewes and yearling 

bulls was adopted to adjust sward heights to the desired levels. 
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Figure 11.1 Grazing tr ia l  location and layout, experiment 13.  
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Selection and  management of t rial  animals  

Trial ewes were chosen from a larger flock of  235 first cross Border Leicester x Romney ewes, 

in which oestrus had been synchronised with progesterone-impregnated controlled internal 

d rug release dev ices ( C I D R 's,  Type G, A H I  P las t ic Mould ing Com pany, Hami l ton,  New 

Zealand ) .  The selected ewes were all mated during the first three days of tupping (Walsh 1989) . 

The flock was pregnancy-diagnosed by real t ime ul trasound scanning (Carter 1986) a t  50-53 days 

of pregnancy ( P  50-53 ) ,  and ewes bea ring single and twin l ambs were iden t ified . During 

pregnancy the fl ock was rota t ional ly grazed at  maintenance feeding levels around paddocks 

adjacent to the t rial area .  A grou p of 96 ewes (45 single-bearing and 51 twin-bearing) was 

selected as potential final t rea tment an imals  on P 140. La mbing commenced in this group of 

ewes the following day and was completed 9 days l a ter .  The mid-point of lambing for the 

t rea tment ewes was 20 August (L 0) .  

Swards were stocked wi th  ewes and lambs between L 4 and L 8. Each treatment was al located 12 

ewes com prising equal  numbers of two t ooth and mixed age ( MA)  ewes balanced within age 

groups for rearing rank ( single or twin, n = 3 ) .  The resul tant stocking rate of 12 ewes/ha, 

approxima tely 15% lower than the normal farming practice for these pastures, was adopted to 

ensure that the init ial  sward height conditions could be maintained without removing treatment 

an imals ,  especially during the f i rs t  half of September. Local pasture growth rates in early 

September historically averaged about 30 kg DM/ha/day, but were expected to increase to 50 

kg DM/ha/day by the end of September and to peak at 65-70 kg DM/ha/day by mid-October 

(Matthew et a l .  1988) .  Pasture growth should therefore have approximately matched the feed 

demand of ewes and l ambs du ring September and exceeded requirements  during October. 

Buffer groups of l ivestock, consisting of 12 yearl ing bulls and 10 dry ewes, were formed a t  the 

commencement of the trial to  cont rol ant icipated surplus pasture growth. 

Detailed measurements of pastu res and animals, as  described below, commenced on P 144 

(August 15) .  

Animal measurements 

1.  Liveweights 

Ewes were weighed at least month ly over the period from flushing until lambing as part of the 

studies of Walsh ( 1989) and Gao et aL ( 1990) . These liveweight records were incorporated in 

the present study to correct for pre-trea tment effects. The final liveweight during pregnancy 

was obtained the day before lambing commenced (P 144).  The next weight was obtained on L 

1 0  when each of the final treatment groups had been established and allocated to their 

respective treatment swards. Subsequently, ewe liveweights were recorded on L 33, 45, 56, 70 
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and 76 ( i .e .  24, 33, 47, 61 and 66 days after set stocking, respectively) .  With the exceptions of 

the 24 h fasted mid-pregnancy ( P  50) and final ( L  76) weigh ings, al l l iveweights were obtained 

within 1 hour of removal of the ewes from grazing a t  pasture. 

Lambs were tagged and weighed within 24 hours of birth and were subsequently weighed on the 

same day and at the same t imes as their dams, commencing from L 33. A 24-hour fasted 

liveweight was also obtained for lambs on L 76. 

2. C on d i ti on Scoring a n d  U lt rasonic  Backf a t  Depth 

Ewes were condition scored using the 5-point scale of Jeffries ( 1961 )  on L 14,  59 and 70  (24, 50 

and 6 1  days after set stocking) .  Condition was assessed by hand over the region of the backbone 

and twelfth rib in gradua tions of 0.5 units. Ul trasonic backfat depth C measurements (Delphi 

A-mode u l t rasound, Auckland)  were recorded from the left and right hand sides on L 7 0  

(Purchas  and  Beech 198 1 ) .  T h e  mean value f o r  the two readings w a s  u sed i n  subsequent 

analyses. 

3. Wool  product ion 

Midside sampl ing sites (c.20 cm2) were clipped on each of the 96 potential final treatment ewes 

with Oster 001 clippers ( size 40 blades) on P 144 according to B igham ( 1974). Lambs (n = 90) 

were prepared in the same manner on L 10, after they had been al located wi th their dams to 

treat ment groups. 

Wool regrowth sam ples from these sites were clipped over a period of two days (L 76,77) ,  80 

and 66 days after preparation in the ewes and lambs, respectively. The final area clipped (c. 10 

cm2) was determined from calliper ( Mitutoyo, Tokyo) measurements of the four sides and the 

diagona l .  Greasy and  c lean weights and colour  ( Elgabbas 1986) w ere measured on each 

midside sample. Fibre diameter was measured by air flow (Ross 1958) for the lamb sam ples. A 

greasy contrala teral midside wool sample from each ewe (collected on L 76 and L 77) was tested 

for fibre strength using a "Hounsfield Tensometer" (Horton 1978) . Full details of the methods 

used for wool measurement a re prov ided in Appendix IV.  
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4. Faecal Output  

Treatment ewes were dosed with a single CRC (3.0 cm core of pressed tablet matrix with 65% 

Cr2 03 and 9 .00 mm orif ice;  Captec (NZ)  Ltd ,  A uckland) on two occasions to facil itate the 

indirect estimation of faecal output.  The first capsule (CRC 1) was administered on L 10 (29 

August )  and the second (CRC 2) on L 45 us ing  the Captec capsule a pplicator ( Ph i ll ips, 

Austra l ia) .  From earlier trials (see Chapters Five and Seven) it  was estimated that steady state 

rumen condit ions for Cr203 would be ach ieved by day 8, and final expiration of the Cr203 
matrix would commence after 27 days. Faecal sampl ing was therefore carried out between days 

8 and 25 follow ing administrat ion of each capsule .  Although it would have been possible to 

have used custom-made 6.0 cm core CRC with a greater than 70 day linear release phase (see 

Chapter S ix ) ,  the expected release rate of 100- 1 10 mg Cr/day from these CRC would have 

resulted in poten tial faecal DM chromium concentrations of only 1 .0-2.0 mg/g in the ewes on 

the h igh pasture allowances. These levels were considered to be unacceptably low relative to  

the environment background levels of 0 . 15-0 .30 mg Cr/g DM ( see p.  45) . Furthermore, the 

results of experiment 12 results ( Chapter Ten) suggested that the malfunction rate was h igher 

in the 6.0 cm core CRC than in  the commercial capsu les with a 3.0 cm core. 

Faecal sam ples were collected both per rectum and from swa rd rings ( Raymond and Minson 

1955 ) .  A typical ly wet  soi l  cond i tions  dur ing September ( see Table 1 1 . 1 )  prevented the 

intensive handl ing of ewes and lambs required for rectum sampl ing. Rectum grab samples were 

therefore obtained from ewes (48/60) only on L 19 and L 20 to check that CRC were delivering 

Cr203. A more intensive sward ring sam pl ing regime was therefore substituted . Samples were 

collected daily from rings of 2.0 m radius at 16 pegged sites in each treatment sward from day 8 

after CRC 1 administration unti l  the expected final expiration of chromium on L 45. To obtain 

estimates of feed intake for the different rearing ranks, single- and twin-rearing ewes and their 

lambs were grazed separa tely, using temporary electric fences, within each treatment over a 5 

day period commencing from L 27 (approximately 3.5 weeks post-partum) .  Temporary fences 

were erected to ensure that single- and twin-rearing ewes had access to approximately the same 

amount of pasture during this period. 

During the life of CRC 2, faeces were collected by ring sampling from L 53 to L 56 (days 8 - 1 1  

after  CRC administrat ion) and from L 63  to  L 70 (days 18-25) . Two corresponding 4 day 

rectum sampl ing periods commenced on L 56 and L 63 (47 and 54 days after ewe set stocking, 

respectively) .  Ewes from each paddock were penned at 0900 h and all ewes were sampled per 

rectum over a period of 10-15  minutes. Samples were m ost difficult to obtain from the ewes 

grazing t he l ow sward and,  on some days, ewes were retained in the pen for a further 30-40 

minutes before attempts were made to obtain a second sample. The minimum number of grab 

samples obtained on any one day for CRC 2 was 53 (out of 60 ewes) . 
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Ring sampling continued from day 25 to day 33 after insertion of both CRC's to monitor the 

pattern of chromium expiration from the faeces and hence to estimate the endpoint of CRC 

chromium delivery (Ellis et al. 1988) . An average daily chromium release rate for treatment 

groups was determined from this endpoint and was supplemented by data obtained from serial 

slaughter of ewes grazing pastures adjacent to the experimental area (Chapter Eight). The 

combined data indicated that an average rate of release of 139 mg Cr /d should be applied to the 

calculation of faecal output. Full details of the derivation of this release rate are presented in 

Appendix IV. 

Rectum grab samples were oven dried at  70°C for 72 hours and analysed for chromium as 

described in Chapter Two. Sward ring samples were oven dried to a constant weight and ground 

through a 1.00 mm sieve (Cranston, England). After thorough mixing, a 10.0 g sub-sample was 

retained for chromium analysis. Rectum grab samples, and sward ring samples from day 26 of 

CRC life, were analysed as single samples of 1 .0  g faecal D M  for chromium . Remaining 

samples were assayed in duplicate. Correction for background chromium was made using the 

chromium concentrations of faeces collected from non- trea tment sheep grazing on the 

experimental area. The intra- and inter-assay coefficients of variation (CV) were 6.2 and 4.7% 

respectively. 

5. Pasture Digestibility 

Four oesophageal-fistulated (OF) mixed age wethers, were used to collect extrusa samples for 

in vitro determination of herbage digestibility. OF wethers grazed pastures adjacent to the trial 

paddocks, except on sampling days. Below-average pasture growth rates prevented the rotation 

of these animals around the treatment areas during the experiment as described by Bircham 

(1981) .  However, the sward grazed by the OF wethers was of similar botanical composition to 

the treatment paddocks. 

Extrusa samples were collected during a grazing period of 10-20 minutes into 800 x 250 mm 

bags(Wait 1972) . Collections from three OF wethers per sward were obtained from paddocks 1, 

2 and 3 on L 24, L 52 and L 68. Paddocks 4 and 5 were sampled on the subsequent day at the 

same intervals. These sampling times corresponded approximately to the sampling of single

and twin-rearing ewes for faeces. To account for between-animal variation, at least two of the 

OF wethers were common between collections for individual paddocks. Collections were 

readily made from the OF wethers on all except the low sward. To ensure adequate extrusa 

samples were obtained from the 550 sward, it was necessary to withhold the fistulated animals 

from grazing for 4-8 hours. Even with this imposition, collections were not made from some 

wethers on the lowest pasture allowance on L 52 and L 68. Extrusa samples were divided into 

two parts - 67% for in vitro digestibility analysis and the balance for botanical separations to. 

determine diet compositions - and sealed in plastic bags. The saliva fraction was retained with 

the sample (Hodgson and Rodriguez 1971; Armstrong et al. 1989). Samples were placed on 
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crushed ice immediately after collection and then frozen at - 12°C until requ i red for further 

analysis. 

For the in vitro digestibility assay, samples were freeze dried (Cuddon F57, New Zealand) to a 

constant weight and ground through a 2.00 mm sieve. D u plicate 1 .0 g sam ples were then 

assayed by the cellu lase incubation method described by Roughan and Holland ( 1977) .  Six 

standards of known in vivo digestib il i ty,  collected from wether sheep fed indoors, were run with 

each batch . Percentages of DMD, OMD, DOMD and OM in each sample were calculated. 

6.  Botanical Composition of the Ewe's Diet  

Extrusa samples were bulked on an equal fresh weight basis ( 1  g/sheep) for  each paddock and 

thoroughly m ixed before being separated into grass, clover, weed and dead material (including 

senesced herbage which was  defined as that containing more than 50% choloritic material)  

using the technique described by Cla rke and Hodgson ( 1986) .  Extrusa was floa ted in a white 

tray marked into 100 x 1 cm2 quadra ts and point counts of the herbage component a ppearing 

over each square intersect were made .  These were expressed as a percen tage of the total 

number of counts.  B lank inte rsec ts  were excluded from the ana lysi s .  Fu l l  details of the 

procedure are presented in Appendix IV. 

Pasture measurements 

1. Pasture Mass 

Twelve 0.25 m2 ground level cuts were made using an electric shearing handpiece in paddock at  

intervals of 14- 17 days from L 10.  Sampling was stratified with two cuts being taken from each 

quarter of the paddock. Corresponding Ellinbank Pasture Meter (EPM) readings (n = 2) were 

taken for each quadrat to derive the regression equation (y = a + bx) of pasture height (y) on 

pasture mass (x) (Earle and McGowan 1979). The high positive correlation (r = 0.94) for the 

first calibration provided just ificat ion for using the EPM to obtain additional estimates of 

pa s ture  mass  ( 1 -2 s i tes  p e r  q ua rte r )  u sing the d ouble- sampling technique described by 

O'Sullivan et al .  ( 1987) .  This improved the precision with which pasture mass was estimated. 
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Each quadrat  sample was washed to remove soil contamination and dried at 100°C for 48 hours 

before being weighed to determine the dry weight. Duplicate sub-samples (2.0 gfcu t) of the 

dried ma ter ia l  were bulked wi th in  paddocks, ground th rough a 2.00 mm sieve and ashed 

overnight at  500°C to determine herbage OM content. Herbage DM mass was determined by 

mult iplying the dried sample weight by 40, a nd herbage OM mass determined as the product of 

DM mass and average OM content of the herbage. 

2 .  Pasture Accumulation 

Four exclosure cages ( 1 .0 m x 0.4 m) were placed, one per quarter, in each paddock and pasture 

growth was recorded by the difference technique (Radcliffe 197 1) .  Within each cage, ground 

level cu t s  of 0 .25 m2 were t aken  at 1 4 - 1 7  day interva ls .  These measurements therefore 

corresponded to (and were part of) those obtained for pasture mass determination. Residual 

herbage mass was measu red on a matching sward area immediately adjacent to the exclosure 

cage at each shift .  Pasture accumulation was calculated as the difference between the final cage 

yield and the initial estimate of residual herbage. The relatively short interval between pasture 

cuts was adopted to m in imise the effects of exclus ion of herbage from grazing (Brougham 

1959) . 

3. Pasture Composition 

The proportions (%) by dry weight of grasses, legumes, weeds and senesced and dead material 

in  the respective swards were estimated from a sub-sample  of herbage collected adjacent to the 

pasture accumulation cuts in each treatment paddock. No d istinction was made between leaf 

and stem material as visible stem elongation associated with inflorescence (Thomas 1980) did 

not a ppear unti l  the final week of the trial .  

4. Pasture Height 

Pasture  he igh t  was measu red i n  terms of co m pressed h e igh t  u sing an EPM (Earle and 

McGowan 1979) and of green leaf contact height using the HFRO sward stick (Barthram 1986).  

EPM measurements (80 per paddock) were taken on the same d iagonal across each treatment 

three times weekly. The slower and more labour intensive HFRO sward stick readings (30-40 

per paddock diagonally) were taken weekly. Calibration of the EPM height readings with 

pasture mass (described previously) allowed changes in pasture mass to be monitored more 

intensively than by pasture cuts alone. It was not possible to process sufficient numbers of 

herbage mass cuts at the speed required for making once-to twice -weekly decisions on sward 

management. Adjustments to stocking rate on each treatment sward were therefore made on 

the basis of trends in average EPM height readings. 
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G EN ERAL OVERVI EW O F  TRIAL I MPLEMEN TATION 

Weather Condi tions  

Weather con d i t ions during September  and October were  considerably worse than average 

(Table 1 1 . 1 ) .  September was the dullest on record for the Manawatu and had the fourth-lowest 

ever total hours of monthly sunshine (Heerdegen 1988) .  Wind run and rainfal l  were 38 and 94% 

above average respectively, but temperatures of the waterlogged soil at 10  cm were 20% above 

average. October's rainfa l l  was 22% above average, sunshine hours 13% below average and 

wind run 83�1: above the l ong term average. Soi l  temperatures, at 10 cm, were 0.5°C (6%) 

above average. 

Table 1 1 . 1  Summary of September and October 198H weather  conditions at Massey University, 
experiment 13 ( Source: Hcerdegen 1988) .  

Parameter  recorded Sep tembe r  October  

Temperature: 
Mean da ily (0C) 12.6 ( 1 1 .0)a 1 7 . 1  ( 16.8) 
Average overnight (OC) 9.5 (6.9) 10.3 (8.4) 
Average 10 cm soil ( 0C) 1 1 .8 (9.8) 13 .1  ( 12.4) 

Frosts: 
No. of ground f rosts 3 (6) 1 (3) 
No. of a ir  frosts 1 ( 1 )  0 (0) 

Rainfal l :  
Total (mm)  144 (74) 98 (87 )  
Raindays ( > lmm) 1 6  ( 1 1 )  1 4  ( 12)  
Days wi th  no  rain 9 13 

Sunshine: 
Total (h) 68 ( 129) 138 ( 158) 

Wind: 
Total wind run (km) 10391 (7507) 147 14 (8029) 
Average wind speed (km/h)  14.4 ( 10.4) 19.8 ( 10.8) 

aFigures in brackets are the long term averages for the period 1951- 1980. 

The poor weather had a significant  impact on both pasture production and animal health during 

the tr ial .  Low sunshine hours and saturated soils (e .g .  25% of the 550 sward was covered with 

surface water for a 24 hour period on two occasions) meant that pastures rarely grew faster than 

the level required to sustain 12 ewes/ha. Thus, the major pasture managemen t problem was 

maintaining pasture heights, rather than controlling them as had been anticipated. 
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Animal Health 

Wet underfoot conditions contributed to outbreaks of foot scald in both ewes and Jambs during 

September and the f irst half of October .  All lambs were therefore t reated with an 8% (v jv) 

solution of formalin at  each weighing. Affected ewes were treated individual ly with an iodine

based foot spray .  Addi t iona l  trea t men t  of some l ambs was req u i red between weighings, 

particularly on the 1450 swa rd . Two ewes (one each in the 550 and 1 150 swa rds) contracted 

mastitis. Treatment of the ewe on the 550 sward was successful, a l though growth of her twin 

lambs was checked from L 29 to L 38. Growth rates of these lambs then recovered to a level 

simi lar to that of their counterparts on the same sward. The single lamb of the second ewe with 

mastitis died before the antibiotic trea tment was successful .  This ewe, and a ewe which had lost 

one of a set of twin lambs through inclement weather on L 27, were replaced with ewes of the 

same rearing rank and s imi lar  birth dates on L 45. Th is enabled sward ring sampling to be 

continued and faecal samples were obtained from these ewes during the second CRC collection 

periods (L 53-70) .  The effect of previous post-parturient nutri t ion on the performance of 

these ewes during measurement periods was not considered to be signif icant since their residual 

grazing levels had been similar to those of ewes maintained on the 1 150 pasture. Liveweight and 

wool production data for these two ewes and their lambs were excluded from all  analyses. 

A record of all animal health problems was maintained and was subsequently compared with 

individual  performance records.  Where poor performance was clearly a ttributable to poor 

animal health, rather than the imposed sward conditions, the affected records were removed 

from analysis. These a re noted in the results section . 

Wet ground conditions a lso made animal  handling more difficul t  than would normally be the 

case. The main sheep yards were heavily pugged in areas not concreted and temporary yarding 

of sheep in their  paddocks q uickly resul ted in mud 5-10  cm deep. This mainly affected the 

proposed rectum grab sampl ing regime for CRC 1. After a ttempts on L 19 and L 20, i t  was 

evident that the muddy conditions placed too much stress on the ewes and their 2-3 week-old 

lambs. Daily sward ring sampling, as described previously, was therefore adopted. I t  should be 

n oted  tha t  t h i s  op t ion existed on ly  because the C R C  c ircu mvented the need f o r  d a ily 

administration of the faecal marker: 
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STATISTICAL A NA LYSIS 

Feed in take data obtained by repeated measurements from the same animals across periods 

were analysed by split-plot analyses ( Gil l  and Hafs 1971 ;  Rowell and Waiters 1976) . The effects 

of rearing rank ,  ewe age and the rearing rank x t reatment interaction were tested against an 

··animal across treatments" error term where individual animal data were available. Differences 

between intake measurement periods were tested using "animals within a period" as the error 

term. Since the non-replicated design meant that no pure treatmen t error existed for the five 

pasture cond itions, a regression approach was used in the ANOVA where the first and second 

order effects of pasture height were f i t ted, leaving the rema ining 2 df as an error term for 

between treatment (pasture sward) comparisons. Although this enabled an estima te of between 

trea tment statistical significance to be derived, the ( 1,2) df meant the test had low power. Ewe 

l iveweight at the commencement of continuous grazing (L 10) was in i tially included in the 

model as a covariate but was later excluded because i t  was h ighly confounded with rearing rank. 

Ewe and lamb wool production and l iveweight gain data were ana lysed using l inear models. 

The ewe models included main effects for age, rearing rank and treatment, together with their 

associ a ted  i n t e rac t i on terms .  The t rea tmen t  effect, which was f i t ted last in model ,  was 

est ima ted by the regression approach described previously . Initial ewe l iveweight  (L  10) was 

fitted as a covariate. The lamb models were of the same for m but included birthweight as  the 

covar i a t e  t e rm .  D ifferences be tween group means  acros·s t rea tments  were assessed by 

Duncan's M ul tiple Range tests. 

Pasture mass was regressed on EPM height readings by fitting l inear and first order polynomial 

models both for individual  harvest da ta and data pooled across harvests. Calibrations were 

based only on quadrats cut from the grazed portion of the swa rd because inclusion of the non

grazed pasture mass cuts from the pasture growth cages genera ted regression equations with 

d iffe ren t  s lopes  ( G ra n t  e t  a l .  1983 ;  S tockd a l e  1984 ) .  O u t l ie rs were tes ted  for us ing 

Mahalanolois' and Cook's distance values ( Norusis 1985) .  Double sample estimates of pasture 

mass (n = 6-9 per paddock depending on sward variability) were estimated from the regression 

equations  for the individual harvests. 

ln vitro d igestibi l i ty da ta were analysed by ANOV A with pasture height partitioned into f irst 

and second order effects as described prev iously. A l l  analyses were ca rried out u sing the 

SPSSX (SPSSX 1983) and SAS (SAS 1985) statistical packages. 
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RESULTS 

Pastures 

Sward he ight  

Average w e e k l y  swa rd h e i g h t s  d u r ing  the  t r ia l  f o r  the  EPM and HFRO sward  s t ick  

measuremen ts are  summarised in  Figures 1 1 .2 and 1 1 .3, re spectively . EPM weekly readings 

( the mean of the three recordings made each week for individual swards). indicate that, with the 

exception of the longest (2000) pastu re, sward heights were mainta ined at  approximately their 

in i t ia l  l evels  through Septembe r  ( i . e .  un ti l  L 42), but then decreased gradual ly un t il the 

cessa t i on of the t r i a l .  Re l a t ive h e ight  d iffe rences  were, however, general ly ma in ta ined 

throughout the tr ial  ( i . e .  he ights of the d ifferent trea tments decl ined in paral l e l ) .  HFRO 

readings indicate the same trends, but are c. 1 .0 cm h igher overall because they represent the 

first point of green leaf contact rather than a compressed height of herbage under a 0.1 m2 

plate. 

Actual  sward heights were therefore l ower than the i n i t ial  targets, especially on the three 

longest swards. This partly reflected changes in sward structure brought about by the grazing 

behaviour of the ewes, as wel l  as the u nfavourable weathe r  cond i t ions wh ich meant that 

pastures grew less vigorously than normal.  Uneven grazing, particularly of the 1550 (9 cm) and 

2000 ( 1 1  cm) swards, resulted in "dumpiness" and increased variabi li ty in height readings within 

these swards as  the tr ia l  p rogressed .  Two management strategies were adopted to improve 

sward uniformi ty. First, yearl ing bul ls  which preferred the longer pastures left by the ewes 

were introduced for periods of 2-4 days. Second, trial ewes and lambs were restricted to the 

l ongest pastures within these paddocks for 3 days (L 45 to L 48) by temporary electric fencing 

on one occasion. These strategies were only partially successful in reducing the unevenness of 

grazing. 

An increase i n  s tock ing  r a te was  r equ i red to con t ro l  growth surp lus  to ewe a nd l amb  

requirements only between L 34 and  L 49. Four yearling bulls grazed the 1 150 (5 cm)  and 1400 

(7 cm) swards for 5 day periods from L 43 and L 35 respectively, and 20% of the 550 (3 cm) 

swa rd was fenced off from the treatment ewes and maintained a t  the same he ight as the 

treatment area with dry ewes from L 34 to L 49.  The gradual reduction in pasture height during 

October was accepted in preference to removing treatment ewes and lambs, primarily because 

the expectat ion was that pasture growth rates would fol low the normal pattern and increase 

with the advancement of warmer spring weather. A further consideration was that six weeks of 

measurements had already been made on these animals. 
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Figure 1 1 .2 Mean weekly Ellinbank Pasture Meter heigh ts (cm) on each of the five swards, 

experimen t 13. 
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Figure  1 1 .3  Mean weekly HFRO sward stick green leaf contact heights (cm) on each of the 

five swards, experiment 13 .  
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Pasture mass 

Sward pasture mass (kg DM/ha and kg OM/ha) exhibited the same trends as the sward height 

measurements although differences between the 1400 and 1550 swards were smaller (Table 

11.2) .  The major feature of pasture mass measurement was the approximately 100% difference 

between the 550 and 1 150 swards. Management of these adjacent swards (Figure 11.1)  was 

dentical until three weeks before the trial, when the electric fence subdivision was 

erected. 

Table 11 .2 Herbage mass (mean± sem) on each of the swards at five harvests 

during the trial period, experiment 13 . 

Harvest Date 

Sward L 12 L 26 

Dry matter y ield (kg DM/ha)  
550 516 ± 47 592 ± 54 792 

1 150 1132 ± 64 1242 ± 121 1368 
1400 1372 ± 112 1397 ± 114 1603 
1500 1753 ± 93 1506 ± 158 1724 
2000 2260 ± 138 1928 ± 176 2131 

Organic matter  y ield (kg OM/ha) 
550 438c 441 621 

1 150 958 992 1036 
1400 1080 1168 1223 
1550 1473 1259 1315 
2000 1898 1673 1786 

a Pasture cuts made immediately after heavy rain. 
bPasture cuts made during very windy conditions. 
cDM yield x ash content of herbage DM. 

Net herbage accumulation rates 

± 46 400 
± 76 902 
± 132 1259 
± 154 1310 
± 167 1764 

345 
780 

1112 
1143 
1529 

L 69 

± 30 572 ± 34 
± 77 1160 ± 51  
± 107 1486 ± 155 
± 120 1486 ± 155 
± 150 1895 ± 207 

493 
1009 
1260 
1287 
1647 

Mean 

574 
1161 
1423 
1556 
1996 

469 
955 

1169 
1295 
1707 

Net herbage accumulation rates (NHA, kg OM/ha/d), estimated by the difference technique, 

are presented in Table l1 .3 .  NHA was defined by Bircham ( 1981) as being the difference 

between new growth (G) and the disappearance of herbage through senescence and decay (D) 

(i.e. NHA = G-D) . NHA values were more consistent on the 550 and 1 150 swards. This 

probably reflects the greater uniformity of sward conditions on these treatments which enabled 

differences in pasture production to be more easily determined, compared with the longer 

swards where identical sward conditions for the before and after harvests were more difficult to 

identify. NHA apparently declined between L 42-56, but these estimates probably include a 

larger error component because of the strong wind conditions encountered during the L 56 

harvest. 
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Table 1 1.3 Net herbage accumulation rates (kg OM/ha/d) on the five swards during 
the trial period, experiment 13. 

Period of Growth 

Sward L 14-26 L 27-41 L 42-56 L 57-69 

550 26 33 29 30 
1 150 59 50 20 59 
1400 16 65 23 59 
1550 1 1  20 12 44 
2000 15 52 30a 47 

a Estima ted from pre- and post-harvest heigh t differences. 

The N HA values ind icate why d ifficu l t ies were experienced in maintaining the initial sward 

heights. On the grazed a rea of the sward NHA = G-(C + D) ,  where C is the daily consumption 

of an ima ls  on the t rea t ment area . If a sward i s  maintained in a steady state, NHA = O = G-

(C + D) .  At a stocking rate of 12 ewes/ha, and C = 1 .5 kg OM/ewejd, N HA (before D)  had to 

a t  least  exceed 18  kg O M /ha/d if  pasture mass (height) was to  be maintained. This value 

increased as  the l ambs progressively contr ibuted to daily C. G therefore mainly exceeded 

(C + D) ,  as explained previously, during the period L 27-41 .  

Relationship between herbage mass and pasture height 

The relationship between pasture m ass (y) and EPM sward height (x) determined by quadrat 

cuts was best explained by a l inear equation of the farm y = a +  bx (Table 1 1 .4) .  Fitting a first 

order  polyn omia l  regress ion (y = a + bx + cx2 ) only m a rginal ly improved the p ower of 

prediction and did not reduce overal l  residual e rrors. While the slopes of the regressions for 

individual harvests were not significantly different, the intercepts were ( P <  0.001) .  Only one 

value of the 192 cuts was excluded as  an outlier. 

Table 11 .4 Parameters of linear regression calibration equations ( ±  sem)  of herbage mass and 
EPM swa rd height for individual harvest dates, experiment 13. 

Regression parameter 

Harvest n a b RSD r 

L 12 34 76 ± 8 1  NS 220 ± 13 • • •  194 0.946 
L 26 40 226 + 107 • • •  1 93 ± 16 • • •  305 0.887 
L 41 39 425 ± 94 • • •  179 ± 14 • • •  285 0.909 
L 52 39 60 ± 1 10 NS 209 ± 18 • • •  306 0.881 
L 69 39 382 ± 88 • • •  2 1 1  ± 16 • • •  3 12 0.897 
Pooledc 191  281 ± 44 • • •  192 ± 7 • • •  295 0.897 

c First order polynomial :  y = 84 + 260x - 5x2, r = 0.904. 
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Botanical composition 

The percentage DM of the major com ponents in cut herbage remained relat ively constant 

during the trial (Table 1 1 .5) .  Full  details for individual harvests are included in Appendix V .  

Grasses were the predominant plant species in each of the swards, comprising more than 75% 

of the DM. Ryegrass ( Lol ium species) cultivars were the most common grass species f allowed 

by browntop(A�rostis tenuis), � .a..nnJJ..a (in the 550 sward) and Yorkshire £ og (Holcus lanatus, 

in the 2000 sward) .  Clover (mainly Trifol ium repens) content was highest (c. 1 1 .0% DM) on the 

550 sward and d imin ished once pasture height exceeded c. 6.0 cm. Dead material  content 

showed the reverse trend and was, as expected, highest in the longest pastures. 

Table 1 1 . 5  Botanical composition of swards, estimated from cut herbage (% total DM, 
mean±  se m for five harvests) and by point ana lysis of oesophageal fistu lated sheep extrusa 
(% occurrence, mean ± se m of three collections from three wethers), experiment 13. 

Her bage Component 

Method Sward  Grass Clover Weeds Dead 

Cut herbage 550 75.3 ± 2.5 1 1 .3 ± 1.4 5.2 ± 1 .6 8 .2 ± 1 .4 
1 150 81 .0 ± 3.2 8 .1  ± 2.2 2.5 ± 1 . 1  8.4 ± 1 .8 
1400 79.4 ± 2.0 3.4 ± 0.5 1.2 ± 0.4 16.0 ± 2.2 
1550 78.3 ± 2 . 1  3.0 ± 0.6 1.4 ± 0.2 17.3 ± 2.7 
2000 78. 1 ± 1 .6 3 . 1  ± 0.7 1 . 1  ± 0.5 17.7 ± 2 . 1  

Extrusa  550 79.3 ± 1 .5  6 .7  ± 1.9 2.5 ± 1 .9 12.7 ± 1 .0 
1 150 79.0 ± 1.7 1 1 .5 ± 4.1 0.5 ± 0.0 9.0 ± 3.3 
1400 76.7 ± 2.3 3.8 ± 2.2 0.5 ± 0.0 19.0 ± 2 .0 
1550 80.3 ± 2.0 2.6 ± 0.4 0.0 17. 1 ± 1 .7 
2000 7 1 .3 ± 3 .3 3.0 ± 1 . 1  0 .8  ± 0.0 23.4 ± 3.1 

The herbage componen ts of extrusa generally paral leled those obtained by d issection of cut 

herbage (Table 1 1.5), although the point analysis refers to the frequency of occurrence of diet 

components  rather than  to the proport ions of DM consumed .  Grasses were the major 

component of herbage intake. M ore dead material appeared on the extrusa collected from the 

1400, 1550 and 2000 swards, while more clover was evident in the samples obtained from the 550 

and 1 150 treatments. 

I n  vitro digestibility of h erbage 

Varia tion  between est imates of in v i tro herbage digestibi l i ty for the three collections from 

oesophageal f istulated sheep (L 24, 52 and 68) was low (Appendix V).  Therefore only mean 

results a re presented in Table 11.6. These provide an indication of differences in feed quality 

between the swards. Actual values for each collection were used for the derivation of herbage 

intake. The CV between the mean values of OMD for the five swards was 0.68%. Differences · 

i n  OMD were not significantly different between treatments, periods, or sheep. The inorganic 
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(ash)  fract ion was significantly ( P < 0.05) grea ter  on the 550 and 1400 swards .  With the 

exception of the 1400 treatment, which included areas with poor drainage, ash decreased as the 

residual height of grazing increased. The higher ash component of the shortest swa rd depressed 

the DMD and DOMD values (Nicoll 1982), but differences between the swards were otherwise 

small .  

Table 1 1 .6 Ash conten t ( mean ± sem) and in vitro digestibility values of extrusa collected 
by oesophageal fistulated wethers from each sward, experiment 13. 

Herbage parameter 

Sward na Ash D M D  O M D  D O M D  

550 7 24.21 ± 1 .47 75.68 ± 1 . 1 1  80.63 ± 0.67 65. 13  ± 0.70 
1 150 9 16.97 ± 0.77 78.81 ± 0.27 81 .68 ± 0.47 70.48 ± 0.40 
1400 9 18 .07 ± 0.70 77 .86 ± 0.35 81 .47 ± 0.24 69.60 ± 0.42 
1500 9 16 .36 ± 1 .25 78.47 ± 0.42 81 .21 ± 0.37 70.32 ± 1 .02 
2000 9 15 .31 ± 0.66 77 .22 ± 0.44 80.39 ± 0.36 69.92 ± 0.37 

aNumber of extrusa samples collected per sward. 

Animals 

Ewe herbage in takes 

Predicted daily OMI and DMI of ewes rearing one or two lambs during three stages of lactation 

are presented in Figure 1 1 .4 (see Appendix V for data ) .  Values for the period L 27-32 were 

derived from the chromium concentration in the faeces collected from sward rings while ewes 

of d ifferen t  rank were grazed separately within treat ment paddocks. These show that OMI 

were similar between ewes across treatments, and between rearing ranks within treatments, and 

equated to 28.9-32.7 g O M/kg ewe liveweight (LW)/d (Table 1 1 .7) .  Although rearing rank x 

treatment i nteractions  were not signficant, est imates of OMI per kg of ewe LW (at  the time of 

faecal sa mpling) were consistently h igher ( 5 . 1 - 14 .3%; P < 0.05) for the ewes rearing twins. 

Differences in DMI between treatments were small because of soil i ngestion , particu larly on 

the 550 and 1400 swards (Table 1 1.8) . 

During the second and third in take measurement periods (L 59-62 and L 66-70, respectively) 

differences in OMI (and DMI) between t reatments were small and non-significant on all except 

the 550 sward. Thus ewes on the 1 150 and higher swards consumed around 2.00 kg O Mjewejd 

while those on the 550 sward had in takes of c. 1 .58 kg O M/ewejd. W ith one exception, ewes 

rearing twins consumed more OM/kg ewe LW /d ( P < 0.05) than those rearing singles, although 

the magnitude of the d ifference ( 1 .3- 11 .2% in period 2 and 0.9- 17.6% in period 3) was 

inconsistent across trea tments. When intakes were expressed in terms of DM consumption, 

differences between treatment groups were reduced, as for the sward ring sample estimates; 

because of the variation in soil ingestion by ewes on the different sward heights (Table 11.8). 
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Figu re 1 1 .4 Effect of sward surface height on organic matter intake by lactating ewes, 

experiment 13. 
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Table 1 1 .7 Effect of sward surface height on herbage intakes of ewes rearing single (S) o r  twin 
(T) lambs at three stages of lactation (g OM/kg ewe LW /d; mean ± sem), experiment B. 

Period 1 (L 28-32) Period 2 (L 59-62) Period 3 (L 66-69) 

Sward S ing le  Twi n  Si ngle Twi n  Single  Twin  

550 

1 150 

1 400 

1550 

2000 

31 .20 
. 28. 1 2  

28.73 

29.64 

28.97 

33.59 

32.20 

32.57 

3 1 .48  

30.95 

28.38 ± 1 .74 

3 1 .49 ± 1 .65 

3 1 .33 ± 1 .63 

34 .30 ± 0.74 

33.44 ± 1 . 3 1  

28.37 ± 1 .73 

34.30 ± 2.26 

34 .29 ± 1 .27 

34.76 ± 0.74 

37. 1 8  ± 1 .4 2  

29. 1 3 ±  1 .55 

29.90 ± 1 .55 

30.05 ± 2.03 

28.54 ± 1 . 4 1  

29. 2 1  ± 1 .76 

19.3') ± 1 .2� 

35 . 1 6  ± 2 .42 

3 1 .3 1  ± 1 . 0 1  

3 1 .26 ± 2 .35 

33.79 ± 2 .60 

Overa l l  mean 

-sa
b 

-SW 
Effects 

Rearing rank 

Ewe age 

Tre a t m e n t  

Tre a t m e n t  x r a n k  

Period ( P2 v s  1'3) 

30. 7 1  

2.88 

1 .68 

32.78 

5 .37 

3.76 

:"'S 
NS 

30.77 

5 .93 

4.42 

0:S 

!'\S 

aThe "animal  between sward"  (treat m e n t )  stan dard deviation (sb) a n d  t h e  "wi t h i n  sward" s tandard deviat ion (sw) · 
These correspond to the terms used in t h e  d e n o m i nator of t h e  F-tests. The same defin i t ions apply to s ubseq u e n t  

tables.  
b:-.IA = 1\:ot appl icable .  

Table 1 1 .8 Eff eel of sward surf ace height on ingest ion of soil (g DMjcwe/d) by ewes of 
diff ercnt rearing ranks, experiment 13.  

Period 1 (L 28-32) a Period 2 ( L  59-62)6 Period 3 ( L  66-69) b 

Swar d  S ingle Twi n  S ingle Twin  Single Twin  

550 253 1 82 143 ± 19 144 ± 26 1 1 1  ± 1 1  1 1 1  
1 150 7 1  77 44 ± 3 4 1  ± 5  4 1  ± 5 45 
1400 108 122 66 ± 2 82 ± 20 92 ± 10  87 
1550 8 1  78 37 ± 6 34 ± 3  45 ± 3 40 
2000 35 67 21  ± 3 22 ± 4  34 ± 5 33 

a Group mean soil intake estimated f rom sward ring samples. 
b Mean ± sem soil intake for individual ewes during each period. 

The group mean OMI  of ewes, predicted f rom faecal samples collected from sward ring sites 

during lactation, are presented in Table 1 1 .9. These estimates indicate that differences in daily 

OMI  were smal l  across the sward t reatments ( P  < 0 . 1) but were general ly lowest on the 550 

sward. Intakes were highest during the initia l  intake period (L 18-22) when the ewes had been 

on their respective swards for seven days. Pasture heights were at or near their maximum for 

the t r ia l  at th is stage (Figure 1 1 .2).  O M I  decreased most in the ewes on the 550 sward, a 

reflection of both reduced ewe l iveweight (Table 1 1 .10) , and the lower herbage availability on 

this pasture. 

± 16 
± 3 
± 8 
± 4 
± 4 
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Table 11 .9 O rganic matter intakes of ewes (kg OM/ewe/d) predicted from the concentration 
of c h r o m i u m  i n  faeces co l lected from r ing s i tes  on swa rd s  wi th  d ifferen t herbage mass 
(experiment 13) .  F igures in brackets are the comparable group means estima ted by rectum 
grab sampl ing over the same period. 

Stage of lactation (L) : 

Swa rd 18-22 23-27 28-32 33-36 53-57 58-63 66-70 

500 2.14 1 .82 1 .78 1.78 1 .65 1 .54 ( 1 .55) 1 .53 ( 1 .60) 
1 150 2.05 2 .08 1 .80 1 .83 2 .17  2 .02 ( 1 .94) 1 .85 ( 1 .60) 
1400 2 . 16 1 .95 1.84 1 .72 2.02 2.01 ( 1 .97) 2 . 19 ( 1 .86) 
1550 2 . 18 2 .14 1 .91  1 .70 1 .94 2 .3 1  (2.09) 1 . 7 1  ( 1 .84) 
2000 2 . 14 1 .96 1 .87 1 .73 2 .24 2.34 (2 .20) 1 .99 ( 1 .99) 

Mean 2 . 13 1 .98 1 .84 1 .75 2 .00 2 .04 1 .80 
-sb 151  
-sw 127 
Effects  
Period * 

Treatment + 
Treatment x period NS 

The corre la t ion ( r )  between grou p m ea n  OMI  estima ted by swa rd ring and rec tum grab 

sampl ing methods for the final two intake periods was 0.88. The sward ring sampling technique 

can therefore be assumed to have provided estimates of group mean OMI of similar reliability 

during the earlier stages of lactation. 

The m ult iple regressions of OMI on ewe l iveweight (LW), rearing rank, ewe age (two year old 

ewe dummy variable = 1, mixed aged = 2) and sward height (h) for the periods L 59-62 and L 

66-69 were: 

OMI 59_62 • 190 (±  284 ) + 95 ( ±  18)  h + 67 ( ±  59) rank + 19 (±  4 )  LM - 13 ( ±  64) age. n - 56 , r2 
• 0.57. 

NS . . .  NS HS 

OHI 66_69 • 794 (± 350) + 37 (± 72 )  h + 88 ( ±  72) rank + 13 ( ±  6 )  LW - 49 (± 75)  age. n • 56 , r2 • 0 . 20 .  
+ + HS NS 

Ewe l iveweight and sward condit ions had the most significant effects on feed intake. 
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Ewe liveweight 

Ewe l iveweights (unfasted and corrected for wool weight )  increased by 2-4 kg/ewe on all  except 

the 550 sward, where the ewes lost a similar amount of l iveweight, over the 66 d of continuous 

grazing on the respective t reatments (Table 1 1 . 10) . Twenty-four hour  fasted l iveweights, 

obtained on L 76, indicated that gutfi l l  cont r ibu ted to 10 .45± 0 .26% of the unfasted ewe 

l iveweight, with a maximum diffe rence of 1 .6% between ewes on the 550 and 1400 swards ( P  

> 0. 1 ) .  The impact of gutfill between treatments and at  d ifferent weighings could therefore 

have been expected to be small, since ewes were weighed at the same time at each measurement 

date and off comparable levels of residual herbage mass. However, the pattern of l iveweight 

change between L 10 and L 33 suggests that this may not have been the case for the f i rst 

weigh ing after set s tock ing (Table 1 1 . 1 1 ) .  Diffe rences in ewe l iveweight which could be 

attribu ted to the amount of wool per ewe were small, as indicated by the average fleeceweights 

at shearing (L 97, Table 1 1 .16) .  

T a b l e  1 1 . 1 0  Effec t  of swa r d  t re a t m e n t  a n d  r e a r ing  rank on ewe l iveweight  a t  the 
commencement (L  10)  and end (L 76) of  continuous grazing, experimen t 13. 

Liveweight (kg) :  
Rearing 

Sward rank n L lOa L 76 

550 Single 6 55.35 b 50.68 b 
Twin 5 53.16 5 1.62 

1 150 Single 6 55.80 b 57.78 c 
Twin 4 49.08 52.49 

1400 Single 6 58.93 b 62.81 d 
Twin 6 5 1 .63 54.70 

1550 Single 5 56.91 b 6 1.55 d 
Twin 6 54 .92 58.45 

2000 Single 6 59.26 b 64.99 e 
Twin 6 52.38 57.82 

Overal l  means 55.04 57.51 
-sb 2 .67 0.76 
-sw 5 .02 5.96 
Effects 
Rank • •  * 

Ewe age • • •  * *  

Treatment - linear NS * "'  

Treatment - non-linear N S  + 

Treatment x rank NS NS 

a Corrected for weight of wool clipped on L 97. 
b,c,d,e Different letters indicate treatment group means differed significan tly a t  the 5% level by 
Duncan's Multiple Range Test using a between treatment (2 df) error term. 
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Trea tment d ifferences in ewe l iveweight a t  the commencement of continuous grazing ( L  10) 

were small (P > 0. 1 )  but m ixed age (P < 0.001)  and single-rearing ewes (P  < 0.01) were heavier 

than two yea r old and  twin-rearing ewes respectively. By L 76 treatment d ifferences h ad 

become signif icant (P  < 0.01)  and ewe liveweights showed a marked increase with increasing 

sward height .  With the exception of those on the 550 sward, single-rearing ewes were heavier 

than twin -rearing ewes (59.5 vs 55.3 kg, P < 0.05) at L 76. Two year old ewes were l ighter than 

mixed age ewes (59.7 vs 55. 1  kg, P < 0.01) at this time. 

Ewe l iveweight change during the first 45 days of lactation was highly variable, especially on the 

four longest swards (Table 1 1 . 1 1 ) .  This suggests that ewe gutfill may have been adapting to the 

new levels of pasture avai lability, particula rly on the 1550 and 2000 swards. During the final 

third of this period (L 34 to  L 45) al l  ewes except those rearing twins on the 550 sward lost 

liveweight .  Subsequently only one period of weight loss, in twin-rearing ewes on the 1550 sward 

from L 46 to L 59, was recorded on the 1 150 and greater swards. This weight loss may have 

been associated with foot scald problems. However, weight losses on the 550 sward from L 46 

to L 76 were consistent  and clearly not sustainable in the long term. Liveweight change was 

highly variable for both single- and twin-rearing ewes (P > 0. 1) .  Two year old ewes generally 

grew faster than mixed aged ewes but this effect was not consistent. 

Table 1 1 . 1 1  Effect of swa rd treatment on liveweight change (g/d) in ewes of different rearing 
rank, experiment 13. 

Period of lactation (L) : 

L 10-33 L 34-45 L 46-59 L 60-76 
Sward Single Twin S ingle Twin Single Twin Single Twin 

550 -90 -36 a -53 27 a -107 -69 a -28 -5 a 
1 150 99 75 a -50 -4 a 31 50 a 4 31  ab 
1400 83 54 a -44 93 a 7 1  1 14 a 88 78 b 
1550 191 1 19 a - 140 -8 ab 1 1  -20 a 104 68 b 
2000 175 17 1 a - 108 - 15 1  b 95 63 a 98 143 c 

sb 50 55 191 45 
Sw 92 154 96 89 

Effects 
Rank NS NS NS NS 
Ewe age + NS • •  NS 
Treatment • + NS • 

a,b,coifferent letters indicate treatment group means differed significantly at the 5% level by 
Duncan's Mult iple Range Test using a between treatment (2 df) error term. 
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Multiple regression equations were fitted to establish the effect of sward surface height (linear 

and quadratic terms), ewe age (two year old ewe dummy variable = 1 ,  mixed aged ewe = 2) and 

rea ring rank on ewe liveweight change (Table 1 1 . 12). The period L 10 to L 33 was excluded 

because of the possible confounding effects of gutfill. 

Table  1 1 . 12 Coefficients for the multiple regression (B ± seB) of ewe liveweight change (g/d) 
during lacta t ion (n  = 56) and ewe liveweigh t ( LW, kg) a t  the end of continuous grazing on 
sward surface height (h and h2) ,  rearing rank and ewe age, experiment 13 .  

Period of  l a c ta t ion :  Ewe liveweight :  
L 34-45 L 46-76 L 76 

Parameter  lla sell Sign .  8 sell Sign.  ll sell Sign . 

Constant 18 247 N S  -234 108 .. - 1 1 .74 6.39 + 
Ewe age -44 37 N S  -51 16 lfc Jic  -2.53 1 .03 * 

Rearing rank  -27 37 N S  4 16 NS -0.30 0.86 NS 
h 7 82 N S  94 36 * *  6 . 12 1.72 • • •  

h2 2 7 N S  -6 3 + -0.37 0 .14 * 

Initial LW 0.94 0 .08 * * *  

Model r2 0 . 1 1  0.48 0.85 

aB =  Partial  regression coefficient ;  seB = standard error of regression coefficient .  

For the period L 34 to L 35 the standardised partial regression coefficients indicated that sward 

height had less effect than ewe age or rearing rank on changes in ewe liveweight. However, for 

the period L 46 to  L 76 sward height had a large and primarily linear effect (P  < 0.01) on ewe 

liveweight change. The impact of ewe age ( P  < 0.01) ,  was larger than the effect of rearing rank 

(P > 0 . 1) with two year old ewes gaining more weight than the older ewes. Final ewe liveweights 

(L 76) were most affected by swa rd height (P < 0.001) and ewe age (P < 0.05) during the period 

of continuous grazing. Rearing rank had only a small ( P  > 0.1 )  negative effect .  

Ewe condition 

The general t rend was for subjectively assessed ewe condition score to decline from L 33 to L 70 

with the largest decreases occurring in the twin- rearing ewes (Table 1 1. 13) .  Thus ewe condition 

was consistently lower in the ewes rearing two lambs at  L 33 ( P < 0.001),  L 59 ( P < 0.05) and L 70 

(P < 0.01) . Ewes on the 550 sward were thinner than the ewes on the remaining treatments but 

this difference was significant ( P < 0 .05) only a t  L 33. Condition scores at  L 33 suggest that the 

ewes on the 550 sward had lost m ore body condition than the remaining trial ewes d uring the 

period L 10 to L 33. This is compatible with the results for ewe l iveweight change (Table 11 . 11) .  

Near  the  end of the  trial (L 70)  ewes rearing twin lambs had lower (P < 0.01) u l trasonic backfat 

depth measurements than those rearing singles (Table 1 1 .13).  Backfat depth was at least 

1 .5 mm greater in the single-bearing ewes on the four longest pastures, but on the 550 sward 

single- and twin-rearing ewes had similar amounts of fat cover (Figure 1 1.5). 
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Ta ble 1 1.13 Effect of sward trea tment and ewe rearing rank on condition score and backfat 
depth, experiment 13. 

Condition Score:  Backfat depth (mm):  
Rearing 

Sward rank L 33 L 59 L 70 L 70 

550 S ingle 2 .75 a 2 .58 a ? � �  - . ..)..) a 1.37 a 
Twin 2.70 2.60 2 .30 1.38 

1 150 Single 3 .42 b 3.00 a 3 .17 a 3.63 b 
Twin 3.63 2 .38 2.38 2.08 

1400 Single 3.50 b 3.33 a 3.33 a 4.87 b 
Twin 3.75 3.00 2.67 2 .22 

1550 Single 3.30 b 3.10 a 2.90 a 4.42 b 
Twin 3 .08 2.67 2.58 2.20 

2000 Single 3.25 b 2 .83 a 3 .08 a 4.41 b 
Twin 2.96 2.83 2 .67 2.25 

Mean 3.04 2.84 2.76 2.91 

-s b 0 . 17 0.60 0.43 0.54 

-sw 0.44 0 .44 0.56 1.99 
Effects  

Rearing rank * * •  • . ..  • •  

Ewe age NS + NS NS 
Treatment " NS NS .. 
Trea tment rank NS NS NS NS 

a , bo ifferent le tters indicate treatment group means d iffered significantly at  the 5% level by 
Duncan's Multiple Range Test using a between trea tment (2 df) error term . 
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Figure 11.5 Relationship between sward surface height and backfat depth of single- (o) and

twin- ( + )  rearing ewes, experiment 13. 
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The correlations between ewe liveweight ( unfasted) and condit ion scores on L 33, 59 and 70 

were 0 .49, 0.52 and 0.57, respectively (al l  significan t  at  P < 0.001 ) .  Bac.kfa t  depth was more 

highly correlated with L 70 l iveweight (r = 0.75, P < O.OOl) ,  and with condition score recorded 

on the same day (r  = 0 .78, P < 0.001 ) .  

Lamb l iveweigh t  a nd g rowth ra tes 

Data for 82 of the 90 lambs origina lly a l located to the treatment pastures were suitable for 

analysis (Table 1 1 . 1 4 ) .  The average birthweight of lambs, lay within the range 4 .34 kg ( 1 150 

sward) to 4.52 kg (2000 sward) .  Single lambs were 0.93 kg heavier at birth than twins (5.02 vs 

4 .09 kg, P < 0.001) ,  and ram lambs were heavier than ewe lambs (4.50 vs 4 .36 kg, P < 0. 1 ) .  

Up t o  L 4 5  growth rates of lambs were not significantly affected by sward conditions, but single 

lambs grew more rapidly than those reared as twins (317 vs 245 g/d, P < O.OOl) .  Sex effects were 

not significant during this period .  From L 46 to L 70, lambs on the 1 150 and longer swards 

achieved higher average rates of l iveweight gain (240 g/d) than those on the 550 sward ( 197 

g/d ) .  Single ( P < O.OOl)  and ram lambs (P < O.Ol )  had more rapid rates of growth from L 46 than 

twins and females respectively but there were significant sex x treatment and rank x treatment 

interactions. Thus the d ifference in growth rates between singles and twins was n ot the same 

for ram and ewe lambs for all treatments. At L 76, lamb weights were 4.5 kg greater in singles 

than in twins ( P < 0.00 1)  and 1.4 kg ( P < O.Ol)  greater in rams than in ewe lambs respectively. 

However,  treatment d ifferences in the final lamb liveweight (unfasted) ,  which ranged between 

2 1.50 kg on the 550 sward and 22.96 kg on the 1 150 sward, were not significan t .  

Variation in gutfill, as a percentage of the L 76  lamb l iveweight, was  greater than recorded in  

the  ewes and  ranged from 5.4% for  lambs from the  550 swa rd to 8.6% from lambs from the 1550 

sward (P < 0 . 1 ) .  Percentage gutfill was g reater on average in the lighter twin lambs than in those 

reared as singles (7.26 vs 6.25%, P < 0.01) .  Analysis of the fasted L 76 l iveweights indicated that 

treatment differences remained n on-significant if the effect of gutfill was excluded. 
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Table 11 .14 Lamb birthweights and effects of sward conditions, rearing rank and sex on final 
weigh t and growth rates, experiment 13. 

Weight (kg) at:  Daily gain (g/d) from: 
Rear ing 

Sward rank Sex n Birth L 76 L 0-45 L 46-76 

550 Single Ram 3 5.00 a 25.27 a 340 a 208 a 
Ewe 3 4.60 20.57 261 174 

Twin Ram 5 4.04 20.22 246 205 
Ewe 4 4 .13 20.98 269 196 

1 150 Single Ram 2 5.50 a 30.80 a 381 a 29X ab 
Ewe 4 4 .60 24.80 305 265 

Twin Ram 5 4.46 2 1 .72 232 252 
Ewe 3 3.87 17 .37 202 166 

1400 Single Ram 3 4.97 a 26.00 a 312 a 282 b 
Ewe 3 5.40 24.07 28 1 247 

·Twin Ram 7 4.50 22.80 265 259 
Ewe 4 3.48 18. 10 2 12 203 

1500 Single Ram 4 5.05 a 25.40 a 3 1 1  a 248 ab  
Ewe 2 5.50 29.70 370 296 

Twin Ram 5 4.34 20.78 235 221 
Ewe 7 3.86 20.57 244 215 

2000 Single Ram 1 5.00 a 30.20 a 385 a 303 ab 
Ewe 5 5.04 24.30 312 230 

Twin Ram 8 3.94 21 .94 256 238 
Ewe 4 4 . 13 20.90 261 2 18 

Overal l  mean (total) 
single (30) 5.02 25.37 317 248 
twin (52) 4 .09 20.86 245 223 

-sb 0.04 1 .80 8 42 
-sw 0.7 1 2.44 46 34 

Effects 
Sex NS NS 
Rank • • •  * * *  

Treatment -linear NA NS + N S  
- quadratic NA NS + NS 

Rank x t reatment NS + NS + 
Sex x treatment NS >!< NS 

a,bDifferent letters indicate treatment (sward) group means, across rearing ranks and sexes, 
differed significan tly a t  the 5% level by Duncan 's  Mul t i ple Range Test using a between 
treatment (2 df) error term . 
NA = not applicable. 

The relat ive impact of sex,  rearing rank and sward height on lamb growth ra tes and L 76  

l iveweights was  est imated by  multiple regression (Table 1 1 .15) .  This confirms that  sward. 

conditions had no posit ive impact  on lamb production from L 0 to L 45, but  became more 

important from L 46 to L 76.  Lambs which had  h igher birthweigh ts achieved greater L 76 

l iveweights, as  did ram and s ingle-reared lambs, compared with ewe and twin-reared lambs 

respectively. Sward conditions had only a small positive impact on L 76 weights. 
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Table 1 1.15 Multiple regression coefficients for lamb growth rates from L 0-45 and L 46-76 (B 
± seB) of lacta tion on rearing rank, sex and sward surface heigh t, experiment 13. Coefficients 
for the same regression, but including birthweight, on L 76 l iveweight a re also shown (Dummy 
variable for sex; ram = 1, ewe = 2) .  

L 0-45 L 46-76 L 76 

Parameter 8 se8 S ign . 8 se8 S ign .  8 se8 S ig n .  

Constant 465 7 1  * * *  138 56 * *  22.44 4.54 ll!c * *  

Sex -17 1 1  N S  -28 8 "' *  - 1 .73 0.59 * *  

Rearing rank -75 1 1  * * *  -31 9 * * *  -3 .74 0.72 • • *  

Sward height -21 23 NS 59 18 " *  0.92 1 .27 NS 
Birthweight 1 . 16 0.41 * *  

M odel r2 0.38 0 .31 0.52 

Ewe wool  production 

Midside wool samples were obtained from 58 of the ewes allocated to treatment pastures. Ewes 

which had previously been excluded from the liveweight analyses were not removed from the 

wool data set because wool production of these animals was a bove the respective treatment 

averages (i.e. short-term effects of disease had a larger impact on l iveweight than on wool 

growth) .  

Total wool weight (excluding wool removed for midside samples) collected on L 97, after the 

ewes had grazed together as a single group from L 77, averaged 3 .43 ± 0 .10 kg for 55 of the trial 

ewes (Table 1 1 . 16) . No effect of the grazing treatments on total wool production was apparent. 

Two year old ewes, last shorn in March, produced 2.85 kg of wool (2.88 kg in the single-rearing 

and  2 .83  kg in the twi n - rear ing ewes, respect ively ) .  M ixed age ewes,  shorn 12 months  

previously, produced 3 .99 kg (3.92 vs 4 .08 kg for single- and twin-rearing ewes, respectively) .  
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Table 1 1. 16 Effects of treatment and rearing rank on clean wool growth, fibre diameter, fibre 
strength and colour, and total wool production since the previous shearing, experiment 13.  

Mid-side sample Contralateral sample 

Rear ing Wool growth Colour Diameter Strength Colour  
Sward rank  n (mg/cm2/d) (Y-Z) (pm) (N/ktex) (Y-Z) 

550 Single 6 0.98 a 0.97 a 38.98 a 17 .29 a 2 .78 a 
Twin 6 1 . 16  1.45 38.55 16.33 2.72 

1 150 Single 6 1 .8 1 a 1 .23 ab  40.67 a 17 .83 a 3.20 a 
Twin 4 0 .99 1 .63 38.88 1 1 .51  2 .95 

1400 Single 6 0.98 a 1 .43 38.88 a 2 1 .43 a 2.65 a 
Twin 6 1 . 16  1 .55 38. 13 12.37 3.43 

1550 Single 6 1 .23 a 1 .53 ab  40. 15 a 18.45 a 5.03 a 
Twin 6 1 . 10 1 .50 38.95 19.59 3.73 

2000 Single 6 1 .01  a 2.08 b 40.70 a 18.34 a 3 .40 a 
Twin 6 1 .09 1.51 39.50 17 . 17 3.36 

-sb 0 . 19 0.34 2 .85 4 .91 0.71 
-sw 0 . 18  0.57 2.7 1 6.38 0 .78 

Effec t s  
Rearing rank NS NS + NS 
Ewe age JrjClfo!c NS NS + * * *  

Treatment NS NS NS NS 
Treatment x rank + NS NS NS NS 

aoifferent letters indicate trea tment  group means d iffered sign ificantly at the 5% level by 
Duncan's Multiple Range Test using a between treatment (2 df) error term. 

Wool on the midside patch grew at  an average rate of 1 .09 mg (clean)/cm2/d. The effects of 

increased pasture availability and rearing rank on wool growth were inconsistent. The rearing 

rank x t rea tment interaction (P < 0. 1 )  indicates that the effects of treatment on wool growth 

varied between rearing ranks. Clean wool growth was faster in the two year old than in the 

m ixed  aged ewes ( 1 . 30  v s  0 . 88 mg/cm 2/ d ,  P < 0 . 00 1 ) .  A l though  the  overa l l  level of 

discolouration of wool grown from lambing until L 76 was low, the Y-Z values were higher for 

the ewes from the three longest pastures. 

A similar pattern for colour was eviden t for the contralateral midside sam ples of wool grown 

since the previous shearing. A higher degree of discolouration was also evident in the two year 

old than in the mixed age ewes ( Y-Z = 3.54 vs 2.84, P < 0.001) .  Fibre diameter, as assessed by 

a irflow, did n ot differ between rearing ranks, ewe age groups or pasture treatments. Staple 

strength of the contralateral samples was generally greater in the single-rearing than the twin

rearing ewes ( 18.7 vs 15 .5 N/ktex, P < O.l) ,  and in the two year old than the mixed aged ewes 

( 18.6 vs 15.7 N /ktex, P < 0. 1 ) .  

Tot  a 
Woo  
(kg) 

3.52 
3 .18 
3.62 
3 .22 
3.29 
3 .47 
3.37 
3.52 
3.44 
3.43 

0.35 
0 .42 

NS 
* * *  

NS 
NS 
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Lamb wool production 

Midside clean wool growth in the lambs ( 1 .72 mg/cm2 /d) ,  was inconsistent between rearing 

ranks  ac ross trea tmen t s  (Table 1 1 . 17 ) .  There was  no re la t ionsh ip  be tween l a m b  wool 

production and pasture availability .  Airflow measurements indicated that wool from the twin 

lambs was significan tly finer than from the single lambs (31 .71  vs 33.49 /lm, P < O.OOl ) .  Wool 

was also finer ( P < 0.05) for the lambs reared on the two shortest pastures .  Wool was almost 

pure white ( mean Y -Z = 0.38) for all  of the pasture treatments. 

Table 1 1 . 1 7  Effects of sward trea tment and rearing rank on lamb midside wool growth,  fibre 
diameter and colour, experimen t 13.  

Sward Rearing Wool Growth Diameter Colour 
rank n (mg/cm2/d) (!lm) (Y-Z) 

550 Single 6 1 .74 a 33.73 a 0.50 a 
Twin 9 1 .73 32.70 0 .47 

1 150 Single 6 1 .82 a 34.65 b 0.32 a 
Twin 8 1 .43 3 1 .05 0.76 

1400 Single 0 1 .9 1 a 33.75 c 0.35 a 
Twin 1 1  1 .58 31 .21 0.31 

1550 Single 0 1 .83 a 32.63 c 0.00 a 
Twin 12 1 .72 31 .62 0 .20 

2000 Single 6 1 .74 a 32.50 c 0 . 13  a 
Twin 12 1 .82 3 1 .98 0 .63 

Overall mean (84) 1 .72 32.36 0.38 

sb 0.26 0 .27 0 .76 
Sw 0 .32 1 .74 0.57 

Effects 
Sex * * *  NS NS  
Rank * * *  N S  
Treatment "' NS 
Treatment x rank .. NS NS 

a,b,coifferent letters indicate treatment group means differed signif icantly at the 5% level by 
Duncan's Multiple Range Test u sing a between tre<;�tment (2 df) error term. 
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DISCUSSION 

The primary purpose of this experiment was to q uantify the rela tionships between pasture 

availabi li ty ,  herbage intake and  the productivity of ewes of d ifferen t rearing ranks  under 

continuous grazing management during lactation. This was achieved by set stocking six single

and six twin-rearing ewes onto each of five pastures of different sward heights for a period of 66 

days from the tenth day after the mid-point of lambing. 

Experimental  D esign 

The five pastures were established at  random and without replication. The decision to adopt a 

non-replicated design was based primarily on the physical l imitations of land area, animals and 

availabil i ty of labour. It was k nown a priori from the l i tera tu re that herbage avai labil ity 

affected ewe intakes. Sufficient animals therefore had to be included in each treatment group 

to obta in reliable measures of herbage intake .  Cruickshank e t  al. ( 1 987) showed that under 

field conditions the minimum number of animals required to have a 95% chance of detecting a 

10% difference in DOMI a t  the 10% level of significance was 6, due to errors associated with 

estimating faecal output using CRC (CV c. 4%) and herbage digestibility (CV c. 7.7%). Thus  a 

minimum of 12 ewes (6 of each rearing rank) were required for each treatment area or a total of 

72 animals for a replicated design for three herbage heights. Furthermore, i nsufficient New 

Zealand research results were avai lable to indicate which three pasture heights should be 

chosen, since the response curves for single- and twin-rearing ewes were not expected to cover 

the same ranges of herbage mass (Rattray et al. 1982b; Rattray 1986) . Bircham ( 1981) adopted 

a non-replicated design for a range of f our herbage masses, but maintained separate records for 

quartiles within each paddock, to generate treatment replication. However, Bircham's primary 

interest was sward dynamics under continuous grazing, rather than the productivity of the ewes 

rearing single lambs grazing each of the treatments (although herbage intakes were estimated 

by drenching with Cr203-impregnated paper) . In those experiments ewes were managed under 

a "put and take" system, and were removed if their liveweights fell below 50 kg (Bircham 1981) .  

In contrast, the main focus of the present experiment was ewe productivity. Ewes and their 

lambs were therefore required to remain on their respective swards for the duration of the 

experiment. A form of replication was provided by animals within swards. For this reason, the 

stocking rate selected for the trial a rea was conservative, and n on-treatment animals were used 

to maintain swards at  the required heights. It was not anticipated, at the commencement of the 

trial, that ewes would need to be removed from their plots because of malnutrition since the 

lowest sward height was a bove that frequently encountered on New Zealana sheep farms over 

the lambing period (Parker and  Townsley 1986) .  An alternative experimental design would 

have been to replicate at least one of the sward . heights (Garrick 1989) .  This w ould have· 

provided an error term for testing between sward parameters (not a primary objective) but, 
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given constraints on land and other resources, would have precluded use of one of the treatment 

heigh ts and h ence d imin ished the opportunity to define the herbage intake - productivity 

rela tionship. The design of this experiment therefore posed the classical dilemma between the 

need for sufficien t scale and range of trea tmen ts to provide a holistic appreciation of system 

pe rformance (which by v ir tue of sca rcity of resou rces leads to n on -replica t ion ) and the 

statistical requirement for replication to test whether treatment differences are real. 

Although ca reful considera t ion wa s given to the selettion of trial paddocks to minimise 

varia tion in sward parameters and climate, microsite differences in soil fertility, drainage and 

pasture composition meant that the five swards were not identical .  The absence of treatment 

replication did not enable an estimate of these effects to be made, except by using a regression 

approach to partition the trea tment degrees of freedom. This provided a statistical test of low 

power. Thus some trea tment d ifferences which were statistical ly non-significant would be of 

practical significance. In  these instances the nature of the relationship can be interpreted from 

a practical farming viewpoint 

Var ia t ion Between Swa rds a n d  M a i n tenance  of Pasture Condi t ions  

The swards were approximately maintained at  their initial heights  for the pastures with surface 

heights of 3 .5, 5.0 and 6.0 cm but the selective grazing behaviour of the ewes (Clarke and Harris 

1985), together with relat ively low seasonal pasture growth rates, meant that sward height was 

more variable on the 7 .0 and 8.5 cm pastures. The lat ter two pastures became more dumpy as 

the trial progressed, and the ewes and their lambs had the opportunity to graze pastures within 

the sward considerably below the init ial ta rgets. Bircham and H odgson ( 1983) and Grant et al .  

( 1983) noted similar increases in variabili ty of height measurements on the longer pastures of 

their fixed height grazing experiments.  This suggests that sward surface height for ryegrass

white clover pastures should be restricted to less than 6.0 cm for sheep studies in early lactation. 

The findings of Bircham ( 1981)  support this view, as do the herbage intake results for this trial 

which show that intakes were maximised at a sward height below this level during the lactation 

period. 

Pasture cuts to  ground level were more difficult to  obtain where pasture height was < 3.0 cm 

because, as also noted by Hodgson e t  a l .  ( 1981 ) ,  herbage became more prostrate and increased 

in density, relative to the longer pastures, as the trial progressed. Post-harvest herbage residual 

was therefore greatest on the low sw�rd quadrat cuts. Pasture mass may therefore have been 

underestimated on the low swards (as indicated by the pasture height-mass calibrations, Table 

1 1.5) .  Grant et a l .  ( 1983) measured similar large increases in sward mass at three experimental 

si tes w ith clover-free ryegrass-d ominan t  cont inuously grazed swards ( i .e .  358 kg OM/ha 

between 2 .1  and 2.9 cm average sward heights a t  site 1 ,  393 kg OM/ha between 1 . 1  and 2 .1  cm at 

site 2, and 441 kg OM/ha between 2.0 and 3.1 cm a t  site 3). 
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The N HA results (Table 1 1 .3) show that sward differences existed, notably in the 1550 sward. 

A sward height of 2.5-3.5 cm did not disadvantage N HA, which is in agreement with the findings 

of Tainton ( 1973) and Clarke ( 1978 ) .  Smetham ( 1975) suggested that  NH� would not be 

compromised unless pasture heights fell below 2.5 cm. 

All the swards had, and maintained, a similar proportion of the predominant grass species (.b. 
perenne) but clover contents were higher on the 550 and 1 150 swards. In vitro OMD exhibited 

little cliff erence between treatments. This indica tes that while ewes had less opportunity to 

graze new pasture growth on some of the swards, the quality of the diet selected by the ewes was 

probably similar across the range of sward heights and did not change significantly through 

ti me.  The smal l  variation in pasture digestibi l i ty is l ikely  to have been associated with the 

swards remaining in a vegetative state until the final week of the trial and the selective grazing 

behaviour of sheep ( Hughes 1983) .  Bircham ( 1981 )  recorded larger d ifferences between sward 

heights in OMD on predominantly Lolium perenne swards, especially a t  the lowest sward height 

where animals consumed significant amounts of pseudostem material .  

I t  is concluded that variation between the swards, in attributes other than pasture mass, was not 

sufficiently la rge to compromise in terpreta tion of animal response data across the range of 

treatments. 

CRC Performance 

A total of 120 capsules were administered to the ewes during the tria l .  For the 60 CRC involved 

in the second intake period no indication of capsule fai lure was evident from the chromium 

concentration in faecal grab samples from individual animals. Chromium levels in a single grab 

sample on L 19 and L 20 from 48 of the ewes showed that capsule failure probably did not occur 

during the first intake period. 

Analysis of the chromium end poin t data  (Appendix IV )  ind icated that  the rate of CRC 

chromium release for the cl iff erent pasture heights was s imi lar  to that measured by serial 

s laughter  of ewes in  exper iment  9 (Chapter  Eigh t ) .  In t ha t  exper iment ,  d ifferences in 

chromium release rates occurred when ewes were grazed a t  pasture heights of 2.0 - 2.5 cm, 

compared to 3.5 cm and longer pastures, but the differences were not significant. The assumed 

common release rate of 139 mg Cr/d used to derive faecal DM output for all treatments in this 

study may therefore have m argina l ly ( ±  5%) under- and over-estima ted  actual  outputs, 

particularly on the 550 and 2000 swards. 
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Ewe Herbage I n takes 

The main feature of the predicted herbage intakes was that intake in both single- and twin

rearing ewes was maximised at  a sward surface height of around 5 .0  cm.  This corresponds to a 

herbage mass of 900-1000 kg OM/ha or a compressed sward height of 4.0 - 4.5 cm.  Milne et al .  

( 198 1)  demonstra ted that the a symptote for herbage intake by ewes rearing twin lambs and 

continuously grazed on swards of 500 ( sward surface height = 2.0 cm), 750 (3.0 cm) or 1500 (6 

cm) kg OM/ha during the first six weeks of lactat ion was also around 1000 kg OM/ha (5.0 cm) .  

In another Bri tish trial ,  where ewes with twin  lambs were cont inuously grazed over the first 

seven weeks of lactation, Penning and H opper ( 1985) measured average OMI by ewes of 1 .60, 

2 .98, 2.75 and 2.54 kg/d at sward surface heights of 3, 6, 9 and 12 cm respectively. These results 

also suggest that ewe intakes were maximised at a sward height of a round 6.0 cm. 

S i m i la rly the predicted D M I ,  wh ich inc lude a h ighly var ia ble a m ount  of so i l  ingestion 

(especially on the 550 sward), correspond to the 2 .10 kg DMI/d at a residual of 500 kg DM/ha 

estimated by McEwan et a l .  ( 1983) by the difference technique. However, they a re lower than 

the 3 .35 kg DMI/d estima ted for a 900 kg DM/ha residual for single- and twin- rearing Romney 

ewes continuously grazed during lactation. 

The sward ring samples suggest that OMI peaked at  or during the third week of lactation but 

then remained a t  a similar level un til the ninth week of lactation. This contrasts with the results 

of Clarke ( 1978) who recorded a gradual decline in intakes, measured by the difference method 

with ewes shif ted dai ly ,  a s  lacta tion progressed.  However, G ibb and Treacher ( 1980) found 

only a sl ight decrease from peak intakes at  weeks 5-7 of lactation until week 15. A similar 

response was found in their 1978 experiment when intakes peaked 2-3 weeks after parturition . 

Geenty and Sykes ( 1986) recorded maximum intakes between weeks 2 and 4 of lactation in 

Dorset ewes a t  pasture. 

On a per kg liveweight (LW) basis the p redicted ewe intakes of 28-37 g OM/kg LW /d compare 

favourably with other intake studies of lactating ewes. Coop and Drew ( 1963) measured intakes 

of 27 and 32 g OM/kg LW /d in Border Leicester x Romney ewes (57 kg LW) rearing single and 

twin lambs respectively, when pasture was not l imiting. Intakes of 22.0, 29.0 and 38.0 g OM/kg 

LW /d by ewes rotationally grazed with their twin lambs on allowances of 25, 33, 47, 73 and 120 

kg O M/ewe/d were recorded by G ibb and T reacher ( 1978 ) .  In a latter trial by G ibb and 

Treacher ( 1 980) peak intakes in  twin-rearing ewes corresponded to 33-38 g O M/kg LW /d.  

Single-rearing ewes consumed 32 g OM/kg LW /d at a sward surface height of 4 .5  cm ( 1700 kg 

O M /ha) in Bircham's ( 1981 )  trial. Total daily OMI of 1 .74 to 1 .93 kg/d in week 4 of lactation 

are similar to the values reported by Geenty and Sykes ( 1986) for ewes on daily al lowances of 

m ore than 5.7 kg DM/ewe/d. 
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Twin -reyring ewes consumed 0 .9 - 17.6% more herbage per day on a l iveweight basis than 

single-rearing ewes. This d ifference i s  smaller than the 20-30% suggested in f ceding tables for 

New Zealand ewes (Geenty and Rattray 1987) and is also less than the 18-33% higher i ntakes of 

twi n - rear ing  ewes recorded by Coop and  D rew ( 1963 ) .  However ,  Maxwel l  et a l .  ( 1 979) 

recorded a d ifference of only 6% with ewes grazing ryegrass-white clover pastures, while Owen 

and Ingleton ( 1963) re ported no d ifference in estimated intake for ewes at pasture suckl ing 

single or twin lambs. S imi la rly, Peart ( 1967) found that intakes of twin-rearing ewes were not 

consistently greater than those of ewes rearing singles and by week 12 of lactation a l l  rea ring 

rank diffe rences had d isappeared . McEwen et al. ( 1983) found no d ifference between the 

intakes of single- and tw in - rearing ewes measured by the pasture disappearance meth od .  

Energy in take ·of pasture and  concentrates by tw in-rearing ewes at  weeks 5 and 6 of lactation 

was only 4"k more than that of the ewes rearing singles, despite the significantly lower milk 

production by the ewes suckling singles (Newton and Orr 1 98 1 ) .  

The tr ia l  resu lts the refore suggest t ha t  the capaci ty o f  ewes of  d iffe rent rea ring ranks to 

consume pasture was reasonably sim ilar on each of the sward height treatments, especially on 

the 550 sward where intakes were almost identical from L 59. Thus, intakes of both single- and 

twin-rearing ewes were showing signs of rest rict ion a t  a sward surf ace height of 3.5 cm, and the 

physica l capacity to ha rvest feed (biting rate x bite size x grazing time; Allden and Whittaker 

1970) ,  l im i ted intakes to a compa rable level .  Nevertheless, total DMI ,  as a proport ion of 

fleece-free bodyweight, equated to 3.4 to 4 . 1% of unfasted ewe l iveweight during period 1 and 

was h ighest in the ewes on the 550 sward. During subsequent periods daily DMI represented a 

s imi lar  proportion of bodyweight .  These values a re well above the 3% maximal bodyweight 

f igure suggested by Evan s  ( 1960 ) ,  but  a re less than the maxi mum DMI of 5.2 - 6.6% of 

bodyweight ( Peart 1967) or the 4 .7% recorded by Barnicoat et a l .  ( 1949) . 

Daily energy intake 

The meta bol i sa ble energy ( ME)  in takes  of s ing le - and twin-rearing ewes, derived from 

predicted DMI and in v itro herbage DOMD values, a re shown with recommended requ irements 

for ewes at  maintenance during lactation (Geenty and Rattray 1987) in Table 1 1 . 18. 
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T a b l e  1 1 . 18 Effect  of swa rd t rea tmen t  on  e s t ima ted m e tabolisable energy in takes  
(MJME/ewe/d) of single- and twin-rearing ewes during lactation, experiment 13. 

Period of lacta tion: 

L 27-32 L 59-62 L 66-70 

Sward Single Twin Single Twin  Single  Twin 

550 21 .38 21 .48 19. 15 19.29 20.0 1 20.84 
1 150 22.28 23.94 24.48 24.96 24.39 26.51 
1400 23.95 24.05 25.31 24.7 1 25.09 23.37 
1 550 23.82 24.29 26.81  26.76 23. 10  24.69 
2000 25.40 24.42 28.81 27.61 25.47 24.40 
Recommended MEa 
50 kg ewe 26.5 3 1 .0 20.5 22 .0 
55 kg ewe 28.0 32.0 21 .5 23.0 
60 kg ewe 29.0 33.0 22.0 24.0 

a Geenty and Rattray ( 1987 ) .  

At week 4 of lactat ion intakes of  al l  ewes were below the recommended requirement. However, 

at this stage ewes were losing l iveweight (Table 1 1 . 1 1) .  Geen ty and Rattray ( 1987) estimated 

that requirements can be reduced by 1 .7 MJ .M E/d for every 100 g of Iiveweight loss, but  

increase by 6.5 MJ M E/d for the same a m ount  of ga in .  By week 9 of lacta tion , and with 

l iveweight change considered,  es t ima ted energy intakes  were m ore com parable to the 

recommended levels. The mid -lactation figures com pare favourably with the respective M E  

intakes of 32.3 and 33.8 MJM E/d for c.80 kg single- and twin-rearing Masham ewes a t  pasture 

(Newton and Orr 198 1 ) .  

N o  measure of energy expended while harvesting pasture was obtained but visual observation 

showed that ewes on the 550 sward consistently spent more t ime grazing than ewes on the 

remaining treatments. Coop and Drew ( 1963) estimated that, relative to ad libitum grazing, 30-

60% extra energy was required where ewes were grazing very short pastures and grazing time 

exceeded 6-8 h ours . This was ref lected in higher intakes, but lower production, by ewes 

continuously grazed on a l ow sward height compared to those on longer pastures. In a more 

precise study with ewes suckling twin lambs, Penning and Hopper (1985) found that ewes at a 

sward surface height of 3.0 cm, spent significantly longer times grazing each day (770 minutes) 

than ewes on 6 cm (637 minutes) ,  9 cm (562 minutes) or 12 cm (553 minutes) pastures. The rate 

of pasture consumption by the ewes on the 3 cm sward was therefore about 50% of those on the 

longer pastures (which were similar to one another) . The biting rate of twin-rearing ewes also 

increased when lower daily herbage allowances were offered under rotational grazing (Penning 

et a l .  1986) . Bircham ( 198 1 )  considered that the inflexion point beyond which grazing time 

began to decline was when extended tiller lengths were less than 4-5 cm (i.e. about mid-way . 

between the 550 and 1 150 swards) .  In both the trial of Penn ing and Hooper (1985) and that of 
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B ircham ( 1981 )  bite size, ra ther than biting rate, was affected by herbage mass. It can therefore 

be inferred that  rela tive to those on the other swards, ewes on the 550 sward expended more 

energy grazing, so d iverting energy which could otherwise have been used for liveweight gain, 

wool growth or milk production. Thus productive performance of the 550 sward ewes, as in the 

trial of Coop and Drew ( 1963), was lower than suggested by daily OMI or energy intakes. 

Ewe Liveweight and Body Condition Changes 

The small numbers of ewes in each treatment group, and the considerable va riat ion in their 

individual productivity (and in i t ia l  body cond i tion) made it d ifficul t  to clea rly identify the 

effects of rearing rank on l iveweight change. The results suggest that these were relatively 

small  but this is contra ry to research where large numbers of ewes have been involved (e.g. 

McEwen et al. 1983) . However ,  changes in ewe liveweight during weeks 5 and 6 of lactation 

indicate tha t  even generous pastu re a l lowances, and associa ted high levels of intake, were 

inadequate to maintain l iveweight in single- and twin-rearing ewes (Figure 1 1 .6) . A similar 

effect, usual ly greatest in twin-rearing ewes, has been noted by other researchers ( Gibb and 

Treacher  1978; Peart 1968 ) .  Body reserves are therefore drawn u pon to meet the additiona l 

requirements for lactation. 
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Figure 1 1.6 Effect of sward surface height on group mean changes in ewe liveweight during 
lactation, experiment 13. 
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Al though no  initial records of body condition or backfat depth were obtained, relative changes 

in condition between L 33 and L 76 suggest that ewes, especially on the 550 sward, lost body 

condition most rapidly during the first four weeks after lambing. The tendancy for more rapid 

loss of body condition in the twin-rearing ewes was probably associa ted with their h igher levels 

of milk production (Barnicoa t et al .  1949) . However by mid-lactation (L  45) energy demand for 

m il k  production normally starts to decline as lambs begin to consume significan t  amounts of 

herbage (Gibb and Treacher 1978; Penning and Gibb 1979; Gibb et al .  1981 ;  Owens 1984). The 

maintenance of high intakes through to the ninth week of lactation therefore enabled the ewes 

on the 1 150 and longer swards to regain l iveweight. This was associated with a reduction in the 

rate of loss of body condition, and in some cases regaining of body condition on these swards. 

Lam b  Product ion 

Lamb growth ra tes were unaffected by a w ide range in pasture cond it ions (Figure 1 1 .7 ) ,  

especia l ly du ring the first  45  d ays of lactat ion,  presumably because ewes m obi l ised body 

reserves to maintain milk p roduction. 
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Figure 1 1 .7 Effect of swa rd surface height on average growth ra tes of lambs (corrected for 
rearing rank and sex effects) ,  during the first 45 days of lactation (o) and from L 46 to L 76 (x) , 
experiment 13. 



r 
180 

Increasing the availability of pasture to the twin-rearing ewes did not enable them to increase 

the growth rates of their lambs to the level of the single-reared lambs during the first six weeks 

of lacta t ion . Growth rates of twin lambs were a ppa rently constrained by the level of milk 

production of their mothers, since lamb rumen function and ability to digest herbage does not 

develop u nt i l  3-4 weeks of age ( Brown 1 964 ) .  Although daily milk production,  which is 

prima rily influenced by post-l ambing nutri t ion ( Peart 1970; Rauray et al. 1975: Geenty and 

Sykes 1986) and to a lesser extent ewe condition (Treacher and Gibb 1980) ,  is approximately 

30% higher in twin-rearing than single-rearing ewes at the peak of lactation, the volume of milk 

available to each twin lambs is  still less. Peak lactation is l ikely to have been achieved two 

weeks after set stocking on the respective t reatments (Barn icoat et al .  1957 : Peart 1967; Gibb 

and Treacher 1980; Geenty and Sykes 1986) . The simila rity of lam b  growth rates across 

treatments during the first six weeks of lactation implies that differences in ewe milk production 

were smal l .  To achieve this ewes on the 550 sward must  have mobilised additional body 

reserves to maintain milk production. Ewe body condition at  the commencement of the trial (L 

10) was probably simila r across treatments because ewes were randomly selected from the same 

popul a t ion  a n d  grazed  t ogether  un t i l  se t  s tock ing  on the  t rea tment  paddocks .  Other  

researchers, including Coop et a l .  ( 1972),  Clarke ( 1978) ,  Clarke e t  al .  ( 1986) and Penning e t  a l .  

( 1986) ,  have demonstrated the  a bility of ewes to buffer lamb production under conditions of 

low feeding by reducing liveweight and body condition. 

The effects of pasture availability on lamb growth grates were a pparent on the 550 sward during 

the second half of lacta tion (i .e.  from L 46 to L 76) . During this period ewes on the 550 sward 

and twin-rearing ewes on the remaining treatments had less body condition to mobilise (Table 

1 1 . 13) . In addit ion,  the effect  of mi lk  production on lamb growth would have been smaller 

because approximately two-thirds of total milk production is produced by week six of lactation 

(Barnicoa t et al. 1949; Pear t  1967, 1968). This suggests that d ifferences in lamb growth rate 

from L 46 to L 76 arose primarily from variation in herbage intakes by the lambs. Lambs would 

have begun to compete with their dams for forage first on the 550 sward from 3 to 4 weeks of 

age ( Penning and Gibb 1979; Penning et al .  1986) .  Although the smaller physical dimensions of 

the lamb mouth may have enabled them to graze more effectively than the ewes on the short 

pastures of the 550 sward ( Gibb and Treacher 1976; Wadsworth 1979), their total herbage and 

milk intake apparently still provided less energy for growth than was the case for lambs on the 

longer swa rds.  This indica tes, that for opt imum growth rates, lambs should have access to 

pastures with a sward surface height exceeding 4.0 cm from 3-4 weeks of age. 
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Ewe Wool Production 

The negligible effect of increasing swa rd surface height on wool production of ewes of differen t 

rearing rank during lactation is consistent with other research (Corbett 1979). In  a long term 

genotype-environment study of factors influencing wool production of Romney ewes, Newman 

( 1988) established that annual  g reasy fleeceweight was affected by -0.03 to 0.06 kg in ewes 

rearing twin lambs rela tive to those with singles. Differences in clean wool product ion were 

smal ler and ranged from 0.00 to -0 .12 kg across years. These differences were rela ted to 

seasonal conditions, the l a rgest cl iff erences occurring in years with poor levels of pasture 

production. A 0.22 kg d ifference in the annual production of greasy wool by single- and twin

rearing Romney ewes was measured by Stevens and Wright ( 1951) ,  but only 0.13 kg of this 

difference originated during the period of lactation. Sumner et al. ( 1989) recorded a 6% (0.01 

kg) and 12% (0.05 kg) decrease in annual wool production in  single- and twin-rearing ewes, 

respectively, compared to dry ewes. In the current experiment depressions of 0.05 and 0.16 kg in 

total greasy fleeceweight of twin-rearing rearing two year old and mixed-aged ewes respectively 

were measured relative to the performance of comparable single-rearing ewes. However, the 

midside wool growth data suggest that relatively little of this cliff erence originated during the 

lactat ion period. Oddy ( 1985) establ ished, in an indoor tr ia l  with Merino ewes, that the 

depression in wool product ion during lactation, which was relatively small between single- and 

twin-rearing ewes (3-8% ) ,  was directly related to the level of milk production. Reduced wool 

growth is therefore greatest where the lactation period is long and is associated with poor levels 

of nutrition . Thus McEwen et al. ( 1983) showed that greasy wool production during lactation 

was 0 .16 to 0.45 kg less in twin-rearing ewes than in single- rearing ewes depending on lambing 

and  wean ing da tes .  A l th ough va r ia t ion in wool  p roduction between ewes was h igh, the 

depression in intakes of ewes on the 550 sward could not have been sufficiently long or severe to 

be reflected in reduced wool growth . Similarly the relatively low midside wool growth rates 

could be explained by l i ttle or no wool accumula tion during the first six weeks of lactation, a 

phenomenon observed by Geenty and Sykes ( 1986) in Dorset ewes on both high and l ow planes 

of nutrition . 

The significantly higher clean wool production of the two year old compared to the mixed aged 

ewes corresponds to resu l t s  reported by Sumner and Wickham ( 1969), Hight et al. ( 1976) ,  

Bigham e t  a l .  ( 1978) a n d  Newman ( 1988) .  In the study of Newman ( 1988) two year old ewes 

produced 0.42 to 1 .24 kg more clean wool annually than 5 year old ewes grazed in the same flock 

over six seasons, although some of this effect was due to a slight ly longer shearing interval in 

the younger ewes. 
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Increasing feed availability did not result in increased overall staple strength of the wool grown 

during the trial period, but staple strength was lower in the twin-rearing ewes on the 550, 1 150 

and 1400 swards. In  the last two cases it  is d ifficult to explain this effect in terms of the intakes 

achieved. Staple strength of ewe wool can vary markedly between seasons according to feeding 

level, although the effects of lacta tion a re not  necessarily greater in twin- than in single-rearing 

ewes ( Newman 1988) .  Staple strength was grea ter in the two year old than in the m ixed aged 

ewes, a result which is  at variance with those of Bigham et al. ( 1983) who reported greater 

fleece tenderness in younger ewes. 

The excellent colour (Y -Z) of both the midside and contralateral samples can be explained by 

the time of wool harvesting. Wool grown from early spring to November has the lowest level of 

discolouration of annual growth (Sumner 1985) .  The whiter fleece of the older ewes probably 

rela tes to staple length, with the longer staple of the December-shorn mixed age ewes affording 

greater protection from the environment than the shorter stapled wools of the March-shorn two 

year old ewes. 

Lam b  Wool Production 

Very l i t t le  data on lamb wool production in English long wool type breeds has been published. 

I t  is t he ref ore difficu l t  t o  eva lua te  the  n i l  response of l a mbs t o  swa rd he ight  and  the  

inconsistency of wool production between lambs reared as singles or  twins. When wool growth 

is considered in relat ion to the patterns of l amb l iveweight gain, i t  seems reasonable that  

differences in wool production would also be smal l  and largely reflect the milking ability of 

their dams, at least during the first 6 weeks of lactation . 

P ractical A pplicat ion of Trial Result s  

The feed intake response t o  swa rd surface height indicates that the m ost critical aspect of 

grazing management for  the lacta ting ewe rearing either single or twin lambs is to  provide 

pastures with an average green leaf height of 5 cm (EPM compressed height 4.0 to 5.0 cm) or a 

swa rd mass of a pprox i m a tely 1000 k g  O M /ha ( 1 100 kg D M/ha) .  H odgson et a l .  ( 1986) 

suggested similar target sward surface heights of 4 to 5 cm for medium, and 5 to 6 cm for high, 

g rowth rates respectively in lactating ewes and their lambs under British conditions. The 

advantage of communicating in terms of sward height is tha t  it  is a measure which is readily 

understood and applied by farmers. In N ew Zealand considerable confusion amongst farmers 

has a risen through the use of the term DM mass (or  green leaf mass), because of regional 

differences in  swa rd densi ty and composition, and variation in the techniques employed to 

determine pasture mass (Thompson 1986) . In  addition the vertical distribution of plants is often 
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more closely related to animal intakes, through its effect on bite size, than is residual herbage 

mass (Hodgson 1981,  1982) .  

In  practice farmers often have difficulty providing (and maintaining) a sward of 5 cm a t  lambing 

(Parker 1984a) .  The lamb and wool production responses measured from L 0 to L 45, and the 

earlier results of Coop et a l .  ( 1972) ,  indicate that farmers can afford to restrict lactating ewes 

for short periods without jeopardising production . This period should be no more than three 

weeks, as effects on production reflect the extent of underfeeding (Coop et al. 1972) and initial 

ewe cond ition. During this time ewes should preferably not be grazed below a sward surface 

height of 3.0 cm (600-700 kg DM/ha) .  A useful management strategy may b e  t o  progressively 

set stock ewes at lambing, by initially allocating ewes at higher than average stocking rates to a 

proportion of the a rea designated for the ewes during lactation. Pasture growth on the non

grazed area could then continue to accumulate until the required target levels for grazing were 

achieved . This strategy would be more effective where ewes had been d rafted into lambing 

groups on the basis of crayon marks from tupping, because the nutri tional requirement for 

animals within groups would be similar. In addition, if nitrogen fertiliser was to be applied, 

planning would a l low nitrogen application to the la ter grazed a rea, providing m ore time for 

spring soil temperatures to increase, but stil l a l lowing a 3-4 week interval between fertiliser 

application and grazing (Field and Ball 1978) .  

Once the ewes have been a l located t o  pastures with sward surface heights exceeding 5.0 c m  i t  i s  

importan t  that changes i n  height continue t o  b e  monitored . Where lambing date i s  reasonably 

ma tched with the onset of spring growth, the major management problem during the second 

half of lactation will be to control pasture growth in order to maintain a leafy sward with h igh 

digestibility (Sheath and Bircham 1983) .  Increasing sward pasture height results in higher dead 

materia l contents (and therefore wastage of pasture grown) and reduced clover content, as 

demonstrated by the 1550 and 2000 swards in this study. Both of these factors are associated 

with poor post-weaning lamb performance ( Ra e  et al. 1963; Lewis and Cullen 1973) .  Sward 

surface heigh t shou ld  therefore preferably be mainta ined within the range 4 to 7 cm during 

lactation. This can be achieved by measures such as adjusting stocking rate, conservation of hay 

or silage, chemical con trol to reduce seedhead emergence Brookes and Holmes ( 1985) or grass 

growth (Williams and Palmer 1969), and integra tion of cattle with ewes ( McCall et a l .  1986) .  

The requirements for integrated grazing of  lactating ewes with cattle need better definition 

(Hodgson et al. 1985) ,  but a recent experiment has shown that c.300 kg male cattle will grow a t  

0.9, 1 .5 and  1 .6 kgjday when continuously grazed on  compressed sward heights of 4, 8 and  12 cm 

respectively during spring (Michel 1989) . Liveweight gains in yearling cattle of around 1 .0  kg 

per day could be expected if integrated grazing with ewes and lambs, to maintain pasture height 

between 5.0 and 7 .0  cm,  was adopted. An autumn experiment with the same cattle recorded 

l iveweight responses of 0 .0, 0.6 and  1.3 kg/d for  swards of similar height (Hirschberg et aL 

1990) demonstrating that the relationship between sward height and production may change 
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during the year. This is also reflected in the sward height targets set by Hodgson et a l .  ( 1986) 

for different seasons and physio logical sta tes for sheep, and by the con trasting spring and 

autumn l amb performance data for d ifferent sward heights recorded by Hight and Sinclair 

( 1965) ,  and Lewis and Cullen ( 1973) under New Zealand conditions. This indicates that swa rd 

surface height management guidelines for the lactation period cannot necessarily be appl ied to 

other times of the yea r. Further research is  required to establ ish appropriate guidelines for 

ewes under continuous grazing a t  other times of the year but in the meantime the concurrence 

between the present experiment and British resul ts for the same period suggests that until such 

l ocal standards have been established, the recommendations of Hodgson et al. ( 1986) could be 

adopted by New Zealand sheep farmers. 

CONCLUSIONS 

The results of this experiment suggest that New Zealand sheep farmers would gain litt le benefit 

in terms of herbage intake and production responses from separate grazing of ewes of d ifferent 

rearing rank over the lacta tion period. H owever, the results apply to only one set of conditions 

and further work is required to establ ish the effects of low ewe condit ion at l ambing, and 

perhaps a lower sward height ,  on productive performance of the ewe. These conditions are 

relatively common on New Zea land sheep farms at lambing (McEwen et a l .  1983; Parker and 

Townsley 1986) .  The n on-nutritional benefits of differential grazing management at lambing 

and during lactation, including better u tilisation of shelter, improved efficiency of selection of 

flock replacements and earlier d rafting of heavier single lambs (Garrick 1984) also need to be 

considered .  For exa m pl e, Bowman et a l .  ( 1989) were a ble  to  demon st ra te by s imula tion 

m odel l ing that positive cash benefits resu lted from scanning Merino wool producing f locks 

despite a l ow incidence of twinning ( 1 .3 to 7 .9%) .  Benefi ts increased with improved flock 

fecundity. Under New Zealand conditions twinning rates in commercial flocks are much higher 

(Kelly 1982; Rohloff et al. 1982; Davis et al. 1983) and potential benefits of pregnancy diagnosis 

are greater (Blair 1986) .  

The greatest advantage of differential management may be improved lamb survival .  Scales et 

al .  ( 1988) concluded from a l amb  mortality study that differential nutri tion of single- and 

multiple -bearing ewes during the final six weeks of lactation would improve survival of twin 

lambs .  Although differential  management would resul t  in only a small improvement in the 

birthweight of lambs born as twins ( Russel et a l .  1967; Clarke 1978; Smeaton 1983), the higher 

body condition of the ewe at  lambing would provide a number  of advantages. First, the ewe 

would be better equipped to  cope with the rigors of parturit ion ;  second, the onset of milk 

product ion and par t icu la rly the secretion of colostrum w ou ld be earlier (McCance and 

Alexander 1959; Khalaf et al. 1979; Earle and Male 1988) ;  and third, the separated ewes could 

be a l located to paddocks with the best shelter (Bird et al. 1984b) and on hill country to l am bing 
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paddocks with gentler slopes ( McMil lan and Knight 1985).  The results from experiment 1 1  

( Chapter Ten )  suggest that the feed intakes of ewes bearing twins may have been disadvantaged 

through competition with single-bearing ewes. Hadjipieris and Holmes ( 1966) showed that this 

response may occur because the volume of the conceptus limits rumen space if diet quality is 

low. Differential management would al low twin-bearing ewes to  be provided with h igher 

quality feed during the f inal  trimester of pregnancy, while poorer quality pasture, carried over 

from late a u t u mn -ea rly win ter ,  could be offered to single-bearing ewes. Al though such 

realloca tion of resources to favour. twin-bearing ewes could reduce the performance of single

bearing ewes, the overall flock performance and farmer returns should increase ( Parker 1984b;  

Blair  1986; Bowman et a l .  1989) . 

The major recommendation from this experiment is that farmers should a im to provide single

and twin - rearing ewes with pastures having a sward surface height of 5 to 7 cm during lactation . 

This will max im ise both lamb and ewe performance. Provis ion of longer pastures will not 

improve herbage in takes, but is likely to jeopardise subsequent pasture quality and hence sheep 

performance. 
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CHAPTER TWELVE 

GENERAL DISCUSSION 

INT R OD U CT I O N  

Despite the momentous changes made to the agricultural sector of the New Zealand economy since 

1984, provisi on of pasture remains the m ajor on-farm cost of pastora l -based l ivestock systems. In 

fact, removal of inst i tu tional support for agricul ture has heightened the importance of producing and 

ut i l is ing pas ture by low cost ( l ow i n p u t )  sys tems,  which increasi ngly mus t  be perceived to be 

environmentally friendly. I n  the in t roduction to th is study, poten tial gains in efficiency resul ting from 

improved u t i l isat ion of pastu re were ident if ied.  It was suggested that  sheep farm production and 

financ ia l  returns could be increased by m odifying grazing management of the ewe d u ring la te  

pregnancy and lactation, to better f i t  management to  the differen t pregnancy and  rearing status of 

ewes. A l th ough the  opportun i ty to  i mprove the efficiency of this aspect of pasture a l location on 

sheep fa rms had been recogn ised since the ea rly 1950's, progress in developing new management 

systems for the ewe was restric ted by the  absence of equipment  tha t  prov ided for the accurate 

diagnosis of pregnancy status in  the ewe and by a lack of data defining relationships between pasture 

availabi l i ty, feed intake, and ewe and lamb productivity. By the mid-1980's a low cost, transportable 

and accu rate p regnancy d iagnos is  t echn i q u e  based on real t ime  u l t rasound sca nn ing had been 

developed ( see p. 13) .  However, research i n t o  grazing management  of the  ewe continued to be 

ham pered by the a bsence of an easi ly appl ied techn ique  for measur ing feed i n t a ke wi th  l i tt le  

disturbance to normal grazing behaviour. The purpose of this thesis was to address the la t ter issue, 

first by val ida t ing the use of new CRC technology for measuring feed in take by sheep, second by 

measu remen t of feed i n t ake  i n  ewes of d iffe ren t p regnancy a nd rear ing  s ta tus, and  th ird by 

incorporating the intake data and associated productivity responses into a model to design i mproved 

grazing systems for the ewe. In this Chapter progress in achieving these objectives is reviewed and 

areas requiring further study are iden t ified. 

VALIDATION OF INTRA R U MINA L  CRC F O R  USE IN S HEEP 

The validation experiments conducted during this study have demonstra ted that CRC release Cr203 
into the rumen in a uniform manner once ini t iat ion of matrix extrusion has been completed 2 to 3 days 

after capsule insertion. The subsequent period of l inear release was found to be dependent on orifice 
diameter, matrix composition and  length of the pressed tablet core, confirming the results reported 
by Laby et  al . (1984) and Ellis et a l .  ( 1988).  In comparison to manufacturer-controlled characteristics 
of capsules, environmental factors, within and outside the sheep, had relatively small effects on the 
rate or linearity of Cr2o3 release. Thus release rates were only about 4% lower if daily feed intake 
Was a t  0 .7 M compared to an ad libi t um level (non-significant).  Plunger travel, and  hence Cr203 
release rate, was reduced if intakes were main tained a t  < 0.6 M for 4 to 6 days but recovered to their 
Previous level when feed intakes were raised to a maintenance or h igher level. Feed intakes below 0.6 
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M for this period of t ime a re generally not requi red for grazing experiments but may be encountered 

in dry rangeland si tuat ions where daily intakes are dependent on the availability of browsing shrubs 

and low qual i ty nat ive pasture. In these circumstances it is  recommended that an alternative to CRC 

for estima ting faecal output be used. Release rates were not affec ted by d ifferent pasture species 

consumed fresh at equivalent levels of f eed intake, but showed a tendency to increase by 1 .5 to 2.0% if 

feeds wh ich crea te 'coarse' rumen contents (e .g .  hay)  were eaten, p robably because abrasion of 

matrix at the capsule orifice is increased . 

The experimen ts in which ca psules were recovered from the  rumen by slaughter indicated that  

variat ion in  Cr203 release rate between sheep grazing in the same environment was low (CV 2.0 to 

6.5%) . Varia tion in release rate between CRC within animals was usually lower. 

The la rgest difference in release rate was between capsu les in rumen-fistula ted and non-fistulated 

sheep. Although only one experimen t was conducted with rumen-fistulated and intact sheep grazed 

together (Chapter Eight) ,  several other indirect comparisons between the two types of animal were 

made incidental to other studies. In these cases both types of sheep grazed simi lar pastu res and were 

fitted with CRC from the same  manufactu ring batch . Plunger t ravel was consistently about 10% lower 

in rumen-fistulated than in non-f is tula ted sheep .  Th i s  diffe rence can probably be a t t r ibu ted to 

tempe r a tu re f l u c t u a t i on s  a s soc i a t ed  w i t h  t h e  r e m ova l  of t h e  capsu le  from the ru men for  

measurement. Different gaseous condit ions in  a fistulated compared to  an in tact rumen are also likely 

to have been a con t r ibut ing  factor .  In contrast ,  Laby et a l .  ( 1 984) i m pl ied tha t  there were no 

differences between f istulated and non-fistulated sheep while Ellis et al. ( 1982) reported a m ore rapid 

release of Cr203 from CRC (with a cast core matrix) in rumen-fistulated cattle compared to that in 

CRC recovered from slaughtered steers. It is important that the relationship  between plunger travel 

in fistulated and intact animals be precisely defined because rumen-fistulated animals provide the 

most simple method of esti mating the Cr2o3 release rate from CRC used for tr ial purposes. If the 

difference was constant, rumen-fistulated sheep could be grazed with, or on similar pastures to, the 

experimental animals to provide estimates of release rates. M ore informat ion on CRC performance 

will become available in the next few years as the capsules are used a t  different research stations. This 

will indicate the extent to which plunger t ravel measurements i n  one environment (e.g. those taken at 

a CRC testing site) can be extrapolated across other environments (e.g. different trial locations). 

Alternatively the rate of Cr2o3 rel�ase can be determined to ± 0.5 d by measuring the endpoint of 

matrix ext rusion (Eilis et a l .  1988) ,  bu t  this requ i res addi t ional  animal handling and labour, and 

increases analytical expenses. A group mean endpoint, which provides the appropriate release rate 
for deriving faecal output  of treatment groups, can be obtained by sampling from the sward each 

morning and evening over the final 4 to 5 days of matrix release (e .g . experiment 13). As a result of 
the programme reported here research has commenced a t  Massey University on the use of cupric

_ 
sulphide (CuS) as a secondary faecal marker, included in the final tablet of the matrix core, to clearly 

distingu ish the end of Cr2o3 release (W.J.Parker, unpublished data). Cupric sulphide meets the 
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requirements specified by Kobt and Luckey ( 1972) for faecal markers and its concentration in the 

faeces can be determined by a tomic a bsorption spectrophotometry after digestion by the methods 

used for Crz03 . It should be noted that  the insertion of a second capsule to release CuS (or an 

alternative secondary marker)  joint ly with a capsule releasing Cr203 would a l low two or more 

treatment grou ps of an imals  grazing toge ther to be identified when faeces a re sampled from the 

swa rd . A dua l  m a rker  system has  par t icu la r  relevance when minimal  dis tu rbance of grazing is 

desirable, individual animal data are not required or problems with animal handling (e.g. ewes with 

young lambs at foot) prevent sampling per rectum .  

I t  is concluded tha t, because loca l  environmenta l factors and  the management system adopted for 

experimental animals can influence the rate of Cr2o3 release, the release rate data provided by the 

capsule  manufactu rers (derived from ru men-fistula ted wethers at Massey University and at the 

CS IRO research sta tion at Armidale) should be used only as a guideline. Wherever possible, Cr2o3 
release rates should be esta blished for each experiment to ensure that reliable estimates of faecal 

ou tput  a re obtained. 

The 18 day pe riod of linear release after attain ment of steady state concentrations of Cr203 in the 

faeces (7 to 8 days after ca psu le d osing) provides the opportunity to apply experimental designs 

involving c ross -overs or mu l t i ple  feeding levels  wi th  the  com mercia l sheep capsule ( i .e .  that 

contain ing a 3.0 cm pressed tablet core) .  This opportunity is grea ter in non-commercial CRC which 

have a longer linear release phase either because more Cr2o3 tablets are included in the barrel (e.g. 

experiment 7 )  or because a smal ler orifice reduces the ra te of matrix extrusion (e .g. experiment 1 ) .  l t  

was estima ted from the resul ts  of experiment 8 (Chapter Seven) that for rela tively small changes in 

intake ( < 0.4 M) a 3 day period would be usually be adequate for Cr203 to adjust to a new steady state 

but for l a rger changes 5 or more days may be necessa ry. It  was not possible to accurately define the 

adjustment period for larger changes in feed intake because each feeding level in that trial was of only 

6 days durat ion . Better definition of adjustment periods for different levels of intake of a range of 

feed types (including changes to a different feed type) is required . 

The validation experiments reported in this thesis were mainly conducted with sheep managed under 

continuous grazing to maintain a uniform (or minimum) residual pasture height or mass. Under these 

conditions, fluctua tion s  in da il y  intake are probably reduced and between-day variation in faecal 

chromium concentra tion minimised relative to rotational grazing management (Raymond and Minson 

1955) .  However, rotational grazing of sheep is widely practiced by sheep farmers, especially from 
weaning until 2 to 3 weeks before the start of lambing, and researchers will want to apply CRC under 
these condi t ions .  The effects  of a l te rna t ive rota t iona l  graz ing regimens on faecal chromium 

concentrations should therefore be quantified.  This should also include the measurement of carry

over effects on faecal chromium levels between grazing intervals,  particularly in  situa tions where 

intakes range from .iUl libitum to sub-maintenance levels within each grazing interval. 
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Under indoor conditions a correlation of 0.90 t o  0 .99 between daily faecal output derived by Cr2o3 
dilu tion and faecal output measured by total collection for individual sheep was obtained (experiment 

6 and Appendix V I ) .  Th is compares favourably with the correla tion of 0.83 reported by Lee et a l .  

(1988) . Under ou tdoor conditions the  correlation between predicted mean  faecal output and  total 

col lec t ion ove r  a 3 -day per iod was 0 .87  (ex per imen t 9 ) .  E l l i s  a n d  Rodden ( 1 987) reported a 

correla t ion of 0.99 between predicted and actual daily faecal output of sheep fitted with CRC where 

faeces of th ree sheep had been collected off the sward after each defaecation over a period of 72 

hou rs .  H owever, estima tes of individual an imal intakes are less reliable because small changes in the 

digestibility of feed consumed may exert substan t ia l  effec ts  on intake (see equation 1 . 1 ,  p. 20 ) .  The 

importance of th i s  effect is i l lustrated by the data shown in Table 12 . 1  (derived from Appendix VI ) .  

Three measu res of DMI  were  obtained : t he  ac tua l  D l\1 1  ( DM JA ) ; intake predicted from faecal ou tpu t  

est ima ted b y  CRC C r2 o3 d i lu t ion and the  ani ma l 's own d igest ibi l ity ( D M I O ) ;  and  the  intake 

predicted from estimated faecal out put using the grou p �  digestibility ( DM I M ) .  

Tab le  1 2 . 1  L ivewe ight  ( LW) ,  dry m a t te r  d iges t ih i l i ty ( D M D )  a n d  actual o r  predicted intakes of 

sheep fed ryegrassjwhi te  c l over pasture.  

Sheep LW D M D  D M I A D M I O D M I M  
(kg) (%)  g/d Rank g/d Rank g/d Rank 

1 43.0 73.05 1357 1 12Y l 1 1263 
2 45.5 70.68 1494 2 1549 3 1641 4 
3 48.0 7 1 .36 1598 .., 1 778 4 1 833 5 .) 
4 45.0 70.08 1633 4 1 50 1 2 161 1  3 
5 49.0 77.54 1 649 5 185� 6 1488 2 
6 49.0 72.21 1 786 6 1 S4 1  5 U�56 6 
Mean 46.h 72.48 1 589 1 636 1615 

Intakes predicted from faecal output and the animal 's own digestibil i ty (DMIO)  ranged from 94 to 

1 16% of the actual intake (DM IA) and the correlation between the two measures was relat ively low 

(r2 = 0.69) . There was considerable variation between animals in in vivo digestibility (CV = 3.7% ) .  As 

a result in take es t imated from faeca l  ou t put and mean d iges t ib i l i ty ( D M I M )  had a sti l l  lower 

correla t ion wi th  ac tua l  i n t a ke ( r2 = 0 . 55 ) .  It is this l a t ter  f igu re ( D M I M )  which most closely 

approxima tes est ima tes that  would be obta ined in the field ( i .e .  those based on estima ted faecal 

output  and an assumed digest ibil ity) . H owever, in the field situa t ion,  between-animal variation in 

digestibil ity would l ikely be increased (due to greater opportunity for diet selection) .  This would be 

most significant under ad libitum grazing conditions. Thus  the poor correlation between actual and 

estima ted intakes is l ikely to be exacerba ted in the field. It can be concluded (Parker et a l .  1990a, 

Appendix VII )  that CRC technology will not be suitable for accurate estimation of individual animal 

intakes until improved herbage digestibil i ty measurement techniques are developed. However, in a 

group situation, errors due to faecal sampling, variable release of Cr203 from the CRC, chromium 

assay variation and between-animal variation in digestibility a re assumed to be randomly distributed 

across the groups being studied. Differences in diet selection between groups should be monitored 

particularly carefully when the groups are grazed on dissi milar swards (e.g. when comparing feed 
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intakes on alternat ive pasture species) .  

The grea test advan tage of CRC technology is i ts reduced animal handling requirements and increased 

flexibil ity of faecal sa mpling routines. This means that large groups of an imals can be studied (e.g. 

Barlow et a l .  1988; Lee e t  al. J 990; experiment 13), increasing the chances of detec ting d ifferences 

between groups of animals (U iyatt  1972) .  For example, a 3 to 4% difference in group mean intake 

could be detected with group sizes of 50 an imals ,  providing errors in estimating faecal output and 

herbage digest ibility were such tha t the CV in predicted feed intake between and within groups was 

10% (see Parker et al .  1990a, Appendix V I I ) .  Al terna tively repl icated treatments with smaller group 

sizes can be adopted to improve the chances of detecting trea tment differences in group mean feed 

intake (Cruickshank et al .  1987) .  

Unsatisfactory estimation of faecal output and feed intake by CRC has been reported by Lee et al .  

( 1990) and Glimp ( 1 990) .  Lee et al .  ( 1 9'-JO) at tributed the poor result to the fact that faecal sampling 

commenced 6 days after capsule administrat ion when steady state levels of Cr203 had not yet been 

a ttained in the faeces. Estimates of faeca l output im proved for a second th ree day sampling period 

commencing on d 16. Poor results in the trial by Glimp ( 1 990) are probably related to faecal sampling 

when Cr203 had not  recovered to a steady sta te after a transition be tween feeding levels ( i .e . .  n o  

adjustment period was allowed for),  sampling after d 26 (when the release phase was likely t o  have 

been completed for some of the CRC)  and  t o  a pplication of the release rates specified by the 

manufacturer (which, as  n oted earl ier ,  can only be used a s  a guide) for estimating faecal output .  

Errors wi l l  a lso occur if  sampling periods are not  sufficiently long to account  for variation in faecal 

output between days by individual animals ( Lee et al. 1990) .  A minimum of three samples per animal 

(one sample  per day)  is reco m mended  w he re da i l y  in takes a re rela t ively uniform (e .g. under 

continuous grazing at  a fixed sward height) , but the number of samples should be increased to 5 or 

more where varia tion in dai ly in take is greater (e.g as animals graze down through a sward over a 3 to 

7 day period ) .  

Improvements t o  the Chromium Assay 

The rel iable assay of faecal  Cr2o 3 is cr i t ical to  the success of CRC (and related methods) for 

estimating faecal ou tpu t .  Generally t he phosphoric manganese acid - potassium bromate digestion 

procedure and AA determinat ion of chromium in solu tion u sed in this  study worked well .  It is 

essential tha t pool samples be included with each ba tch to monitor intra- and inter-assay variation 

(typical CV between 2.5 and 5.0%) and that a standard solution be aspirated into the AA flame every 

5 to 1 0  readings t o  con trol variation in spectrophotometer performance. Adoption of a disposable 

glassware system (Costigan and Ell is  1987) ,  which wi l l  dispense wi th the need to quanti tat ively 
transfer digest to 50 cm3 volumetric flasks and from volumetric flasks to vials for reading by AA, is 

being i nvestigated .  This change will reduce labour requi rements (by c. 40%) and eliminate error 

associated with transfer of digest. 
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Problems with foaming and loss of material during digestion occurred when the faeces of sheep on 

legume-dominant diets ( > 90% daily intake) were analysed. Completing the second stage of the assay 

at 140 °C ( ra ther  than  > 190 °C) reduces foam ing, but l ower tem peratures may affect the level of 

chromium recovery ( see p .  37) .  The rela tive chromium concen trat ion in pool samples assayed under 

the two tempera tu re regimens will indicate the extent to which reduced chromium recovery may have 

occurred . Alternatively, the addit ion of an an ti-foaming agen t (e.g. that used for cont rol of bloat i n  

cattle ) may be a ppropriate. 

Wil l iams et al. ( 1 962) reported that the endpoint  of d igestion could be detected by a change in the 

colou r of the solut ion to deep purple and the cessa t ion of effervescence. The colour indicator was 

unre l iable for faeces from a n i mals  consuming some types of feed. In  the case of pasture hay, for 

exam ple, a clea r-yellow solut ion at  the end of digest ion was sometimes obta ined, hut this did not have 

an a ppa ren t effect on AA read ings.  The inconsis ten cy of the co lour  change indicator may cause 

difficulties where chromium in solution is  to be determined by colourimete ry. 

Further  research i s  necessa ry to  define m in imum t imes and tem pera t u res for each stage of t he  

digestion (cu rren tly c .  20  m inutes for  heating to 140°C after t he  addi t ion of  the acid mix and  c .  50 

minutes for heat ing to > 190°C after  add i t ion of potass ium broma te ) .  Wi l l iams et a l .  ( 1 962 ) ,  in 

contrast to Le Du and Penn i ng ( 1 982) and Costigan and Ellis ( 1987 ) ,  did not specify digestion times 

but reported a lmost complete recovery of spiked Cr20 3 in faecal material when both d igest reagen ts 

were added together .  I mproved defin i tion of this aspect of the assay m ay reduce the number  of steps 

involved and the time required taken to complete d igest ion .  

APPLICATIO N  OF CRC TO THE M EA S U REMENT OF H ERBA G E  I NTAKE BY EWES 

The application of CRC to herbage i n take studies of ewes of differen t rearing status proved to be 

straight-forwa rd once the a ppropriate sam pling regimens  for CRC had been defined. The initial 

absence of this information was reflected in the incomplete resul ts  obtained for the pilot study of feed 

intake by ewes during pregnancy and lactation ( i .e. Chapter Ten) .  

The major finding of  the  compa rison of  single- and twin - rearing ewes during lactation was that 

intakes were maximised for both groups at  a sward height of about 5 c m  ( 1000 to 1200 kg DM/ha) on 

mixed ryegrass, browntop and white c lover sheep pastures. The practical implications of for farmers 

have a lready been discussed (see p.182) and need not be repeated here. There was a strong indication, 
from the patterns of change in ewe l iveweight and condition score, that the relatively small effect of 

the low (2.5 to 3.5 cm) sward height on lamb production was due to the ewes utilising body reserves. 
Interactions  between ewe condition (l iveweight )  at lambing and subsequent effects of nutri tion on 

lam b, m i l k  a n d  wool  produc t ion  h a ve been reported i n  a n um ber  of studies (e.g.  Coop 1950; 
Papadopoulos and Robinson 1957; Peart 1968; Maxwell et al .  1979; Smeaton et al. 1985; Geenty and 
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Sykes 1986) . However, none of these studies provided ewe feed in take da ta for a range of swards 

heigh ts during both late pregnancy and lacta tion. A follow-up study using s ingle- and twin -bea ri ng 

ewes  w i t h  low or m ed iu m body condi t ion ( i . e .  CS 1 .5 and 3.0)  from 4 to  6 weeks  p re -partum is  

recom m en d ed . The max i m u m  sw a rd height  should be 6 .0 cm ,  s ince intakes an: a ppa rent ly not  

increased on swa rds  exceeding this he ight  when ewes a rc con tinu ously grazed (Hodgson e t  a l .  1986; 

experimen t  13) .  A very low ( 1 .5 to  2.0 cm) sward height could be included during the lacta t ion period 

because ewe i n takes were not sign ificant ly constrained at a sward he ight of c .  3.0 cm in exper imen t 13 .  

Est i ma tes of herbage intake should be  supplemented with measurement  of the  t i me spent grazing, 

rest ing and rum inat ing a t  each swa rd h e igh t  (e.g. Penning et al . 1986) .  Defi n ing grazing behaviou r in 

this manner  wil l  hdp to  q uan t ify ma in tenance requ i remen ts for ewes a t  the d ifferent sward he ights.  

The above t rial  would ena ble the rela tive in takes  of s ingle- and  twin - bearing ewes a t  d iffcn.:nt body 

condi t i ons  d u r i ng l a t e  p regna ncy to he assessed . Except  f o r  t he  i n d oor feed ing expe r i m e n t s  by 

Hadjipicris and H olmcs { 1966) and Fool and  Russel { 1979),  and a model l ing study by Forhes ( 1977) ,  

l iulc informat ion a ppears to  have been publ ished o n  th is  a spect of ewe nu t r i t ion d u ring pregnancy . 

The resu l t s from the  p i l o t  s tudy  ( ex p e r i m e n t  12)  i n d ica te  tha t  twin -bea ring ewes a rc l ike ly to he 
disadvuntagcd w h en grazed with s i ng le - hearing ewes d ur ing la te  pregnancy. If i n takes of mul t i ple

bearing ewes a rc constra ined by foeta l  developmen t reducing rumen volume, d ifferent ia l  mange men t  

to provide these ewes with highly d igestible pas tu re or a h igh energy supplement (e.g. Earlc and Male  

1988) may he worthwhi le .  

MODELLING A LTERNATIVE S H EEP PROD U CT I O N  S YSTEMS 

Less a t ten t ion was given to m ode l l ing stud ies because the feed in take and product ion da ta obt� incd 

from experimen t 13 suggested that farmers would gain l i ttle benefit  from separate grazing of single 

and twin-rearing ewes during lactat ion .  In addition, results from both experimen t 12 and expe riment 

13 i nd icated that further i nforma t i on  describing the in teractions between ewe pregnancy/rearing 

status ,  feed supply and body cond i t ion was req u ired to develop an effective grazing m anagement  

model for the ewe from la te pregnancy until weaning. However, a model currently being developed 

for analysing al terna tive wool production systems (Gray 1990) would be suitable for eva lua t ing the 

effects of part i t ioning pastu re between ewes of d ifferent  production status .  The wool p roduct ion 

model wil l  incorpora te data from fie ld studies us ing CRC management procedures reported in this 

thesis to determine feed intakes of shorn and unshorn ewes at  different stages of production (W.J . 
Parker, S .T. Morris, D.l .  Gray and S.N.  McCutcheon, unpublished data) .  Providing the model with 

feed intake data enables ewe l iveweight change, lamb growth rates and wool production (lamb and 

ewe) to be simulated for ewes of different pregnancy and rearing status. From this information the 

relative profitabil ity of a l ternative grazing systems can be derived us ing an a ttached gross margin 

lllodel. 
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CONCLUSIONS 

Con t rol led re lease capsu les ,  w h i c h  provide for the cont in u ou s  and un iform del ivery of the 

indigestible marker Cr2o3 into rumen, are well  suited to the estimation of mean intake by groups of 

an ima l s .  Costs  for materi a l s  and l a bour  are l ower w i th CR C techn ol ogy than with twice-daily 

drenching of ch romic  oxide gelatin capsules or Cr2 03- impregna ted paper ( Corbett et  a l .  1960) .  

Alternat ive indirect faecal  markers, such a s  n -alkanes (Mayes et al .  1986) and ytterbium chloride 

(Prigge et al. 1981 ) ,  either have higher material costs or require more expensive laboratory ana lysis 

than Crz03. Compared to Cr2o3 , natural faecal markers such as acid insoluble ash (Van Keulen and 

Young 1977)  generally do n ot y ie ld better estimates of feed intake and are difficul t  to accurately 

measure in the feed consumed ( Meijs 198 1 ) .  The advantages of a single CRC application providing a 

sampling period of up to 18  days and low d iurnal variation of Crz03 in the faeces will enhance the use 

of Cr2 03 for est ima tion of feed in take .  This  wi l l  result in  a substan t ia l  i m provement to curren t 

knowledge of feed intake by ruminants a t  pastu re . 

A number of factors, pa rticula rly variat ion in capsule release rates and in the animal 's own abil ity to 

select or digest i ts  d iet, resu l t  in substantial  errors when attempts a re made to estimate individual 

intakes .  In prac t ice ,  h owever ,  l ivestock at pasture a re usua l ly m anaged as g roups wi th  pasture 

allocated to stock classes according to  their  relative feed requi rements and likely financial returns. In 

this context chromic oxide CRC have the potential to significan tly improve current knowledge of the 

rela t ionsh ips  between pas ture  a l l owance ,  a n i m a l  i n takes  a n d  p roduc t ion ,  part icularly under 

contin uous grazing conditions. For example, the in takes measured for the single- and twin-rearing 

ewes grazed at different pasture heights indicated tha t  the rela tio!lship between intake and pasture 

height (mass) was non-linear with an  inflexion poin t a t  5 to 6 cm ,  confirming the findings of earlier 

British studies (B ircham 198 1 ;  Milne et al. 1981 ) .  In contrast, G ibb and Treacher ( 1978) and Rattray 

et a l .  ( 1982b) have reported l inear and curvil inear rela t ionships between herbage allowance and 

intake by lacta t ing ewes tha t have been shifted to  fresh pas ture every 1 to  3 days. The sward 

condit ions tha t  result in op t imum sheep performance under rota t iona l  and con t inuou s  g razing 

management, during lactation and other periods of the year, will be able to be defined more easily 

using CRC technology in conjunction with grazing behaviour studies. This information is important 

for farmers who are currently dependent on feed requirement tables that have been derived mainly 
from feed intake measurements made indoors or by the pasture difference technique.  I n  the next 

decade it ca n be expected t h a t  C R C  wil l  make  an im por ta n t  ·con t ribu t ion  t o  u pd a t ing  feed 

requirement tables to account for  different grazing management  systems and to  the development of 

feeding standards for classes of livestock (e.g. deer) where very litt le feed intake data is available  a t  

present .  
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A P P E N D I C E S 
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APPENDIX I 

SPLIT -PLOT ANALYSIS : AN EXAMPLE 

A number of experiments reported in this thesis required the analysis of data in which several 

measu remen t s  had been made  on the same va r ia ble t h rough t ime (e .g .  faecal output  of 

individual animals over several days, sequential measurements of CRC plunger travel) .  In  some 

cases the data could have been analysed separately for each time interval but this would have 

provided no tests of the change of t reatment effects with time ( Rowell and Wai ters 1976) . The 

effects of t ime (or several measurements on the same variable at one t ime) can be considered 

by repeated measures analyses or by split-plot analysis (G il l  and Hafs 197 1 ;  Rowell and Waiters 

1976; Gi l l  1988). Mul tivariate repeated measu res analysis is restricted where there a re more 

repea ted sam ples taken on animals  than there were animals to begin with 1 (Cole and G rizzle 

1 966) and may int roduce interpretat ional d ifficulties relative to the spl i t-plot approach (Rowell 

and Waiters 1976) .  The split-plot method was best suited to the experimental designs adopted 

in this research programme.  The following example for the analysis of plunger travel, measured 

7 t imes (c )  for  15 CRC, f i t ted in groups of 3 ( b) with in 5 rumen-fistulated wethers (a)  ( i .e. 

experiment 1), demonstrates the general form of the split-plot models adopted. 

M odel  df  

Total abc 

Mean 

Sheep(s) a - 1  

CRC b- 1 

CRC x sheep (b- 1 ) (a - 1 )  

Time ( t) (c -1 )  

Time x sheep ( c - 1 ) (a - 1 )  

Time x CRC (c- 1 ) (b- 1 )  

Time x CRC x sheep (c- 1) (b- 1 ) (a - l) 

n 

105 

1 

4 

2 

8 

6 

24 

12 

48 

Expected M ea n  Squaref 

Ye + 3Vt x s + 7YcRC x s + 21Vs 
Ye + 5VcRc x t + 7VcRc x s + 35VcRc 
V e + 7VcRC x s 
V e + 5VcRC x t + 3Yr x s + O(t )  

Ve + 3Yt x s  
Ve + 5VcRc x t 
Ye 

f Variance components a re designated as follows: V e = variance (error) ; V t x s = variance ( time 

( sh e e p ) ) ;  V C R C  x s = va r i a n c e  ( CR C ( sh e e p ) ) ; V  C R C  x t = va r i a nce ( C R C  x t i m e ) ;  

O( t) = variance time as  a quadratic function. 

1This problem was encountered in the analysis of faecal output data for experiment 5 ( Chapter 

Five) .  To complete the analysis the observations were broken d own into meaningful sub-series · 
of repeated measurements ( McClelland 1986). 



1 9 6  

F-tests :  

1 .  Differences in CRC between sheep = CRC 

Sheep x CRC 

2.  Diffe rences in CRC plunger t ravel wi th t ime between sheep = Time x CRC 

Time x CRC x sheep 

3. Diffe rences in  plunger t ravel wi th t ime between CRC wi thin the same sheep 

= Time x sheep 

Time x CRC x sheep 

The effect of time could be fit ted in the model as a polynomial of the six th order to go through 

seven points .  Parti t ion ing t ime (6  df) into l inear ( 1  df) ,  quadra tic ( 1  df) and "lack of quadra t ic 

fi t "  (4 df) com ponen ts  enabled the na ture of plunger t ravel w i th t ime to be tested. Thus the 

l inear term tested the average rate of plunger t ravel, the quadratic term tested for changes in 

the rate of plu nger t ravel (e .g .  rate d imin ish ing or increa sing) and the "lack of quadratic fit" 

tested whether there were other causes for plunger movement to deviate from normal quadratic 

t ravel. 



1 9 7  

APPENDIX 1 1  

THE MEASUREMENT OF INTRARUMINAL CRC PLUNGER 

TRAVEL BY REALTIME ULTRASOUND SCANNING 

BACKG R O U N D  

A critical facror in the applica tion of chromium CRC i n  outdoor herbage in take experiments is 

the accura te determina t i on of da ily chromium release rates. lf fistu lated animals are used, 

CRC can be recovered from the rumen at regular in tervals and plunger d isplacement measured. 

H owever ,  f i s t u l a t e d  s h e e p  a re expens ive  to prepare  a n d  m a i n t a i n ,  a n d  may n o t  be 

represen tative of an in tact  animal .  In intact animals plunger travel can be estimated either by 

serial  s laugh ter or by es t imat ing the  t ime of matr ix expirat ion through changes in  faecal 

chromium concentrat ion ( El l is  et a l .  1988) .  

Serial slaughter is  practical if animals have a low commercial value and adequate processing 

facili ties are available but any measurements on these animals are restricted to those which can 

be obtained prior to slaughter. An a l ternative is to graze additional animals for slaughter with 

the t reatment animals .  

Rectum grab sampling to  monitor changes in faecal chromium concentration near the expected 

date of matrix expira tion can provide estima tes of the endpoint of chromium delivery to within 

about 0.5 days of actual  expi ra t ion ( Eil is  et a l .  1988) . H owever, rectum sampling requires a 

high labour input, creates significan t  animal disturbance and has relatively high laboratory costs 

if large numbers of an imals are involved in the trial. In addition 100% sampling of animals a t  

each collection i s  often n ot achieved . A less in tensive approach using this method, b u t  only 

providing group mean plunger travel, would be to obtain sward samples f rom ring sites twice 

daily over the final 4 to 5 days of the expected CRC release phase . 

Other possibil i t ies for the indirect measurement of plunger travel are X-ray fluoroscopy and 

realtime ultrasound scanning. Both methods are non-destructive and allow repeated measures 

on the same an imal  (Wi l k in s  et a l .  1984 ) .  X - ray fluoroscopy has been used to monitor the 

m ovement  of rad ioa c t ively l abel led CRC th rough the oesophagus af ter  d renching and  

subsequen t ly  a round  the  r u m e n  a n d  re t i cu lum by  El l i s  and  Tayl or ( 1987 ) .  The clea r 

radiographs obtained and the ability to  freeze fra mes of the CRC on a connected video monitor 

indicated that plunger t ravel could be measured by this means providing a radioactively labelled · 

spacer was placed a t  the end of the Cr203 matrix. However, because X-ray equipment is 

u su a ll y  s t a t i on a ry ( por tab le  mach ines  developed for  pregnancy diagnosis in sheep are 
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exceptions ( Rizzoli e t  a l .  1 976; Beach 1984) ,  expensive t o  operate and pose a health danger, i t  

could no t  be  used routinely for  grazing trials involving CRC. 

In contrast, realt ime ultrasound scanners a re portable, safe and inexpensive to operate. They 

a re being used more widely for pregnancy diagnosis of animals, as well as  for other veterinary 

diagnostic purposes (e.g. Carter 1986) .  Ultrasound may therefore provide a simple and quick 

means of measu ring CRC plunger displacement in individual sheep under field condi tions. An 

invest igat ion of ul t ra sound scanning for that purpose is reported in this Appendix.  

MATERIALS A N D M ETH O D  

Captec chrom ium CRC ( 65% Cr2o3 ma tr ix ,  3 .0cm core, 9.00 m m  orifice) were modified to  

improve ul trasound detection in the rumen by including a steel washer to mark the  end of the 

Cr203 matrix and by wiring a steel rod (2.5 mm diameter) to the barrel .  The latter provided a 

fixed rcf crence aga inst which the relative position of the washer could be measured. 

Single CRC, wi th a nylon s tr ing a ttached to faci l i tate recovery, were placed inside a plastic 

container of water or inside the rumen of a fistula ted sheep freshly removed from grazing a t  

pasture. Wool a round the fistula and down to the  belly was  clipped within 3 to 4 mm with a n  

electric handpiece. 

A real t ime body scanner (Shimadzu, Japan) with a 3.5 MHz external probe was used to scan for 

the CRC. The t ransducer and the sheep's skin were coated with soya bean oil  t o  provide a 

con tact  mediu m ( Ca rter  1 986 ) .  Scanning took place wh ile the sheep was restrained in a 

standing posit ion . 

RESU LTS A N D  D I S C U S S I O N  

A clear outline of the CRC suspended i n  water was obtai ned when the CRC was placed within 

10 cm of t he  s ide of t h e  c o n t a i ne r  wa l l .  At a h igh resolu t ion (2 to 14 cm sound wave 

penetration) only about 40% of the CRC could be viewed but  with a horizontal orientation the 

reference steel rod and the internal washer could be detected. At a low resolution (0  to  20 cm 

sound wave penetra tion) al l  of the CRC could be seen and only the steel rod could be identified. 

No  image of the CRC placed i n  the rumen could be developed, despite the CRC being held 

against the rumen wall adjacent to  the scanner probe. The relatively dense and fibrous nature 

of the rumen contents ( pa stu re and soi l)  a pparently reflected the sound waves to  a similar 

degree a s  the CRC. 
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When ultrasound i s  used for pregnancy diagnosis the sound waves penetrate the ewe's body and 

pass through the embryonic fluid unt il new layers of tissue ( the foetus) are contacted. Sound 

waves reflected off the foetus  generate a dist inc.tive picture on the scanner's video monitor 

(Beach 1984) .  The accuracy of pregnancy d iagnosis is improved if the ewe has a low gutfill and 

an empty bladder ·because this makes the position of the u terus more distinctive. Detection of 

CRC in the rumen of sheep might therefore be improved during the spring when pasture has a 

low dry ma tter content a nd less f ibre, and when animals have been removed from pasture 24 

hours prior to scanning. For many experiments both of these options are impractical. 

CONCL U S I O N  

The real t ime ultrasound technology used in  this trial did not provide a means of measuring the 

p lunger  d i s p lace men t  of i n t r a r u m i n a l  CRC in sheep grazing pasture because the rumen 

contents reflected a high proportion of sound waves . Even if rumen fill was very low in d ry 

matter content  detect i on would be l im ited to th ose CRC wh ich were w ithin 10  cm of the 

transducer. A proportion of CRC w ould therefore not  be seen in adult sheep (50 to 70 kg 

liveweight )  because the rumen may be up to 25 cm wide when fully distended with herbage. In 

addit ion CRC a re large in comparison to a 40 to 70 day old lamb foetus and an  image of the 

entire CRC can only be obtained on-screen if the maximum scanning field with an associated 

low resolution is used. More powerful u ltrasound scanners may provide greater penetra tion of 

sound waves into the rumen but  wil l  n ot overcome the problem of reflectance by the rumen 

contents. 
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APPENDIX Ill 

HERBAGE INTAKES OF EWES AT FLUSHING 

AND DURING THE FIRST TRIMESTER OF PREGNANCY 

INTRO D U CT I O N  

The normal prac tice o n  New Zealand sheep farms i s  t o  increase ewe feed allowances during a 

3-6 week period pr ior  to  and du ring ma ting to obtain a fl ushing response in ovulation rate 

(Smith et a l .  1983) .  These a bove-ma in tenance (M)  feeding levels a re commonly continued 

through un til the end of mating (typically 51 days) , when allowances a re progressively reduced 

over a 7 to 10 day period to 0.8 to 1 .0  M ( Pa rker I984a) .  However, if farm pasture cover is low 

the farmer may conserve additional pasture for winter hy progressively removing ewes crayon

marked as being ma ted from the flock at 8 to 10 day intervals and assigning these ewes to a 

lower feeding regimen . Thus to  effectively manage their flock during this important period, 

farmers need to understand the  rela tionsh ip between the a mount of herbage offered and 

herbage intake of ewes. This  a ppendix reports on an experiment where the herbage intakes of 

ewes f i t ted with chromium CRC, and grazed under different pasture conditions during flushing 

-and ea rly pregnancy, were estimated1 . 

MATERIALS A N D  M ET H O DS 

Twenty ewes, aged eighteen months and 10 mixed aged (MA)) ,  from a larger flock of 235 first 

cross Border Leicester-Romney ewes involved in a mat ing management trial (Walsh 1989), 

were d renched with a single commerical sheep chromium CRC on March 16, 1988. All ewes had 

p reviously  been f i t ted w i t h  con t ro l led in terna l  d rug releasers ( C I DR's , Type G, A H I ,  

Hamilton) containing progeste rone six days previously (d 0 ) .  Faecal collection (per rectum) 

commenced on d 2 1  and con tinued at 1000 h daily for the ensuing 5 days (period 1 ) .  This first 

faecal collection period was u sed to determine the herbage intakes of ewes during flushing and 

the f irst  week of ma t ing .  Ra m s  were in troduced at a ratio of 1 : 13 for a 3 day synchronised 

ma ting f rom d 13 .  

1Th i s  experi m e n t  w a s  c o n d uc ted  i n  c onjunc t i on w i th a masterate study and is  m ore 

comprehensively reported by Walsh ( 1989) . 
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On day 2 post-mat ing ( d 1 7 )  the f lock, including the "chromium" ewes, was divided into two 

equa l  s ized groups (ba lanced for  age)  and  in troduced ei ther to ad  l ibitum (c .  1 .8 M )  or 

restricted (c. 1 .0 M) feeding allowances. A second 6 day period of faecal collections from the 

two groups of ewes with chromium CRC (period 2 )  commenced 7 days after allocation to these 

different herbage allowances (i.e. d 23 to d 28) . To coincide with measurement of reproductive 

parameters, rectum grab samples were obtained a t  0900 h or 1400 h during this collection 

period. 

Ewes were rotationally grazed throughout the experiment with the frequency of shifts being 

determined by residual grazing height. This was 4.0 cm during period 1, and 3.5 and 6.1 cm for 

the low and high pasture allowance groups respectively during period 2. Pasture height was 

measured by taking 50 Ellinbank Pasture Meter ( EPM; Earle and McGowan 1979) readings 

every 3 days in paddocks grazed by the ewes. Pasture height was calibrated with pasture mass 

by taking 0.18 m2 quadrat cuts from each paddock (total cuts = 80) at the com mencement of 

each intake period . Separate herbage samples were randomly collected across each of the 

swards by hand-plucking to determine their botanical composition. 

The in vitro digestibility of herbage was estimated from hand-plucked samples collected from 

the sward on each day of rectum grab sampling for each grazing treatment. Hand selection of 

herbage was based on observations of ewe grazing behaviour. The hand-plucked samples were 

sealed in p lastic bags and  immediately stored in crushed ice .  The frozen samples for each 

treatment were subsequently freeze dried, ground through a 1 .00 mm sieve and composited on 

an equal dry weight basis ( 1  g ground herbage/d) for in vitro digestibility determination using 

the a ssay of Roughan and  Hol land ( 1977) .  Sam ples were a ssayed in dupl icat e  against 6 

standards of known in vivo d igestibility (collected from wether sheep fed indoors) covering the 

expected range of digestibili ty.  

Ewe liveweights off pasture were recorded on days 0, 17, 2 1  and 28. 

For both faecal collection periods, rectum grab sam ples ( typically 0.5 to 3.0 g DM/ewe/d) were 

bulked intact on an equal dry weight basis per day (0.5 gjewe/d) for i ndividual sheep within 

periods for chromium analysis using the method described in Chapter Two. Herbage intakes 

were calculated as detailed in  Chap ter Three. 

Group mean faecal output and feed intake were compared wi thin periods by Student's t-test 

(SPSSX 1983) . 
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RES ULTS A N D  DISCUSSION 

Sward conditions and  feed quality during the two intake periods are summarised i n  Table I I I . l .  

Table l l 1 . 1  Characteristics of pasture swards grazed by ewes during flushing (period 1 )  and 

early pregnancy (period 2).  

Pastu re Parameter 

Average pasture residual  ( k g  D M /ha) 

Average pasture he ight (cm)  

Pasture composit ion ('1(· D \1) 

G rasses 

Clover 

Weeds 

Dead 

I n  v itro D igesti b i l i ty (%) 

Dry matter ( D M D )  

Organic  matter ( O M D )  

D-value ( D O M D )  

Period 1 
Both 

groups 

2543 

5.8 

(3.5-7.5)a 

72.7 

2.4 

0.8 

24.2 

67.35 

72.94 

63.01 

a Range in average height of pastures grazed during each period. 

Period 2 

Group 1 Group 2 

(Low) (High)  

144 1 2695 

3.5 6 . 1  

(3.0-4.0) (5.0-6.5 ) 

67.8 76.6 

0.6 3.8 

0.6 1 .0 

3 1 .0 18 .7 

59.43 72.97 

66.83 76.88 

5 7.25 66.91  

Predicted faecal output and organic matter intakes (OMI) of ewes are presented in Table l l l  

Feed intakes were s imilar during flu sh ing/mating (period 1 )  when both groups of ewes were 

grazed together, but increased significantly ( P  < 0.01) in the high al lowance group during period 

2 to 1.67 kg DM/ewe/day. This is equivalent to 1.7 times the maintenance requirement of a 55 

kg ewe (Rattray 1986) . At this level of intake and herbage DOMD, liveweight gains of around 

100 g/d could be expected. 

In terestingly,predicted faecal  output  was h igher in the low allowance ewes during period 2. 

This can be a tt r ibu ted  to the c o m bined effects  of the lower digestibility of the herbage 

consumed (P < 0.01; Table 111.1) and the increased ingestion of soil ( reflected by a 4.93% higher 

faecal ash con tent of the l ow allowance ewes) . Despite the high dead matter content of the. 

herbage offered to these ewes (Table 111.1 ) ,  their daily mean intake of 1 .27 kg DM/d and the 

DOMD of the herbage means tha t energy intakes would have been sufficient to maintain 
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liveweight .  

Ta ble l ll .2 : Ewe l iveweight, predicted faecal output and voluntary herbage intakes ( mean ± 

sem)  of ewes during flush ing ( period 1 )  and early pregnancy ( period 2).  

Period 1 (P1 ) Period 2 (P 2 )  

Group 1 Group 2 Group 1 GroUp 2 

He�bage a l lowance Ked-Low Med-Lcw Low-Ked High 

EVe l i veweigh� ( kg )  58 . 96± 1 . 72 57 . 9 3 ± 2 .  24 56 . 08t l . 39 5 8 . 3 2± 2 . 3 0  NS 
Faecal chromium ( ppm} 6. 71�0 - 31 E . 70!_0 . 2? 5 . 39::0 . 20 6 . 25�0 . 24 NS 
Faecal Ash ( \ 01!) 1 9 . 76�0 . 0 1 22 . 8 1�0 . 0 1  1 7 . 87::0 . 01 NS 
Faeces output 

(g OH/d) 396�18 395::17 489�17 U3�17 NS 
(g CM/d) 316::12 n•::12 375::l6 346�15 NS 

OOMI (g OH/d) 1 1 6 8!.48 1 1 63!,44 1 1 3 1�45 1 500�63 NS 
(g OH/kg ( 0 . 7 5 )  54 . 9!_1 . 4  55 . 8 �2 . 6  54 . 9�1 . 6  70- 2:t2 . 5 NS 

DMI (kg DH/d ) l .  30±0 . os l .  29t0 . o s  1 . 25±0 . 0 5  1 . 66±0 . 7 NS 
Enerqy intake 

1 3 . 3 5  l J .  25 1 1 .66 1 8 . 1 0  

Mai nt. 1 ntalte 

1 . 2  1 . 2  1 . 0 

asignificance of Student ' s  t- test between groups. 
bEnergy intake = ( D O M D  x 16.3 x D M I) ;  ( D O M D  values are from Table 1 ) .  
CM a i n t .  i n t a ke = energy in t ake  a s  a p roponion of  da i l y  ma in t enance requirements ( 1 1  
MJME/ewefd) .  

These apparent mean daily in takes indicate that the experimental objective of feeding ewes a t  

1 .0 M and  1 .8 M in  the  post-mating period was  almost achieved. I t  i s  no t  possible to accurately 

verify changes in liveweight  because measu rement periods were relatively short ( 10  d) , and 

ewes were always weighed f resh off pasture a t  intervals which did not correspond exactly with 

those of the feed intake periods. D ifferences in l iveweight are therefore likely to have largely 

reflected changes in gutfill, which could have been as high as 1 1% of the total liveweight in the 

high allowance ewes, rather than changes in the weight of body tissue. 

Njs 
+ 
r 

.� 
N� 

* * t 

· ·� 

· ·t 



2 0 4  

C O N C L U S I O N S  

The results of this experiment indica te that, relative t o  published estimates, chromium released 

from C RC can provide acceptable estimates of herbage intakes by ewes at pasture . However, 

the combined effects of gutfill and the short periods of study meant that changes in liveweight 

could not be reconciled with the predicted pattern of intake. Col lect ion of fasted l iveweights 

poses a practical difficulty because animal performance and faecal chromium concentra tions 

are compromised by removing an imals from pasture. 

The ewe in take da ta and subsequent lambing resu lts  for these ewes (Walsh 1979) show that 

farmers  could reduce he rbage a l lowances for ewes soon after the introduction of rams,  if 

pasture is in short supply, without compromising lambing performance. Even if pasture heights 

a re ma inta ined at to 2.5 to 3.0 cm (500 to 600 kg green DM/ha) under set stocking, ewes will be 

able to consume sufficient herbage to meet maintenance requirements. 
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APPENDIX I V  

E X P E R I M ENTA L  P R O CED U R ES 

WOO L MEA S U REMENT M ETH O DS 

Greasy and  Clean Midside S a m pl e  Weights 

Midside sa m ples were condi t ioned for a t  least  48 h ours in  a humid ity room a t  20°C and 65% relat ive 

humid ity ( R H ) ,  then weighed greasy .  For scouring, sam ples were placed in  individually labelled terylene 

mesh bags and submerged sequen t ial ly in  four bowls of inorgan ic solvents (Table IV . 1 ) .  Samples were 

placed in each solven t  for 3 minutes .  Squeeze rollers removed excessive l iquid between bowl t ransfers. 

After  the final howl,  the wool was spun d ry and d ried further in a forced draught a t  82°C before being 

returned to  the cond i t ion ing room for 48 h ou rs .  The c lean  w eight was then recorded and y ield ( %) 

expressed as the rat io of clean to  greasy weights .  

Table l V . 1  I norgan ic solvents used in  wool scour ing process (after Elgabbas 1986) . 

Bowl Tem p  ( 0C)  Detergent ( ml )a Na2 co3 (g) Na HC039 (g) pH 

1 55 8 5 1  9.5 
2 5 1  23 227 8.2 
3 46 1 9  8 . 1  
4 cold nose 7 .6 

3A technical grade of n onyl phenol condensed wi th ethylen e oxide.  

Colour  

Wool co lour  was measured on two 3 g su b-sam ples taken from each  c lean  a nd carded sample using a 

Hunterlab D 25 D2M Color imeter. Red (X), green (Y) and blue (Z) reflectances were measured. Each 

sub-sample was measured on two faces and  the  average of four readings was recorded for each value. Y 

Z values, indicat ing the degree of yel low discolouration, were also calculated. 

Ten sile Strength 

Staple sa mples from the greasy con tralateral mid-side sample were conditioned in a controlled humidity 

room a t  20 °C and 65% RH for a t  least  24 hours.  They were then tested on a "Hounsfield Tensometer" 

(Ross 1960) .  After  weighing, the staple butt was securely clamped in a stationary set of jaws to 1 .0 cm 
and a test length of 7-8 cm (placing the wool grown over the experimental period approximately in the 

centre) was m�asured t o  a set of movable jaw clamps. Tension was a pplied by means of a band-wound 

Worm thread un til the staple length began to sever. The load a t  which the break began to occur was 

noted .  The fibres between the jaws were then cut free and weighed to the nearest mg. This was 
converted to a clean weight by multiplying the greasy weight by the percentage clean yield recorded on a 
sub-sample of wool from the same mid-side area. Five staples for each ewe were tested in this manner. 
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Tensile strength was expressed, on a clean wool weight basis, a s  the mean k g  force per gra m  per m of 

length ( N/ktex). using the fol lowing relat ionships: 

N I ktex = kg/g x (9.80665/ I) 
where 1 N = 9.80665 kg 

1 k tex = 1 g of fibre, 1 m in length 

I = ( 100 cm /length of test sta pie (cm)) 

Thus if I = 8.0 cm, there are 12.5 ktexjg of fibre. 

BOTAN I CA L  COMPOSITION OF DIET SAM PLES COLLECTED FROM 

OESOPHAGEA L  FISTU LATES 

The poin t -a nalysis procedure used for  determining botan ica l com posi t i on of oesophageal f ist u la te  

extrusa samples was as  follows (after Clarke and  Hodgson 1986) .  

1 .  Ex trusa sam ple (frozen or fresh) was rinsed with tap water through a f ine s ieve to remove 

saliva and ch lorophyl l colouration. The small amount  of sample lost du.ring rinsing would be 

unidentif iable. 

2. A 3-5 g sample was placed onto a white dissecting t ray with a marked grid of 100 points (10 cm 

x 10 cm). Sufficient water to float the sample evenly across the t ray was added . 

3. Material at each point intersect was identified and a count for botanical components recorded. 

If ma terial was layered the "first hit "" ma terial was counted. 

4. Botanical composition of diet was expressed as the proportion (%)  of components by count .  

To convert to a quanti tat ive weight  va lue the area and the relat ionship between area and mass would also 

need to be determined . The technique is most accurate where the proportion of inflorescent and dead 

material is low. 

ESTIMATIO N  OF CHRO M I U M  R ELEASE RATE, CHAPTER ELEVEN 

Two sources of data were available to estimate the average daily rate of chromium release from CRC in 

experiment 13 (Chapter Eleven).  The first was from serial slaughter measurements of plunger travel in 

CRC (from the same manufacturing batch),  administered to ewes continuously grazed a t  three pasture 

heights on swards adjacen t to  the tr ial  area ( see Chapter Eight for full details) and the second from the 

pattern of chromium disappearance in faecal samples collected from ring sites on each of the swards over 

the expected end point of CRC l ife ( d 25 to d 33 after administration (Table IV .2). The end point day was 

in terpreted as being the  f inal  day at which chromium remained at  a concentration similar to those 

recorded on days 20-25. Since the ewes were on a uniform herbage allowance, steady diminishment or a 

sudden fluctuation in chromium levels were most likely to be attributable to the expiration of the CRC 

matrix . Previous trials involving recovery of CRC by serial slaughter or from rumen-fistulated wethers 
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(e.g. Chapter Six ) indica ted that linearity of chromiu m  release was maintained until 3.0 t o  4 .0 m m  ( i .e .  

part  of the fifth and f inal  tablet ) of the original 30 mm of ma trix remained. Thus, the endpoin t occurred 

after del ivery of 26 to 27 mm of Cr2o3 matrix. and the average ra te of release could be calculated as 

being approxima tely equal to 26.5/n (where n = number  of days after CRC insertion endpoint occurred ) .  

The rate of chromium release would be marginally higher than this value because steady state levels of/ 
release are not a t ta ined until approximately 3 d  after the ini t iat ion of the extrusion process. 

Table  IV .2 Est ima ted end points of linear release of Cr203, average rates of plunger travel and 
associated daily outputs of Cr for CRC administered on L 10 (CRC 1 )  and L 45 (CRC 2) .  Corresponding 
data obtained by serial slaughter in experiment 9 ( Chapter Eight )  are also shown.  

Capsule Residual  Est ima ted Plunger 
h erbage height  e n d  po in t  travel 

(cm)  (d)  (mm/d)  

CRC 1 2.4 - 2.7 28 - 29 0.93 a 

4.0 - 4.7 28 - 29 0.93 

5.8 - 6.7 27 - 28 0.96 

6.7 - 7.8 27 - 28 0 .96 

8.3 - 9.7 26 1 .02 

CRC 2  2.1 - 2:7 28 0.95 

3.7 - 4.4 26 - 27 1.00 

4 .7 - 6.0 26 - 27 1 .00 

5.9 - 6.6 26 - 27 1 .00 

6.0 - 8.0 26 1 .02 

Expt 9 1 .6 - 2.6 0.95 b 

3.5 - 4 .6 0.98 

> 5.5 0.99 

a Rate of travel required to extrude 26.5 mm of matrix by estimated endpoin t .  
b Estimated by l inear regression for d 4-24. 

Chromium 
release 
(mg Cr/d) 

1�.., �� 

132 

137 

137 

145 

135 

1 42 

142 

142 

145 

136 

139 

142 

The endpoint  d a ta provide conf irmat ion that  average chromium release rates were similar to thosr 
recorded by serial slaughter in experiment 9 .  The 4 %  difference between the h ighest and lowest rate or 

release in experiment 9 ( 142 vs 136 mg Cr/d) was significant ( P < 0.05) and, although the endpoint data 

suggest that the same t rend in release rate and herbage allowance occurred in experiment 13, there is 

insufficient evidence to indicate that differential rates of chromium release should be applied to derive 

herbage intakes. Furthermore the lowest pasture height in experiment 13 was considerably less severe 

than that of experiment 9. A single rate of 139 mg Cr/d was therefore a pplied a cross treatments. The 
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effect of a pplying different ia l  ra tes on the derivation of intakes is shown i n  an example calculation in 

Ta ble IV .3. This ind ica tes  ceter is para bus the  same percen tage d ifferences in release rate a re 

main tained through to the estimate of DMI .  

Table IV .3 Deriva t ion of  herbage intakes for a sheep faeces sample with 0.25 mg Cr/g DM,  
and assuming d ifferent rates of CRC chromium release, an  OMD of 80% and plant 
ash content of 159(;.  

Chromium release ( mg Cr/d)  

136 139 

Faeca l DM (g) 544 556 
Faecal ash (%)  20 20 
Faecal soil DM (g) 23 24 
Faecal soil OM (g)  2 2 
Faecal plant OM (g) 433 442 
DOMI (g OM/d) 2165 22 10 
DMI (kg DM/d) 2.49 2.54 

CORRECTI O N  FOR S O I L  CONTA M I NATION IN S HEEP FA ECES 

142 

568 
20 
24 
2 

453 
2272 
2.62 

The dai ly intake of animals  g razing at pasture includes a soil componen t (Healy 1968) . This may be 

signif icant during wet conditions when pasture material is soiled, when animals are grazed to low pasture 

residuals (such a s  during drought conditions  or under rest ricted feeding levels during the winter) and 

when there are h igh levels of worm castings on the soil  surface. Faecal O M  therefore comprises both soil 

and p lant  components which can be further subdivided into organic matter (OM) and ash fractions 

(Scoffield 1970) .  

Faecal OM = Plant  OM + Plant  ash + So i l  OM + Soil ash 

y = Po + Pa + So + Sa 

To estimate daily intakes of herbage OM (or DM) from faecal output, correction must be made for the 

soil component (So + Sa) which is essentially indigestible. Failure to correct for soil contamination will 

result  in herbage intakes being overestimated. 

A simple method of measuring soil in faeces is to  weigh the residue following extraction of the a shed 

faeces with hot 6N HCL (Hea ly and Ludwig 1965) . Precision at  low levels of soil contamination is poor 

because of variation in the acid-soluble fraction from plant sources and because some of the soil may be 

soluble in  acid. A more accurate method is to measure the titanium content in the faeces using X-ray 

fluorescence (Healy 1968) .  The concen tra tions of titanium in herbage is approximately 0.01 of that in 

soil ;  variation in faecal titanium therefore primarily reflects changes in soil intake. Soil titanium may 

va ry between the s i te  of so i l  sa mp l in g  and  soil  types, so tha t  separate calibra tion standards  for 

experiments are necessary .  
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A n  a l terna tive a pproach i s  to  estima te soil contamination indirectly from faecal ash (or OM content) 

al though variations in soil type (Hea ly 1969) and pasture composition (Nes 1975) will influence resu l t s  to 

some extent .  From three grazing experiments ( two with dairy cows and one with sheep) ,  Healy ( 1968> 

derived the linear rela tionship for faeces with soil contents ranging from 10 to 75%: 

y = 1 .83 x - 33.6 ( ±4 .7)  

where x = ash content of faeces (%) .  

At l ow levels of soil conta mina tion the  predict ion i s  reportedly less precise because the  relationship it 
curvilinear. 

Nes ( 1 975) establ ished that the soil conta mina tion of herbage could be derived from the fol lowin1 
formula rather than by u sing the more laborious titanium method :  

y = (% ash in sample) - (%  ash in clean plan t rna!eriai) x lill2 
(% ash in soil) - ( % ash in clean plant material) 

Errors of 2.4 to 3 .4% in predicting herbage soil contamina tion using this formula were mainly a ssociatec 

with variation in plant ash percentages. For clean while clover and clean ryegrass this varied from 7 .50 t< 

9.62% and from 7 .28 to 8.60% respectively during the year.  

The equations of Healy and Nes were tested against actual soil  faeces data collected by Scoffield ( 1970� 

from sheep grazing ryegrass - white clover and cocksfoot - white clover swards established on Ohakea 

and Tokomaru silt loam soil types. These soils had an average loss on ignition (LOl ;  Healy 1969) of 8� 

dur ing  24 h o u r  a s h ing a t  550°C .  F a e c a l  so i l  c o n t e n t  (% O M )  was ca l cu la ted from t i ta n i u m  

concentrations measured by X-ray influorescence. A third linear regression equa tion (NEW) relat ing 

soil content directly to faecal OM content (rather than ash) was developed for 60 faeces samples from 

the Scoffield data set  using the SPSSX regression routine. Soil contents of these samples ranged from 1 

to 7 1 %  and yielded the equa tion: 

and 

Y NEW = 91 .978 (.±. 0.972) - 1 .096 (.±. 0.017) x, n = 60, r = 0.993, + « *  

where x = faecal OM content (%)  

= percentage soil in faeces OM. 

Soil contents estimated by the Healy, Nes and NEW equations are compared with actua l  values in Table 
IV.4. P redictions by the Hea ly and N es equations were significantly less reliable, particularly at high 

levels of soil contamination ( r = 0.799 and 0.709 respectively) .  
I 
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Table I V  . 4  Predicted and actual soil contamination of sheep faeces samples collected by 

Scoffield ( 1970 ) .  

Actual Faeces Values Predicted Soi l  Contents 

Faeces FOM Soi l  Soi l  OM New Healy Nes 
(g D M )  ( %) ( %) (g) ( %) (g OM) (%) (g O M) ( %) (g O M )  

302 80 4 1 4 2 3 1 13 4 
26 1  60 27 6 26 5 39 10 37 8 
420 50 39 26 37 25 57 40 4 1  32 
375 40 47 14 49 1 4  62 23 77 1 8  
548 3 1  59 26 58 25 92 40 72 32 
556 22 72 32 68 30 109 49 �B 37 
1 586 1 3  70 89 78 99 125 159 94 1 19 

The N EW l inea r  regression equa t ion is developed from data for sheep faeces only and from sheep 

grazing pastures on the same soil types as the studies described in this thesis. I t  therefore provides an 

appropria te indirect method for cor recting for soil in take by sheep in the experiments reported . 
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APPENDIX V 

PA STU R E  A N D  EWE FEED INTAKE DATA ( EX P E R I M E N T  1 3 )  

Ta ble V . 1  Botanical composi t ion (%)  of pasture samples collected manually from swards a t  the t ime o 
each pasture mass determina tion, experiment 13. 

Harvest date 
Swa rd 
Component Swa rd L 2a L 28 L 4 1  L 56 L 69 

Ryegrass 550 80.25 69.53 80.�6 69.32 76.77 
1 150 89.3 1  76.79 86. 12 7 1 .54 81 .25 
1 400 85.55 74 .54 79.76 75.6 1 81 .53 
1550 84.34 73 .35 75.20 82.4 1 76. 1 5  
2000 82.98 76.81 80.58 75.36 74.52 

Clover 550 1 1 .73  15 .24 7 . 1 8  13.29 9.26 
1 150 7 .93 9.52 2.2 1 1 5 .43 5.2 1 
1400 3.9 1 3 .53 1 .65 3.01 3.77 
1550 5.22 2 .5 1  3.00 2.85 1 .53 
2000 5.32 2 .66 3.97 1 .23 2.53 

Weed 550 2.88 1 .93 5.02 10 .87 5.39 
1 150 0.34 0.89 1 .26 6.38 3.47 
1400 1 .56 1 .66 0.24 0.58 1 .69 
1550 2.0 1 1 .59 0.82 1 .01  1 .75 
2000 0.7 1 2 .42 0.00 0.2 1 2.00 

Dead 550 5 . 14 13.30 6.94 6.52 8.59 
1 150 2.41 12 .80 10 .4 1 6.65 10.07 
1400 8.98 1 8.89 18.35 20.8 1 13.00 
1550 8.43 22.55 20.98 13.74 20.57 
2000 10.99 18. 12 15.45 23.20 20.95 

aAugust 3 1, 1988 
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Table V .2 Oesophageal fistulate extrusa ash contents and i n  vitro digestibility coefficients for three 
collection periods, experiment 1 3 .  

Parameter Swa rd Extrusa Collection 
L 24-28a L 52-53 L 68-69 Mea n ± sem 

Ash (%) 550 26.90 22.84 20.22 24.2 1 ±  1 .47 
1 1 50 16.87 18.79 15.24 16 .97 ± 0.77 
1400 19 . 18  19.06 15.99 1 8.07 ± 0.70 
1550 1 8.99 15.44 14.66 16 .36± 1.25 
2000 14 .24 16 .13 1 5 .56 15.3 1 ± 0.66 

DMD ( % )  550 77.97 72.86 77 .26 75.68 ± 1 . 1 1  
1 150 78 .18 79.22 79.03 78.8 1 ± 0.27 
1400 78 .52 77 .93 77 . 12 77 .86 ± 0.35 
1550 78 .21  78.45 78.74 78.47 ± 0.42 
2000 76.19 78.50 76.97 77 .22± 0.44 

OMD (%) 550 82. 1 9  79.03 80.75 80.63± 0.67 
1 150 80.80 82.39 HU�6 81 .68 ± 0.47 
1400 8 1 .82 8 1 .62 80 .98 81 .47 ± 0.47 
1550 80.74 8 1 .33 8 1 .54 8 1 .2 1 ± 0.37 
2000 79.50 8 1 .39 80.28 80.39 ± 0.36 

DOM D  (%) 550 65.29 64. 1 6  67.52 65. 13 ± 0.70 
1 150 69.6 1 70.17 7 1 .65 70.48± 0.40 
1 400 69.45 69. 16 70.20 69.60± 0.42 
2000 69.56 70.59 69.59 69.92± 0.37 

aseptember 12- 16, 1988. 
bAll values are the mean of collections made from three oesophageally fistulated wethers, except for 
the third collection from paddock 1 which is for a single animal. 
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Table V .3 Sward botanical composition, by point analysis, of bulked extrusa samples collected from 
oesophageal  fistulated wethers, experiment 13 .  

parameter Sward Extrusa Collection 
L 24-28a L 52-53 L 68-69 Mean ± se 

Grass 5507 7 .80 80.83 77 .3 1 ±  1.5 
1 150 80.49 75.59 80.92 79.00± 1 .7 
1400 8 1 .08 75.89 73.17 76.7 1 ± 2.3 
1550 84.31  78.51 78.15 80.32 ± 2 .0 
2000 77 . 12 70.87 65.81 7 1 .27 ± 3.2 

Clover 550 8.55 5.00 67 .8± 1.7 
l l 50 4.07 18. 1 1  12.21 1 1 .46± 4.0 
1400 0.90 8.04 2.44 3.79 ± 2. 1  
1550 1 .96 3.31 2.52 2.60± 0.3 
2000 0.85 3.94 4.27 3 .02 ± 1 .0 

Weed 550 2.50 2.50± 0.01 
1 150 1 .57 0.52 ± 0.0 
1400 
1550 
2000 5.51 1 .84 ± 0.0( 

Dead 550 13.68 1 1 .67 12 .68 ± 1 .0 

1 150 15.45 4.72 6.87 9 .0 1 ± 3.2 

1400 18.02 16.07 22.76 18.95± 1.9 

1550 13.73 18.18 19.33 17.08± 1 .7  

2000 22.03 19.69 29.9 1 23.88± 3.0 
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Table V .4 Effect of sward su rface height on herbage intakes (mean ± sem) of ewes rea ring either 
single or twin lambs at three stages of lactation (ANOV A spl i t-plot analysis refers to OMI/kg LW 
ewe/cl ; al l  other differences were non-signif icant) .  

Period 1 ( L  28-32) 

Treatment  

OMl (kg  O M fewef d )  

550 

1 150 

!400 

1550 

2000 

D M l  (kg  D Mfewefd ) 

Single 

1 . 74 ± 0. 1 2 

1 . 74 ± 0.09 

1 .84 ± 0.08 

1 .89 ± 0.07 

1 .92 ± 0.07 

550 2 . 1 5 ± 0. 1 4 

1 150 1 .96 ± 0. 1 0 

1 400 2 . 1 2  ± 0.07 

1550 2 . 1 4  ± 0 .08 

2000 2 . 13  ± 0.08 

(g O M /kg ewe LW / d )  

550 3 1 . 20 

1 150 28. 1 2  

1400 2S. 73 

1550 29.64 

2000 28.97 

Overa l l  mean 

Effects 

Rearing ra nk 

Ewe age 

Treatm e n t  

Treatment  x r a n k  

Period ( P2 vs P 3 )  

30. 7 1  

2.88 

1 .68 

NA 

NS 

NS 

Twin  

1 .82 ± 0. 1 3  

1 .86 ± 0.04 

1 .84 ± 0.09 

1 .93 ± 0.09 

1 .82 ± 0.07 

2. 1 7 ± 0. 1 5  

2 . 1 1 ± 0.05 

2 . 12 ± 0 . 1 0  

2 . 1 8 ± 0. 1 0 

2. 1 5  ± 0.08 

33.59 

32.20 

32.57 

3 1 .48 

30.95 

':\A 

Period 2 (L 59-62) 

Sing le Twin  

1 .55 = 0.09 1 . 56 ± 0 . 1 2  

1 . 92 ± 0.08 1 . 96 ± 0. 1 1  

1 .97 = 0.07 1 . 95 ± 0.09 

2 .09 :: 0. 1 4  2 .09 ± 0.09 

2 .00 = 0.08 1 .95 ± 0. 1 1  

I .83 :: O.O'J 1 .84 ± 0 . 1 4  

2 . 1 4  = 0.09 2 . 1 8 ± 0. 1 0  

2 .14 :!: 0.07 2 . 19 ± 0. 1 0 

2.32 = 0 . 1 6  2 .32 ± 0. 1 0  

2.44 = 0.09 2.4 1 ± 0. 1 1  

28.3S :: 1 .74 28.37 ± 1 . 73 

3 1 .49 = 1 .65 34 .30 ± 2.26 

3 1 .33 = 1 .63 34 .29 ± 1 .27  

34.3() :: 0.74 34.76 ± 0.74 

33.44 = 1 . 3 1  37. 18 ± 1 .42  

32.78 

5 .37 

3 .76 

Period 3 ( L  66-69) 

Single  

1 .56 ± 0. 1 1  

1 .87 ± 0.09 

1 .92 ± 0.08 

1 .77 ± 0.06 

2.03 ± 0.09 

1 .82 ± 0 . 1 2  

2.09 ± 0. 1 0  

2.20 ± 0.09 

1 .98 ± 0.07 

2.24 ± 0. 1 0  

29. 1 3  ± 1 .55 

29.90 ± 1 .55 

30.05 ± 2.03 

28.54 ± 1 .4 1  

29.2 1 ± 1 .76 

30.77 

5.93 

4 .4 2  

NS 

NS 

Twin  

1 .64 ± 0.07 

1 . 04 ± 0. 1 6  

1 .  7 9  ± 0.04 

1 .90 ± 0. 1 1  

1 .95 ± 0. 1 4 

1 .90 ± 0.09 

2.27 ± 0. 1 8 

2.04 ± 0.04 

2 . 1 1  ± 0. 1 2  

2 . 1 6 ± 0. 1 6  

29.39 ± 1 .24 

35. 1 6 ± 2.42 

3 1 . 3 1  ± 1 . 0 1  

3 1 .26 ± 2.35 

33.79 ± 2.60 
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APPENDIX V I  

P R E D I CTION O F  F E E D  I N TAKE O F  I N D OOR-FED S H E E P  

U S I N G  I N T RA R U MINAL C H R O M I U M  CRC 

I N T R O D UCTION 

This appendix describes an  indoor feed d igestibil ity trial in which sheep were fed cu t  pasture ad  

l ib i tu m .  Chromium CRC were inserted i n t o  each sheep because feed intake a n d  total faeces 

output were al ready being measured to determine in vivo d igestibil ity (Nasution 1990) .  This 

study therefore provided the oppor tun i ty to  evaluate the precision with which feed intakes 

could be estima ted from the concen tra tion of CR C chromium in  the faeces. 

MATERIALS A N D  M ET H O D S  

Six 20-mon th old Romney rams were h oused i n  metabolism c rates a t  Ma ssey Un iversi ty 's  

Animal Physiology Unit  i n  late N ovember 1988. The mean ( ±  sem) l iveweight of the rams  a t  

th is  t ime was  44 .9  ± 1 .0 kg .  A s ing le  ch romium CRC (65% Cr203 matrix, 9 .00 mm orifice 

d iameter ,  OS wing design )  was  admin is tered oral ly by a Captec capsule dosing gun ( Captec 

(NZ) Ltd, Auckland)  to each ram four days later (d 0 of CRC life) .  Fresh pasture, cut each day 

a t  0830 and 1530 h with a drum mower (Y icon, New Zealand) and collected in a silage wagon 

(S t rautman,  West Germany) ,  was  offered ad l i bi tum to  the rams for a 7 day pre-treatmen t 

period . Pastures were harvested from a mixed ryegrass - white clover "dairy cattle" sward with 

an average composition of 45% grass, 6% cl over, 40% weed and 9% dead materia l .  A 10 day 

period of measuring intakes and faecal output commenced on d 3 of CRC l ife. The wet weight of 

feed offered and refused was recorded for each ram daily. Duplicate sub-samples of the feed 

offered (for .iJ..m and J2.ID. harvests) and of refusals (for ind ividual sheep) were oven-dried at  80°C 

to  de termine  the i r  respect ive  d ry ma t t e r  con tents (OM %).  DM intake ( DMI ,  g/d)  was  

calcu lated a s  the difference between O M  offered and O M  refused. The fresh weight of faeces, 

collected in a urine separator tray f i tted to the metabolism crate, was recorded at 0900 h each 

day. After thorough m ix ing a duplicate sub-sample (c. 100 g)  of the faeces was taken and oven

dried at 80°C for a minimum of 72 h. A sam ple of the dried faeces (c. 60 g) for each days output 

was retained for chromium ana lysis .  The rams were weighed and returned to pasture on d 19. 

1This experiment was conducted in  a ssocia t ion with the MAgrSc programme of Nusantara 

Nasution. 
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Faeces were analysed for their chromium content using the method described in Chapter Two.  

The in t ra-assay coeff ic ien t of variat ion (CV) was 2 .9% and the inter-assay CV 3.7%. Chromium 

recovery was calculated by mult i plying the concentration of chromium in the faeces (Jig Cr /g 

D M )  by the faecal output (g/D M/d) of each ram and expressing this as a p roportion of the 

expected average daily payout of 140 mg Cr from the CRC . This payout was based on the rates 

of ch romium release measured by the serial slaughter of 14 month old rams fit ted with CRC of 

the same specifications as those used in the present experimen t .  Faecal samples for each sheep 

were prepared in two ways for the chromium analysis; first as intact faeces on a daily ( DAILY) 

basis ( 1  g/DM/d) and second by bulk ing (BULK )  faeces (10 g DM/d) over 5 day sub-periods 

(period 1 =d 3-7; period 2 = d  8- 1 2) .  The bulked sa mple was ground th rough a 1 .00 mm sieve 

(Cranston, England) and dupl icate sub-samples ( 1  g/DM) were taken for chromium analysis. 

D M I  for ind ividual  sheep were  p redicted from the faecal ou tpu t  est imated by chromium 

dilut ion and the i n  vivo dry matter digestibil ity ( DM D) value of the feed ( Raymond and M inson 

1955) .  

Group mean predicted faecal outputs and DMI were compared wi th  actual values by paired t

tests. 

RES U LTS 

Recovery of chromium was significantly (P  < 0.001) lower in period 1 than in period 2 (Table 

V I . 1 ) .  This was because chromium recoveries in excess of 90% of the expected payout were not 

achieved in th ree of the sheep unt i l  d 5 to 7. These sheep, according to their daily pattern of 

D M I ,  took l onger t o  a d a p t  t o  t h e  i ndoor  feeding cond i t i on s  of the t r ia l . A group mean 

chromium recovery of 90% was achieved by the f if th  day after CRC insertion (Figure Vl . 1 ) .  

Table VI .1  Recovery of  chromium ( %  of  expected) from faeces using either daily (DAILY) o r  
bulked (BULK) sampling of faeces 

Period 1 Period 2 
Sheep Daily Bulk Daily Bulk 

1 66.5 79.6 1Q7.0 97.5 
2 66.0 8 1 .8 91 .4 1 13.50 
3 93.3 96.0 109 . 1  109.4 
4 66.0 68.2 99. 1  93.6 
5 93. 13  100.4 100.5 88.5 
6 .1.8....1 ..8.1.!i � .lO.U..l 
Mean 78.4 84.6 100.5 100.1 
se m 4.6 2.4 3.7 3.9 
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Mean  recover ies  of ch romium during  per iod 2 for both methods of sampl ing were not 

significantly d ifferen t from 100%. D ifferences in the rate of CRC chromium release between 

sheep, as well as sampling and assay errors, contributed to recoveries for individual sheep being 

grea ter or less than 100%. 

-
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140 

3 4 7 8 9 10 11 12 

Days after CRC insertion 

F i g u re V l . l  Mean parrern of faecal chromium recovery from indoor-fed rams f i t ted wi th 

chromium CRC. Bars indicate sem. 

DMI increased by an  average of 307 g/d between periods 1 and 2, indicating that intakes had 

not fully stabilised by the start of intake measurements (Table VI.2) . Average faecal ouput also 

increased during period 2 to 433 g/DM/d. The in vivo DMD of the pasture, 73.12± 1 . 98% and 

72.48± 1 .54% respectively for periods 1 and 2, was therefore consistent during the digestibil ity 

study. Sheep l iveweights increased by an average of 3 .1  kg ( 172 g/d; P < O. l) during the 18 days 

of indoor feeding. This also contributed to the increased DMI during period 2. 
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Table Vl .2 Group mean ( ±  sem)  and actual faecal output (FO, g DM/d) and DMI (g/d) of 

rams fed cut pasture .rul libitum indoors for two methods of faecal sampling. 

FO DMI S igna 
Meth od Period Predicted Actual  Predicted A ctual FO D M I  

Daily 1 458 ± 19  340± 13  1667± 67 1280±45 * >i' *  Jil. .ljnjc  

( n  = 30) 2 445± 17  433± 17  1615±62 1587 ± 36 N S  N S  

Bulked 1 407 ± 29 340± 29 1479± 105 1280±45 ,. + 
(n = 6) 2 437 ± 33 433±22 1589± 120 1587± 60 NS NS 

aSignificance of paired Hest between predicted and actual values. 

Group mean faecal outputs and DMI predicted from faecal ch romium concentrat ions did not 

d iffer significantly from actual values during period 2 for either of the sampling methods (Table 

VI .2 ) .  Predicted values were much poorer for period 1 because of the lower levels of chromium 

recovery. 

D I SCUSSION 

This i ndoor feeding tr ial  has  shown that the  group mean feed intake of sheep can be reliably 

est ima ted from the concen t ra t i on of ma rker chromium del ivered from intraruminal  CRC, 

provided sufficient t ime after administration of CRC is allowed for chromium to reach steady 

sta te concen trat ions in the faeces. Al though chromium first appears in the faeces within 24 

hours of CRC insertion a further period of 4 to 7 days is required before recoveries in excess of 

90% of the expected average  d a i ly payout  a re ach ieved.  The a l lainment of steady state 

condi t ions is h ighly va riable because it  is dependent on factors such as  the pattern of chromium 

re lease,  the a m ou n t  of ch rom ium a d m i n i s tered ,  feed cha rac teris t ics  and an imal  health 

(Raymond and Minson 1955; Pigden and Brisson 1956; Lambourne 1957b). It can be expected 

that equil ibrium wil l  be achieved most rapidly if rumen mean retention time is low and intakes 

are high ( Raymond and Minson 1955; Faichney 1983). 

The general recommendat ion of the manufacturer of chromium CRC is that sampling for intake 

est imat ion can commence after d 5 (CAPTEC Technical Su pplement for Sheep CRC, 1988) . 

However, this experiment has shown that steady state conditions will not be achieved within this 

t ime frame for some sheep. It  would therefore be prudent in most situations to delay the first 

sampling of faeces un til day 8 after CRC insert ion to ensure that steady state conditions are 

achieved in al l  animals (Figure VI . 1 ) .  This would still al low time for two 5-day faecal sampling 

periods before the CRC l inear re lease phase expired 25 to 28 days after their insertion . 

Alternatively, changes in faecal chromium concentration could be monitored on a daily basis 

for individual animals from d 5. This would substantially increase the costs associated with the 

assay of chromium in trials where a large number of animals were involved. This experiment has· 
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shown that ,  where da i ly mon i toring i s  not  requ ired,  grinding faeces bulked across days and 

taking sub-samples f rom this for chromium ana lysis wil l  provide a reliable  representation of 

group mean faecal outpul .  Lambourne ( 1957b) reported a similar result for bulking faeces of 

wethers drenched with Cr203, thus confirming the resul ts reported in Chapter Six. 

Th is  exper iment  offers fur ther  evidence of the potential of chromium CRC for the study of 

herbage intakes by ruminants ( El l is  e t  a l .  198 1 ;  Laby e t  a l .  1984) .  H owever, between animal 

variat ion in CRC (CV 5-8%), together with the inabil i ty to  measure the true digestibility of feed 

consu med by i nd iv idual  a n im a l s, precludes the ir use for est ima t ing in takes of ind ividual 

animals.  
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l ntraru m inal  chro m i u m  contro l led release capsules for meas ur ing 
herbage intake in ruminants 
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A bstract lntraruminal chromium control led release capsules (CRC, Captec (NZ) Ltd. Auckland) 

provide for the linear release of Cr2o3 over c. 25 days in sheep and c. 20 days in cattle. Uniform 

release of Cr 203 is achieved 2 to 3 days after ora l administration of the CRC but steady state 

levels of Cr2o3 in the faeces are usual ly not achieved until day 7 or 8 in sheep and day 5 or 6 in 

cattle. Where cross-over or multiple feeding level experimental designs are applied, time should 

be al lowed for Cr2o3 to adjust to a new steady state in the faeces before sampling for each new 

treatment. Low diurnal variation of Cr2o3 in the faeces, due to the continuous mode of marker 

release in the rumen, al lows flexible rectal sampling regimens to be applied. Sward sampling 

reduces disturbance of animal grazing to a min imal level since Cr2o3 is delivered by a single 

CRC application. The effects of level of feed intake and feed type on the rate of Cr203 release 

are usual ly smal l ,  but release rates may be h igher in rumen-fistulated than in non-fistulated 

animals and may differ for capsu les of the same type appl ied to different ruminant species. 

Reduced animal handling, flexible faecal sampling times and lower costs (for Cr203 and labour) 

w i th  C R C  techno logy ,  c o m p ared  to d a i l y d renc h in g  of Cr2 o3 • enable the num ber of 

experimental animals to be increased. This improves the likelihood of detecting differences in  

mean intake between groups.  I ndiv idual  an imal  intakes wi l l  not be rel iably estimated with 

c hromic oxide CRC unt i l  the d igestib i l i ty of herbage consumed by individual animals can be 

measured more accurately. 

Keywords ruminants ; herbage intake; chromic oxide; controlled release capsule. 
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I NTROD UCTION 

Research into graz ing  management  of rum inants has  tradit ional ly been restricted by the 

absence of techniques which al low the measurement of feed intake with little disturbance to the 

an imal 's  normal graz ing behaviour. Most herbage intake studies in New Zealand have been 

based on the pasture difference technique (e .g .  Rattray et al . 1 982) ,  total col lection of faeces 

(e .g .  Ulyatt et al. 1 974) or the use of chromic oxide (Cr203) as a faecal marker (e.g. Carruthers 

and Bryant 1 983) .  The widespread appl ication of these methods has been hampered by their 

high labour requirements, variable accuracy and, in the case of faecal markers, the absence of 

systems allowing their uniform release into the rumen (Meijs 1 98 1  ) . The purpose of this paper is 

to descr ibe the app l ication of a new technology, intraruminal chromium controlled release 

capsules (CRC), to the indirect measurement of feed intake in ruminants. 

DEVELOPMENT AND APPLICATIONS OF CHROMIC OXIDE CRC 

The prototype CRC,  a lso referred to as the "controlled release device" (CAD) ,  for delivering 

Cr203 into the rumen of sheep (Harrison et al. 1 981 ) was developed from a variable-geometry 

slow release device patented by Dr R .H .  Laby of the CSIRO in 1 969. The capsules have a p lastic 

barrel into which a matrix of Cr2o3 sucrose mono-stearate (65 :35 wjw) is inserted (usually as a 

series of tablets) .  This is fol lowed by a plastic p lunger and a compressed steel spring. An orifice 

of variable size (depending on required release rate characteristic�) exposes the matrix to the 

rumen contents, forming a gel which is extruded through the force of the spring. A plastic strip ,  

folded against the barrel for dosing,  opens into a T-configuration (wings) t o  retain the C R C  i n  

the rumen (Lehane 1 982). I n  rumen-fistulated animals the capsules may be suspended i n  the 

rumen by a nylon fi lament attach.ed to the fistula. Chromic oxide capsules for sheep with a 25 
day l inear release of 1 80-2 1 0  mg Cr 2 o3; d (Captec (NZ) Ltd. Auckland) were first marketed in 

1 987 (EI I is  and Redden 1 987).  Cattle CRC,  with a 20 day l inear release of 1 650-1 800 mg 

Cr203/d ( Hirschberg et a l .  1 990), were made available the following year. 
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Tests of a lternative CRC designs and their performance in sheep have been reported by Eflis et 

al .  { 1 981  ) . Harrison et a l .  ( 1 982) and La by et al .  ( 1 984). Similar studies for cattle-sized CRC and 

their application in feed intake experiments have been published by El lis et al .  ( 1 982) ,  B ird et a l .  

( 1 984) ,  Grainger et  a l .  ( 1 987) ,  Graham { 1 988) and Barlow et  a l .  ( 1 988). The first use of CRC 

(sheep type) in fal low deer was descr ibed by Kelly et  a l .  ( 1 985). These were later used by Parker 

and Ataja ( 1 990) to measure faecal output by a-month old red deer stags. 

A D M I N I STRATION OF C R C  

CRC are administered oral ly to sheep by a dosing-gun (Captec, Laverton ,  Austral ia) which 

releases the capsule at the back of the tongue. The swal lowing motion of the animal then carries 

the capsule into the rumen. A Captec bal l ing-gun is used to dose cattle with CRC in the same 

manner. Alternatively capsules can be placed down the oesophagus within a lubricated flexible 

rubber tube and released at the thoracic inlet. For both methods, administration occurs with the 

animal in a standing position and the wings of the CRC are temporarily restrained against the 

capsule barrel by a tape which dissolves after 30-40 seconds in the presence of rumen f luids. 

The animal should be observed for at least this period of time after administration to ensure that 

the capsule has been retained in the rumen. The 'back of the tongue' dosing procedure is more 

rapid and usual ly less stressful to the animal ,  but can result in jaw and teeth damage to the 

capsules if they are dis lodged from the appl icator in the mouth or are regurgitated from the 

oesophagus before swal lowing to the rumen has been completed. Damaged capsules ( < 3%) 
should be discarded if the barrel is punctured or if indentations in the plastic would restrict 

plunger movement. Releasing the capsule at the thoracic inlet provides greater protection to the 

capsule, makes it less prone to regurgitation and is better suited to animals such as adult deer in  

which the larynx is relatively larger and located further down the throat than in sheep or cattle. 

Treating animals which are difficult to handle (e.g. adult deer, some classes of cattle) with a low 

dosage of a sedat ive (e .g .  2% R o m p u n ,  Bayer Ltd .  Petone) assists CRC administration . .  

Regurgitation of CRC rarely occurs from sheep but a mismatch of CRC size and l iveweight can 
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result in the loss of capsules from cattle. Assigning numbered CRC to individual an imals assists 

the management of this problem.  

T IME OF FAECAL SAMPL ING 

Release of the Cr  203 tablet matrix i s  in itiated at the orifice of the capsule through wetting by 

rumen fluids. The extruding matrix is brushed off and mixed with the contents of the rumen and 

reticulum by their normal muscular activity. A un iform rate of release is generally achieved 2 to 3 

days after administration but steady state levels of Cr2o3 , at maintenance levels of intake, are 

usual ly not achieved in the faeces until day 7 or 8 in sheep (Parker et al. 1 989; Lee et al .  1 990) 

and day 5 or  6 in  cattle (Graham 1 988 ;  Nasution 1 990). Kassano ( 1 988) recommended a 

prel iminary period of not less than 7 days before faecal col lection in dairy calves (55-70 kg)  

dosed with sheep CRC. The attainment of steady state conditions in  sheep is  dependent on the 

level of  feed i ntake and feed type ,  and is  less rapid in rumen-fistulated animals than in intact 

animals (Parker et al. 1 989 ; Parker 1 990). 

The 1 2 a n d  1 8  day per iods of  l i near  re lease of Cr 203 after atta i nment of steady state 

concentrations , in the faeces of cattle and sheep respectively, provide the opportunity to apply 

experimental designs involving cross-overs or multiple feeding levels. However, before sampl ing 

for the new treatment commences , time should be al lowed for Cr2o3 to adjust to a new steady 

state leve l  in the  faeces .  For  re lat ive ly smal l  changes in sheep feed in takes ( c .  < 0 . 4  

maintenance (M))  a period of 3 days i s  usual ly adequate (Parker 1 990) but, for larger changes 5 

or more days may be necessary. This has implications for rotational grazing treatments where 

feed intakes can vary considerably between days. l t  is l ikely that the procedure adopted by 

Raymond and Minson (1 955), of averaging the chromium concentration of samples taken across 

the grazing interval, should also be applied to CRC. 

The continuous mode of Cr 203 release from CRC reduces within-day (diurnal) variation in faecal 

chromium concentrat ion in sheep to a bout one third of the level achieved by twice-dai ly 
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drenching of Cr2o3 in gelatin capsules (coefficient of variation (CV) 6.2 vs 20. 1 % ;  El l is et a l .  

1 98 1 ) . In more recent studies both Parker et a l .  ( 1 989) and Lee et  a l .  ( 1 990) have reported non

s ignificant levels of d iurnal  variation (CV 4-8%) in sheep dosed with CRC despite different 

patterns of feed intake. S imilarly low levels of diurnal variation in the Cr2o3 content of faeces 

from cattle treated with CRC have been measured by Grainger et al. ( 1 987) and Nasution ( 1 990}. 

Low within-day variation al lows flexible faecal col lection regimes. This is demonstrated by the 

estimates of faecal output for ram lam bs when faecal samples were obtained per rectum at 

different t imes of the day (Table 1 ) .  Rectum samples obta ined once daily over three days 

provided estimates s imi lar  to those derived from twice-daily grab samples and total bagged 

collections. 

< Tab le  1 > 

The un iform release of Cr 203 following a single CRC application al lows faecal samples to be 

col lected from the sward if minimum disturbance of grazing is desirable, individual animal data 

are not required or problems with animal handling (e.g .  ewes with young lambs at foot) prevent 

sampl ing per rectum.  We have compared estimates of faecal output by sward ring sampling 

(Raymond and Minson 1 955)  over an 8 day period with total collection of faeces and sampl ing 

per rectum from 5 ram lambs dosed with CRC and grazed to maintain a uniform pasture height. 

Tota l col lections were obtained on alternate days to sward and rectum samples. D ifferences 

between the mean (±sd) faecal output of 363±26, 366±27 and 355±47 g dry matter (DM)/d for 

total  co l lect ion ,  sward  r i n g  samp l i n g  and  rectum grab sampl ing respective ly ,  were not 

significant. 

A further advantage of the uniform mixing of Cr 203 in the rumen and low diurnal variation is that 

faecal samples can be a nalysed by chemical digestion without prior grinding. For example, 

estimates of mean (±sem)  in take of ram hogeets, fed l ucerne chaff ad l ibitum indoors, were 
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1 1 65±78 g D M/d for faeces assayed after being bulked intact on an equal weight basis across 5 

days, 1 22 1 ±8 1 g DM/d for faeces bulked across 5 days and ground through a 1 .00 m m  mesh 

before assay and 1 28 1 ±97 g D M j d for faeces assayed intact on a dai ly basis for the same 

period . These values were not significantly different from the actual mean intake of 1 1 95±88 g 

DM/d (Parker 1 990). 

FACTO R S  AFFECT I N G  T H E  R ATE OF C HROMIC OXIDE R ELEASE 

The  rate o f  release o f  Cr2 o3 i s  primari ly controlled by orifice diameter , matrix composition, 

p lunger spring strength (Laby et al . 1 984) and the length of Cr2o3 matrix (El lis et al. 1 988). With 

a 65% Cr2o3 matrix and a 9 .00 mm orifice diameter, release rates of 1 60-1 75 and 1 90-2 1 0  mg 

Cr203/d respectively are achieved from CRC with a 6 .0  cm or  3.0 cm length of pressed tablet 

matrix. This provides for Cr 203 release over 30 and 75 days respectively (Parker 1 990) .  With a 

50% Cr2o3 matrix, 7.00 m m  orifice diameter and 6.0 cm of matrix, a 1 00 day release period is 

obtained (Parker et al. 1 989). Un iformity of release is also maintained by the passage of rumen 

gases into the capsule barrel by osmosis to re lieve the vacuum formed as the matrix diminishes 

(La by 1 986). Thus movement of the matrix can actually be reversed if rumen dysfunction occurs. 

Studies of p lunger travel in  C R C  recovered from ewes by serial s laughter have shown that 

release rates are reduced if very low levels of intake ( < 0.6 M) are imposed for 4-7 days (Parker 

1 990). P lunger travel returned to the expected rate when intakes were restored to maintenance 

levels or above. In a second slaughter trial ,  rates of plunger travel were not significantly different 

in ewes set stocked to maintain a low, medium or high residual pasture mass (c. 500, 1 000 and 

> 1 250 kg D Mjha respectively) ,  a lthough a slight trend to increased release rates with higher 

pasture availabi l i ty was evident This confirmed the findings of Laby et al. ( 1  984) and Parker et 

al .  (1 989) that consistency of p lunger travel is maintained across a wide range of feed types and 

feed intakes. However, release rates will increase slightly if feeds which create a more a brasive 

rumen environment are consumed (Parker et al . 1 989). The CV in CRC release rates between 

sheep is typically 3 to 6% while variation between CRC within animals is low (CV 1 -3%)(Parker et 
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al .  1 989, 1 990). 

Trials at Massey University have shown that p lunger travel in rumen-fistulated sheep is 1 0- 1 3% 

slower than in non-fistulated animals. This difference can probably be attributed to temperature 

f luctuations associated with the removal of the capsule from the rumen for measurement. 

Different gaseous conditions in a fistulated compared with an intact rumen are also l ikely to be a 

contributing factor. In contrast, Laby et a l .  ( 1 984) implied that there were no differences between 

fistulated and non-fistulated sheep. Unti l  further research defining the differences between the 

two rumen types is completed, p lunger travel measurements from fistulated animals can only be 

used as a guide to the dai ly output of Cr2 o3 in intact animals. Actual Cr2 o3 release can be 

determined by recovering CRC from animals through slaughter at appropriate times but this is 

often impractical and expensive .  Alternatively, release rate can be estimated by monitoring the 

time of Cr2o3 disappearance from the faeces, i.e. "endpoint" determination (EIIis et al. 1 988). 

Exper iments with C R C  conta in ing  a second marker in the final tablet of the matrix to more 

distinctly label the end of Cr203 release are in progress. CRC with a second marker are also 

being invest igated to provide differentiation between the faeces collected, by sward sampl ing, 

from two or more treatment groups of animals grazed together. 

At present little is known a bout the relative release rate characteristics of CRC in different animal 

species.  We have shown for sheep and deer grazed separately but on similar pastures that 

average (±sem)  p lunger travel rates of sheep CRC, recovered by slaughter, are lower in  deer 

than in sheep (0 .  78±0 .0 1 vs 0 .95±0.04 mmjd). Prel iminary results also suggest that plunger 

travel of sheep C R C  may be more rap id in a cattle rumen. Caution therefore needs to be 

exercised when applying Cr 203 release rates across ruminant species as described by Kelly et 

al. ( 1 985). 
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CONCLUSI O NS 

The reduced animal handl ing and flexible faecal sampling regimes associated with CRC usage 

al low the number of experimental animals to be increased compared to previous methods of 

Cr2o3 administration (e.g.  Barlow et al. 1 988; Lee et al. 1 990). Costs are also lower with CRC 

technology than wi th  twice-dai ly drench i ng of chromic oxide ge lati n capsu les or Cr2o3-

impregnated paper (Corbett et al . 1 960). For example, a single sheep CRC provided Cr2o3 for 

25 days at a cost of $NZ 1 2.50 in 1 990 compared to c .$NZ 50 for two gelatin capsules per day 

over the same per iod.  Th is does not take  into account the additional labour costs for daily 

drenching of gelatin capsules.  Parker et a l .  ( 1 990) estimated that, under ideal conditions and 

with group sizes exceeding 50 animals, differences in intake between groups of < 5% could be 

detected. Cruickshank et al .  ( 1 987) calcu lated that a 1 0% difference in mean intakes could be 

detected at P < 0 . 1 0  with group sizes of 6 animals using estimates of faecal output from animals 

dosed with CRC. Rel iable estimates of individual animal intakes are unlikely to be measured with 

C R C  technology unt i l  the d igest ibi l ity of herbage consumed by i ndividual animals can be 

determined more accurately (Parker et al. 1 990). In practice, however, livestock at pasture are 

usually managed as groups and in this respect chromic oxide CRC have the potential to make a 

s ignificant contribution to improving our understanding of the relationsh ips between pasture, 

animal intakes and production. 
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Ta b l e  1 Actua l  a n d  predicted group mean faecal outputs (g  DM/d) of 5 ram lambs for 
alternative 3-day rectum grab sampl ing routines. Figures in brackets are predicted values 
expressed as a percentage of actual values obtained by total col lection of faeces. 

Rout ine Samplesa Period 1 Period 2 

Actual 3 352± 1 3 355±9 

AM-PM 6 360±1 3 334±1 5  
( 1 02.3) (94. 1 )  

AM-PM-AM 3 348±1 2 34 1 ± 1 6  
(98.9) (96. 1 )  

PM-AM-PM 3 373±1 4 + b 326±1 2** 
( 1 06.0) (9 1 .8) 

AM only 3 356±1 2 346± 1 7  
( 1 0 1 . 1 )  (97.4) 

PM only 3 363± 1 5  322±1 8** 
( 1 03 . 1 )  (90.7) 

a Number of samples col lected per animal .  
bsignificance of paired t-tests between predicted and actual (bagged) faecal output: + P < 0 .0 1 ,  
* P < 0 .05 ,  ** P < 0 .0 1 .  
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