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ABSTRACT 

tm exneri!:wnt is descrihed in �vl-tich the nutritive value of Nmv 
Zealand nroduced maize silare, harvested at the dent-p;laze star>,e of 

maturity, was investi?ated . Of central interest in the study was the 

adequacy of the protein content of the �aize sila�e for suoporting 

grmvth in youn� cattle. 

Pollmvinp: a six-week stanrlardi_sati0n period, 15 Fri esian steers, 

eil?,ht Months of age • r,rere each allocated to one of three treatments in 

an exneriMent of randomised block, covari ance .desia:n. T.Jhile Mai ze 

silap;e either alone (HS) or sunnlemented '1.vi.th hiurct (MSB) , formed t�vo 

of the treatments, it was considered necessary to include a ration 
of better knmvn nutritive value as a form of control. Hay and barley 

Meal (HB) was selected for this nuroose. 

Durinw, R s ix-�veek corp-, ar is on TJe ri od • rRtivn nhysical and chemical 

analyses were made; drv na tter (�M) �nd co�nonent digestibilities 

and intakes , nitroRen (N) utilisation, Rnd livewcight �ain by the steers 
were measured. Identical recordin0 s were mRde durin� the standardisation 

neriod for uss in covariance an�lyse s . Throu?hout the study emrhasis 

wr>s placed on anirne.l ,,c�rformance ( live'•7Ci�>,l-tt fWin) c>_s the r)rime criterior: 

of nutritive value, the oth·2r nHra:rteters measure� :;e ing considered to 

char!lcterise thfl.t nutritive value ns co:nnonents of it. 

'!can rates of live,veiRht r��in durincr the coM-r,arison neriod •vere 

similar for all three >�rourys (0.44, 0.52 and D.Sl kr>/cay for the HB, :-!f-. 

and HSTI treatments respectively). Liveveight �ains a d i usted for �T! 

intake, hmvever, significantly favoured the �1SJ3 treatment in comparison 

with the HB ('P < 0 .OS) and �S (::> < 0 . 10) treatments. 
The possib il ity that this sunerior efficiency of the MSB treatment 

\vas a result of unaccounted bias is discussed. Notwithstanding the 

reasonably convincing evidence presented in f avour of the reliability 

of the finding , the possihility that it was merely an artifact could 

not be unequivocally excluded. 

The apparent equivalence of th e MSB treatment to, if not 

superiority over the HB treatment, -.;.;ras difficult to reconcile with the 

recorded DM digestibilities and digestihle enerP,y intakes (62, 14.7 

mef;acals./day and o7, 18.1 megacals./day respectively, for the MS and 

HB treatments). Enhanced efficiency of utilisation of metabolisable 



ener�y mediated via increased post·-ruminal digestion is suggested as 

a possible explanation for this unusual finding. 

Jf the efficiency advantaq,e of the "'1SB over the l'1S treatment 

iii. 

was truly � nutritional effect, it can only be ascriberl. to the presence 

of b iuret in the fanner ration. Hhile evid.ence presented would suggest 

so�e utilisation of the su�nlernental biuret hy the rumen microbes, the 

extent is clearly indicated by the N r etention Yesults to be limited. 

It �·Tas fo1md that Ne,,7 7.ea.land flroduced Maize silage , harvested 

at the cent-?,laze sta�e of maturity (33% D�) heci physical and chel:lical 

compositions closely apnroximatin� those of the .t�er:tcan nroduce� 
material. Hhen fed as a sole ration to youn� grmving cattle, levels 

of D}1 intake (2.6-2.7% of liver,.n�ig ht) notentia.lly conducive to rapid 

rates of liv,;�.veii�ht rrlin (i .e. ?rC<'lter than 0. 75 kg/day) May be 

expected. The present results t-muld holvever sw�gest that t}1e 

di�estibility of the �ross enerev (61%) may imnose a ceiling of 0.75 

kg/day on notential rates of gain. The possit-ility of bi<1s in the 
estd.mation of both intakes and dir,estibilities, resulting fro!Tl the 

use of t11e oven�dryin>!. techniqu2 in deter'Tlining; s ilage D:1 contents , 

is discussed. It i•JOuld seen th,qt both th9 !Y! di�estib ili ties and 

digestiole enerQy intakes recorded in the nrcsent study, may be 

consistently low. 

It is c oncluded thP..t maize silage \vith ;:� 9-·10% crude T'!ratein 

c ontent can su-pport growth rates in young cHttle of 0.5 kp:/de.y, at 
le<1st in the short tcn'l.. 1,tfth the intake e..nr. digestibilit y data 

recorded in the study nescribed betr..r- of a level sufftcient to support 

greater rates of liveHeil!ht gain, it would seem reasonable to suggest, 

assuming no vitamin or mineral deficiencies, that protein availability 

to the steers fed maize silage �¥as liJTtitin� �rovrth rate. The nresent 

study does surmort a response to N supnlementation (hiuret) although 

the fincl.in� is adopted t.vith caution. Th8 ev�_dence is inconclusive. 

It fq therefore suggested that the need exists for a further 

more specific study of the adequacy of the protein content of maize 

aila�e for growth in young cattle. A longer nerion of maize silage 

feeding, and the inclusion of a treatrnent containing a natural proteiU 

supplement \Wuld be considered essential . 
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PREFJ\CE 

Progress in pasture management has resulted in rJOre efficient 

utilisation of available grass by the grazing animal and c oncomitantly, 

increased nroduction of milk, meat and wool. The point has no-v1 been 

reached, h owever, �vhere the amount of grass actually grown is limitin� 

further increases in animal productivity. Possible means of liftinr. 

this annual herbage production w ould include the use of nitrogen 

fertilizer, irrigation. or high yield forage crons. 

1lliile the use of both nitrogen and i rrir�ation on pastures can 

be clearly beneficial. their potential seems limited by the very 

morphology and physiology of the nasture nlant. i.Jithout the limitations 

imnosed by the r;razinr, animal, the use of hiGh yielcl forage crops may 

have the greater nroductive potential. 

Maize ( Zea mays L,) is one of the T!!Ost nroductive forage crons 

known to ""1e�..r Zealand and when used as silage, provides an animal feed 

at quite lm.; cost, comnarable �vith grass silage. Its characterisation 

in Ne\v Zealand hmvever, is still in initial stacres. 

�<Jhile extensive ivorl:: on r1aize silage has been reported in the 

United States. extrapolation of their findings to our vastly different 

conditions is difficult. Emergin� from their �·rork, hmvever, with 

singular clarity, is the confused understanding of the protein adequacy 

of maize silage for growing animals. 

The study described herein �.,as designed to investi»;ate the 

nutritive value of New Zealand produced maize silage as a sole ration 

for young growing cattle. \.,ith emnhasis on the adequacy of its protein 

content. 
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CHA.,..,TE"- O�H� 

REVIEW OF LITERATURE 

An extensive literature on t�1e nutritive value of maize silage 

has evolved from the many years ot its use as a livestoc� feed in the 

United States. The nresent review is in no r·mv considered to be 
exhaustive, �Ather , it ou tline s the characteristics of maize sila8e , 

with discussion centred on the state of' knov;ledge \vhich led to the 

present study . Reasons for verious decisions made in the design of 

the experiment are off cred . and rvhere possible, techniques used and 

procedures follov1ed are discussed and justified. 
r.There useful evidence is renortcd from exDeriments \vith lactating 

cov7S, it is used in this revie\v. desl)itc: the confinement of the present 

study to cattle growth . However, r �� levant information availeble since 

the completion of this wort tJill be discusse� in relation to the results 

in Chapter "�<'0ur. 

The review is auproached in six sections, the first dealin� with 

the physical and chemical chrtracteristics of maize silage, to provide a 

backp;r�und aS?,ainst vrhich to connare the Ner.v Zeal::J.nd produced silage 

used in the present study. The second section considers the state of 

knmvledge of the feediTJ.?, value of r.aize sila�(�, hir;hlightinP.: the 

confusion surrounding its protein adequacy for growin� cattle . The 

factors affecting that f�edin� value are discussed in section three, 

l\There reasons for many of the managerial decisions involved in the 

production of the maize silag e  are provided. 

In planning this work it was necessary to decide whether to feed 

maize silage alone ;  ann if fed alone , w�at deficiencies might be 

expected. Consideration is given, in section four, to the central 

question of protein sunnlementation, justification being provided for 

the use of non-protein nitrogen to examine this question in the present 

study. Possible requirements for supnlementary energy, vitamins and 

minerals are also discussed. 

The evidence involved in the choice of both experimental design 

and the procedures followed in the measurement of growth and nitrogen 

balance, is discussed in section five; the final section, six, 

providing a brief summary of the review. 



1.1 CKARACTERISTICS OF MAIZE SILAGE 

In this section the physical and chemical characteristics of 

maize silage are summarized. The influence on these characteristics, 

2. 

of varying nroduction conditions, including variety and cultural aspects, 

is discussed in section 1.3. 

1.1.1 Physical Composition 

As far back as 19 25, !!opper renorted from a study of 18 maize 

varieties in the United States, that eAr content as a percentage of 

total dry matter (DM) averaged 537, at maturity. Since that time, 

however, the advent of hiRher grain yielding hybrids has increased the 

ear content of mature maize. In a comprehensive analysis of the �rm.,rth 

star,es of hybrid maize, Ham.,ray (1963) reported an ear content figure 

of 63% (of DM) for physiolop.ically mature maize nlants, while Bryant 

and Rlaser (1968) returned a figure of 75% of the DH for an early 

maturing hybrid. 

�aize silage is f.enerally harvested a little before physiological 

maturitv at 30-35% D1v'f, and a corn.nlete nhysical analysis of hybrid maize 

(120 day maturity) at the dent-glaze sta�e of maturity (30-35% DM 

content) is presented in Table 1.1. 

T�BLE 1.1� Physical analysis of maize plants at ensilin� 

(30-35% DM content) 

Plant Component Percentage of Total Shoot DM* 

Grain I 47 ) 

Cob. silks 9 
) 
) 

Ear = 63% 
Husk, shank 7 ) 

Stalk 18 

Leaf sheaths 6 ) 
13 1 Leaves = 19% 

Leaves 

*Based on the data o f  Hanway (1963). Supporting data 
contained in Loomis (19371 Johnson et al (1966a) and 
Bryant and Blaser (1968). 

Figure 1.1 shows, in generalized form , the changes in the 

proportions of these components with advancing plant maturity . 

1.1.2 Chemical Compos ition 

A summary of analyses of the proximate compos ition o f  maize 

I 
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FIGURE 1"1: �langes in physical composition of hybrid maize plants 

(120 day maturity) with advancing maturity 

(Based on Haravay 3 1.963). 
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silage made at the dent stage of maturity is presente d  in T ab le 1.2. 

For comparative purposes, the results of analy ses of New Zealand , 

spring grm,m, mixed pasture are f.lresented (see Davey � 1964) • 

TABLF 1.2: Proximate coMryosit.ion of maize silage made at the dent 

stage of maturity (approx. 30% DM). The pasture analysis 

results of Davey (1964) are included for comDarison. 

I 
1·1orrison NP.C 

Huffman 
Eryant Davey 

Source of Data & Duncan 1957* 1970 
1960** 

1970*** 1964**** 

Dry 11atter Content 28.5 27.9 29.1 38.0 17.2 

Crude "Protein 8.1 8 . 4  9.4 8.1 15.2 
Ash 5.6 - 5.0 4.7 9.4 

Ether Extract 
DH 3 . 2  3.4 4.3 

Basis 
- -

Crude Fibr e 22 . 1  26.3 21.3 - 29.3 
NFE 61.1 - 60.8 - 41.9 ! 

* Average of 237 separate analy ses. 
** Average of 17 years' crops at Hichigan State University. 

*** Ne''' Zealand produced maize silage. 

**** Hixed New Zealand ryegrass-clover sprinp; pasture. 

4. 

Scrutiny of Table 1 . 2  reveals t�To characteristics of maize silar,e 

when compared with pasture. Both its crude protein and ash contents 

are considerably lm.Jer. These characteristics are discussed later in 

the review (see sections 1.4.1 and 1.4.4). However , further analyses 

of the crude protein and ash contents of maize silage are prese nted 

in Tab le 1. 3. 

In comparing the mineral contents of maize silage and grass 

( see Tab le 1.3), the maize silage appears similar in magnesium and 

possib ly sodium,  but lm.;r in calcium,  phosph orus:- and potassium. 

Consideration of the NRC (1970) req uir ements for these miner als by 

growing steers, reveals that while the potassium content may be lower 

than in grass ,  it is still far in excess of estimated requirements.  

However. calcium and phosphorus content s of  maize silage may b e  

inadequate f o r  rapid gains o f  young growing steers ( see section 1.4.4). 

The changing physical composition of the maize plant ldth 

advancing mat urity ( see f igure 1.1) could r easonab ly be expected t o  



ThBLE 1.3: Further chemical analysis of maize silage - crude protein 

and ash fractions, and carotene content (%of total maize 
silage DM) . The nasture mineral analyses of tolilson et al 

(1969) are included for comparison. 

I I l I Johnson NRC (1970) Huffman Hilson* 
Source of Data l et ,!il · 

Morris on 
[Coppock & Duncan et al I ( 196 7) 

(1957) 
(1969)]a (1960) I (1969) 

I I i 
True Protein 4.9 I I I I NPN Protein 

3,8 (N x 6 .25) 

Ca 
I 

0.28 0.26 0.53 -· 0.32 I Mg - O.lR 0.18 0.26 0.22 I I 

p - 0.25 0.21 0.24 0.46 

5. 

Is I .. 0.14 O.ll
a - -

IK - I 0.95 0.95 1.17 3.32 

I Na - 0.04 0. 03
a - 0.11 I 

I 

Carotene 0.005 

I (46.3ppm) 
- 0.002 

(18.2ppm) . I 

* Analysis of New Zealand mixed spring pasture. 

-

For information on the other sources of data see Table 1.2. 

I 
I I 
I 

alter chemical comrosition concurrently. Such changes have been recorded 

and are presented in Figure 1.2. Clearly the chemical composition of 

maize silage will depend on stage of maturity at harvest. 

1.2 FEEDING VALUE OF MAIZE SILAGE 

Typical maize silage harvested at 30-38% DM (i.e. Dough-dent to 

Glaze stagw of maturity) would have a DM digestibility of 68% (Hillman, 

1969) and a total digestible nutrient ( TDN) content of 70% (Alexander 

et al, 1963.; Colovos et al, 1970), or 67% digestible organic matter 

(DOM) (DM basis). Assuming a DM intake level of 2.5 kg/100 kg 

live weight (11.35 kg DM for 454 kg animal), suff icient energy would 

be furnished (7.95 k� TDN) to meet the maintenance requirements of the 

454 kg cow (3.18 kg TDN) plus 15 kg of 4% fat corrected milk (FCM) 

(@ 0.31 kg TDN/kg 4% FCM). With a digestible crude protein value of 

5.7% (DM basis) (Coppock, 1969), the maintenance protein requirement 

could be adequately met (0. 27 kg), leaving 0.38 kg digestible crude 
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pro tein , sufficient to produce only 9 k� 4% FCM . (All requirements 

bas ed on Morrison . 1957) . 

7 .  

While the limitations of this f eeding s t andard approach are 

freely acknm-1ledged , the calculations do demons trate that alth ough maize 

s i lage is energetically ca?ab le of suppor ting reas onab ly h igh levels o f  

milk product ion , it is clearly deficient i n  pro t ein f o r  th is purpos e .  

For the growing s teer , s imilar f igures are pres en ted in Tab le 1 . 4 .  

TABLE 1 . 4 :  Energy and pro tein adequa cy o f  maize s ilage for grow ing catt le 

! I Requiret!lents * Intakes** rLiveweight 
TDN [Di g . Cr . 'Prot . TDN Dig . Cr .  Prot . 

kg kg kg kg 
% o f  

kR 
% of 

requirement requirement 

136 1.77 I 0 . 24 2 . 38 I 134 0 . 19 79 

1 8 1  2.18 0 . 2 9 3.17 I 145 0.26 90 

227 I 2 . 59 0.32 3 . 9 8 I 154 0. 32 100 i 
2 7 2  1 2. 95 I 0 . 3 6 4 . 76 ! 161 0 , 39 t 108 I I o .  4 5  I I 3 18 t 3.63 0 . 38 5 . 57 I 153 118 
36 3 \ 3 . 9 9 0 . 4 1 1 6.36 I 159 o . 52 1 127 ! I I I I 

* B a s ed on Horr is on ( 19 5 7 )  to nromote gains of 0.34 kp; /day (0 . 75 lb /day) 

** Assumed m1 intake of 2.  5 kg / 100 kg liveweight , mai z e  si lage TDN 
value of 70% and di�es t ib le crude protein (Dig . Cr . Pr o t . )  value 
o f  5. 7% (DM b as is ) . 

Cons ideration of tab le 1 . 4  would indicate that maize s i la�e may 

supp ly cons iderab ly more energy to the �rowing s teer than is required 

for a growth rate of 0 . 34 kg /day . However , up to 227 kg liveweight it 

seems possib le that growing cattle may be inca�ab le of inges ting 

suff i c i ent pro t e in from maize s ilage to gain at this rate . Above 227 kg 

liveweight , suf f icient diges tib le crude protein may be furnished for 

fas ter rates of growth . However , the �vriter cons iders that the assumed 

diges t ib le crude protein content of maize s i lage ( 5 . 7% of DM) taken 

fr om the review o f  Coppock ( 19 69 ) , may b e  generous , values as low as 

4% b e ing reported in the literature (Morrison , 1957 ; Conrad and H ibbs , 

19 6 1 ; Colovos e t  al , 19 70) . 

While f or mi lk produ c t i on maize s ilage is undoub tedly deficient 

in protein , for the growing s te er the s ituation s eems les s clear . The 



question is further inves tigated in the section on supplementation of 

maize s ilage ( s ee 1 . 4. 1) . 

1 . 3  FACTORS AFFECTING THE FEEDING VALUE OF MAIZE S ILAGE 

8 .  

A number o f  factors involved in the product ion o f  maize s i lage 

are known to affect i ts nut ritive value . These would include fer tilizer 

rates and plant population dens i ty , maize variety , s tage of matu�i ty 

and DM content at harves t ,  and additives us e1 at ens iling . Knowledge 

o f  the extent and direction o f  thes e influence3 is �rie f ly reviewed 

and reas ons are g iven for var ious procedures fol lowed in the production 

of the p res ent maize s ilage . Cons ideration is als o given b riefly to 

silage y ield where it  may als o be affec ted by thes e  factor s . 

1 . 3 . 1  Fertilizer Rate 

Nitrogenous fertilizer levels in par ticular have received the 

attention of res earchers , not only through the possib ility of increased 

�M y ie lds , but als o b ecaus e of pos tulated inf luences on the crude protein 

content and nutritive value of r esultant s ila� e .  

The literature i s  not a l l  in accord . Z immerman e t  a l  (19 6 2 )  

us ing e i ther no nitrogen ( N)  f er tilizer o r  247 kg N /ha failed to alter 

either the silage DM yield or its crude protein content , although 

yearling steers did inexpli cab ly gain better on the high N f ertilizer 

s i lage . In contras t ,  Cummings et al (196 5) with thr ee levels of N 

f ertilizer (0 , 225  and 900 kg/ha) increased the crude nro tein level of 

r esultant s ilages 0 ,  18 and 39% respectively from 6 . 19 to 7 . 28 to 8.58% 

of DM . Informat ion on animal respons e t o  thes e par ti cular s ilag es was 

sparse and confounded by prote in supplement feeding . Vandersall et  al 

( 19 62) however , us ing levels of  N f er ti lizer s imilar to the firs t two 

of Cummings et al ( 1965) , reported mor e  e ffic ient milk production from 

the high-N silage , despite supplemental protein f eeding . · 

Some of the mos t compreh ens ive evidence availab le comes from the 

work of Alexander et al ( 1963) . By doub ling NPK f ertilizer rates 

( 62-54-54  to 125-108-108 kg NPK/ha) 3 3% and 11% increases in DM yield 

and crude protein content respectively , were recorded , the latter being 

increased from 6 . 3% to 7% . Nitrogen free extract (NFE) and ash contents 

were decreased , wh ile crude fibre and ether extract levels remained 

unchanged . The high fertilizer level also increased the digest ibility 
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of the crude protein caus ing the d igest ib le crude protein content to 

be increased by 21% ( 2 . 94 to 3.5 7% of DM) , a result very much in keeping 

\vith the work of Jahn ( 1964) who recorded a 16% increas e (5 . 5  to 6 . 4% 

of mn in diges tib le crude protein content � using similar levels of 

fer tilizer . 

The �.;reight o f  evidence f avours benef icial effects from high N 

fertili zation not only in tems o f  m1 yield � but also in t enns of crude 

protein content and digestib ility , an impor tant cons ideration in 

the product ion of �aize silage ( s ee sect ion 1 . 2) . For thes e reasons 

250 kg N/ha was us ed in the production of the maize s ilage for this 

nutritive value s tudy . 

At such high levels of N fertilization , silage nitrate levels 

may b e  e levated (Zimmerman et al , 196 2 ;  Cummings et al , 19 65 ; 0\-Jen , 

1967) , as in drought con�i tions (Loomis , 1937) , the s igni f i cance of 

this toxi c subs tance being discus sed in s ection 1 . 4. 3 .  

1.3 .2 P lant Population Dens i ty 

I t  is known from agronomic s tudi es that as plant population density 

is increas ed , to tal DM yields generally rise until plant competition 

prevents further increas es and may even effect a yield decrease 

( S tafij cuk 9 19 62) . The li terature contains reoorts of maize crons 

grown at nopulation dens ities ran�ing from 16 , 700 to 111 ,000 nlants /ha 

(Dzinic , 1960 ; Alexander et al , 1963 ; Bryant and B las er , 1968 ; 

Hunter et  al , 19 70). Dry matter yields increased up to the 9 8 � 000 

plants /ha of Bryant and B las er ( 196 8) , and in the work of Hunter et al 

( 1970) , over a range of 4 B s 000 to 72 ,000 plants /ha , yield response 

was linear . In this latter s tudy , the leaf ar ea index (LAI) at 72 , 000 

plants /ha ( 2 . 9) was below that cons idered by the authors to be  necessary 

to give maximum �rain yield (3.5-4.0 ) .  I t  was sugges ted that 96 , 000 

plants /ha \-lould be equired to ach ieve this desired LAI . On the basis 

of the work of Bryant and B laser ( 1968) this figure appears not to be 

too high . 

In recent reviews , 0\.;ren ( 1967) and Hillman (1969) suggested that 

increasing plant population would·. ·result not only in decreased crude 

protein content , but also in decreased crude protein and dry matter 

digestib ility . Suppo�ting evidence for this contention can b e  found 

in the r esults of S tafij cuk ( 19 6 2) and Alexander et al ( 1963) . However , 



the r esults of the latter group als o show that these effects are 

sub s t antially r educed with high levels of nitrogen fertilization . 

In summary , it could b e  cons ider ed undesirable f or � lant 

\ 
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population to b e  s o  high a s  t o  reduce the grain content of  the resultant 

s i lage .  Bryant and B la ser ( 19 68) f ound no evidenee of th is occurring 

in p l ant nopulations u;::> to 9 8 , GOO plants /ha � although high p lant 

dens ity was pos s ib ly resnons ib l� f or the poorer s i lages made from 

s tan�s of 111 .000 nlants /ha in the work of Dzinic ( 19 6 0) . I t  is 

th er e f ore like ly that any small los ses in cl.iges t ib le nutrient content 

with increas ing p lant populat ion will be more than compens ated f or by 

incr eased d iges t ib le nutr ient yield at the h igher p lant populat ions 

( S taf i j cuk , 19 62 ; Alexander et al s 1963) . 

In the rresent s tudy the moderately high s mving dens ity of 

80, 000 seens /ha �;vas chosen s o  as to ach i eve near maximum yields v1ithout 

risk of prej udi c ing s i lage quality . 

1. 3 . 3  Maize Variety 

For s ome tL�e maize var ie ties us ed for grain produc t ion have 

b e en c ons idered mo s t  des irab le for s i lare making b ecaus e of th e h igh 

ne t enerp:y content for produc t iv e  purpos e s  of the ��rain in compar ison 

with the s tov er O�orr ison , 19 5 7 ) , In his 19 67 r eview . hrn..rever , Owen 

que s t i oned th is premise and ci ted evidence from �..rork comparing the 

value of extr em.� ly high �ra i n s dwarf maize var ietie s  wi th normal 

hybr ids for milk produc tion . There tver e no diff erence s .  The writer , 

however , cr itic is es th is ev idence as d i f f erences o ther than grain 

cont ent be tween �Jo s uch diver s e  varieties could hav e  b een inf luenc inP, 

the milk produc t i on r esul t s . 

The ready nassa�e of shelled corn undig es ted through the 

aliment ary tract of ruminants ( e . g .  23% - Becker and Gal lup , 19 29) 

may have lead to a b elief tha t  the same was te would occur •.;i th grain 

consumed in mai ze s i laRe . However , this has not been the case , and 

both Becker and Gallup ( l929) and Huffman and Duncan ( 1959) recorded 

undigested grain losses of 8 . 47% and 2 . 7% for s ilage harves ted at the 

glaze and early dent s tage s  o f  maturity , respectively . 

Nutritive value s tudies wi th silages of differing grain 

contents have s hown varying animal responses . However , Hayden and 

Perkins ( 19 2 3 )  and uffman and Duncan ( 1956) , comparing silages with 
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29 and 39% , and 5 and 4 7 %  grain content (DM basis) for milk production ,  

report ed small but c onsistent advantages in favour o f  the higher grain 

varieties . Moreover , Stafij cuk ( 1962) f ound a h igh positive correlation 

between the propo� t ion of heads in the dry matter and the nutritive 

value of the silag e , and Nevens (1933) reported h igher DM intakes , 

liveweight gains 5 and efficiencies of  gain for p,rowing cattle on maize 

silage with higher grain content ( 4 7  vs 35% car ) . Als o nroducing 

evidence in support of high grain content maiz e silage , Huber et al 

( 1965) compared three silages r;1ith ear contents of 34 , 47 and 51% 

(DM basis) . Milk production increased Hith increasin� ear content o f  

the s ilage , a s  did overall DM content (25  t o  33% DM) . I n  this s tudy 

as in that of Huffman and Duncan ( 1956) s ila�e dry matter content could 

have confounded results .  

This cri t ic i sm cannot b e  level led at the �vork of Dunn �t a l  

( 1955)  who made normal and grainless maize s i lag e from the one cror . 

tfuen grainless maize silage ren laced approximately half the hay in a 

ration fed to r'li lk in.g cows , milk produc tion was maintained , but when 

Maize neal rep laced the grainless maize s i la?e to a similar level of 

TDN intake , milk production increased . Moreover , the grain in t h e  

norma l  maize s ilage r,Yas found to have equal nroductive va lue to th e 

maize meal , c lear ly demons trat ing its nutritional im�rtance in Mai z e  

s i lag e .  

This evidence led t o  the selection o f  a high grain maize var iety 

f or the rresent s tudy , the three-'l!ray hybrid , \..Jiscons in 575 . 

1 . 3 . 4  S tage of Maturity ar,<.l Dry Matter Content at Harves t 

Staf ij cuk ( 1962) repor ted a high positive correlation between 

maize plant maturity and DH content of the crop . It therefore s eems 

appropriate to consider these two factors t ogether . 

As has been estab lished in s ection 1 . 3 . 3 ,  the presence of  large 

quantitites of grain in the s ilage is likely to add to its f eeding 

value . By definition , the greatest yield o f  grain occurs at physiological 

maturity about 35% DM (Coppock and Stone , 1965) , when in fact , as can 

be seen in f igure 1 . 1 ,  overall DM yield is likely to be at a maximum 

(Hanway , 1963 ; Johnson et al , 1966a) . The importance of  not harvesting 

too ear ly , in terms of DM y ield , is demonstrated by Nevens et al ( 1954) . 

In 25 days from the early milk stage of maturity , DM yields increased 

by up to 63% . Once DM content pas ses 35% , however , total DM yields are 
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are likely to decrease ( Johnson e t  al , 1966a) . 

As can be seen in figure 1 . 2 ,  from tassel to physiological 

maturity the chemical compos ition of the maize p lant alters considerab ly .  

Whi le NFE and ether extract contents increas e ,  ash , crude f ibre , crude 

protein , and also carotene contents all decreas e .  Evidence supporting 

this early t·JOrk (Hopper 9 1925) has been repor ted by Huffman and Duncan 

( 1960) , Huber et al ( 1965) s Owen ( 1967) , Owens et al ( 1967)  and Johnson 

ancl McClure ( 1968) . 

Also changing with advancing maturity is the composition of the 

crude protein fraction itself . From a comprehens ive s tudy of the effects 

of maize plant ma�urity , Johnson et al ( 1967)  showed that the percentage 

of total N as true protein increased tvith advanc.:ing maturity from the 

b li s ter t o  just prior to the fros t stage ( i . e .  up to 4'1% DM) , ( see 

figure 1 . 3) , tending to diminish the effect of the decreas ing crude 

protein content . Moreover , the losses of true protein during ensiling 

were cons iderably less at more advanced maturities . This is  probab ly 

a reflection of the reduced fermentation activity with more mature 

silage 9 lactic and acetic acid production , especially the latter , being 

reduced ( Johnson et al , 1967) . 

At the s ame time however , the apparent diges tib ility of the 

crude protein will d ecreas e  (Noller et al , 19 63 � Johns on and t1cClure ,  

1968) and may reduce the diges tib le crude protein content t o  low levels 

at advanced maturities . 

It  has been sugges ted that s tage of  maturity has very little 

effect on DM diges tib ility (Nehring and Laube , 1959 ; Owen , 1967 ; 

Coppock , 1969 ; Hillman , 1969) . From in vitr o diges tib ility s tudies , 

Johr�on e t  al ( 1966b )  have shown that while leaf cellulos e diges tib ility 

may decreas e s lowly with maturity , s talk cellulose diges tibi lity 

decreases until about 15 days pos t-tassel , with little change thereaf ter . 

From this point on , vegetative growth probably ceases and grain development 

is the maj or proces s taking place ( s ee figure 1 . 1) .  In fact , the rapid 

deposition of starch in the developing grain , with concurrent dilution 

of the plant crude fibre content , f orms a bas ic difference between 

grain crops , and pasture gras s es and legumes , precluding the likelihood 

of marked decreases in DM diges tib ility with advancing maturity of maize . 

Availab le evidence would support this contention and the results 

of  s tudies on the DM diges tib i li ty of s ilages made at varying maturities 
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are summarized in table 1 . 5 . 

TABLE 1 . 5 :  The effect of s tage o f  maturity at harves t on the DM 

di�es tib ili ty of maize s i lage . 

Milk- Dough-S tage of Haturity Blister Early Early Glaze Flint 
�1ilk Dough Dent 

m1 % 20 20-2 4  25-27 28·-30 33-35 38·-4 7 

Johnson & HcClure ( 1968) 67. 3 67 . 6  70 . 3  71 . 2  68 . 2  68. 2 
Colovos et al ( 1970) 6 8 . 2  71 . 1  68 . 8  66 . 7  
Noller et a l  ( 1963) 72 . 3 69 . 7  68 . 7  
Huber et a l  ( 19 6 5) 6 8 . 2  63 . 4  68 . 0  

Bryant et al ( 1965)  66 . 7  68 . 6  
Byers & Ormis ton ( 196 4) 6 2 . 7  

14 . 

Very 
Mature 

4 7+ 

68.8 

56 . 7  

As has been sug�es ted , the· variations in diges tib ility pos t­

b l is ter and pre�fros t appear small . The pub lished data would sugges t 

DM diges tib ility to be approximately two percentage units higher from 

the milk- early dour.h to dough-dent s tages ( 25-30% DM) , than at earlier 

or later s tages of maturity . 

In contras t to this insubs tantial inf luence of matur ity on 

digestib il ity , Dzinic ( 19 60) found that s ila�es made at earlier 

maturities (milk sta·.�e) "ttTere less read i ly eaten and of lotver nutritive 

value than thos e made later . Evidence in support of this contention is 

s trong . Over a range of s i lage DH contents , 21  to 73% DM , Huber et al 

( 1965) , Bryant e t  al ( 196 5) , and �Nens et al ( 1967) reported increasing 

DM intakes and milk production "tvith increas ing DM content . Only one 

of these s tudies , however , contained s ilages over 40% DM content . 

S ilages in the range 54-73% DM content , in the work of Owens et al 

( 1967) , "tvere ground prior to ens iling , this procedure being cons idered 

by the wr iter to cas t doubt on the validity of the results . Moreover , 

Huber et al ( 1967)  reported that s i lage with a DM content of 45% was 

less well consumed and produced les s  milk than those in the range 

30-37% . Similar evidence of poorer intakes with very high DM s ilages 

is reported by Noller et al (1963) ; Colovos et al ( 1970) supporting 

the finding of Johnson and HcC1ure ( 1968) that DM intakes appear to b e  

highest at the glaze s tage o f  maturity ( 3 5% DM) . In the las t mentioned 
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work s i lages ranged from 20 to 71% DM content . 

While it is knmqn that increas ing the DM content of ensiled grass 

will improve DM intakes by ruminants (Moore et al , 19 60 ; Neumark et al , 

196 4 ;  Harr is et al � 1966) , the beneficial effect of advancing maize 

plant maturity ( up to the g laze stage) may not be mediated sole ly through 

this f actor . In their work on maize silage maturity � Iluber et al ( 1965)  

not ed that the productive advant age of the tnore mature silage ( 33 . 3% DM 

compared with 25 . 4  and 30 . 3% DM) was diminished in the nres ence of a 

grain supp lement ,  implicating the value of the extra grain ( see s ec tion 

1 . 3 . 3 ) with the more mature s i lage . There s eems lit t le doub t that both 

factor s , DM content per s e  and the value of hi:->:her grain cont ent are 

involved . 

I t  should also be noted that at the extremely late s tages of 

matur i ty when DH contents are very high ( over 40% DM) , Byers and 

Ormis ton ( 1964) and O;qens et a l  ( 1967)  have shmvn that harves ting 

losses caused by collapsing plants can be much elevated ( 2 5% compared 

with 5% of total DM) . Horeover , lluber et al ( 1967)  r eported losses in 

the s i lo to be over 100% greater for the very mature s i lag es , and at 

the o ther extreme , Miller and Clifton ( 1965) showed s e epage los ses to 

star t at less than 30% DH . Yet another s ource of nutr ient loss which 

may increase with maturity is the ex�uls ion of undigested grain in 

the f aeces . It s eems , however , that this increas e in loss with 

maturity is small (Becker and Gallup � 1929 ; Huf fman and Duncan , 1959) . 

The evidence ��ould indi cate that harvestin� maiz e  for s i lage at 

or near the mature seed stage ( dent to glaze s t age of maturity , 30-35% 

DM) , when the grain cons itut es 45-55% of the DM , �vill maximise b oth 

grain and overall DM production and minimise DM los s es . Levels of DM 

intake ar � likely to be highes t at this stage of maturity , and despite 

a sligh t  reduction in DM diges tib ility , animal productivity is likely 

to b e  maximis ed provided the diges tib le crude protein content is  not 

limiting . On the basis of  these conclus ions , the maize silage used in 

the present s tudy was harves ted at the dent-glaze stage of maturity , 

30-35% DM content . 

1 . 3 . 5  Buffers and Other Additives 

Klos terman �t al ( 196 0 ,  196 1) showed that maize s i lage treated 

�vith limes tone and urea additives at ens iling , supported more efficient 
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and f requently fas ter gains in f at tening cattle , when compared with 

untreated maize s ilag e .  Protein s upplementation o f  b oth rations precluded 

the pos s ib ility of an N eff ect ��· The lactic acid content of  the 

limestone-urea s ilag e had b een increased 78% (DM bas is ) by the treatment . 

It was concluded tha t the higher f eeding value of the treated si lag e 

was due to its higher organic acid co · lt.ent . Not all evidence is in 

accord . 

The buff ing ef fects of limes tone , Ca so4 and urea in increas in0 

silage organic acid content , have been widely reported (Byers et al , 

1964 ; S imkins et al , 1965 ; Cummings et al , 1966 ; Johns on et al , 

196 7 ; Johnson and McClure , 1968 : Condon e t  al , 1969 ; S chaadt and 

Johns on , 1969) . Hm�ever , it is questionab le whether th is is ent irely 

desirab le .  While Schaadt and Johnson ( 1969) have shown increased 
I 

proportions of propionic acid in the rumens o f  sheep f ed limes tone 

treated s ilag e ,  and have imp licated this in increased growth ef f iciency , 

Johns on et al ( 1967)  demons trated concurrent reductions in the true 

pro tein content of s i lages treated in this way . Nitrate content of 

silages may also be reduced with limes tone treatment ( Cumming s et al , 

1966) , but the writer considers in contras t to the authors cited , that 

this may b e  of no real benefi t . I t  will be shown in s ect i on 1 . 4 . 3  that 

ni trate levels in normal mai ze s ilage are nutritionally of lit tle 

moment , whi le its reduction to N0
2 

and other nitrop,en oxide gases in 

the silo , aided by limestone treatment , may totally des troy the carotene 

present . In attempts to prevent th is occurrence Meiske et al ( 1963 , 

1965)  added sodium b isulph ite preservat ive to h i�h nitrate silag es and 

success fully raised s ilage , p lasma and liver carotene levels . 

Both Kes ler e t  al ( 1964) and Simkins et al ( 1965) have reported 

reduced intakes of animals f ed limestone treated s ilages . This is not 

entirely surprising in light of the intake depressing effects of high 

levels of lactic acid in s ilages reported by EmerJ et al ( 1961) , Harris 

et al ( 1966) , McCullough ( 1966) and iolalker ( 1968b )  and c ontradicts the 

reported higher intakes of Klosterman et al ( 1961) . Also contradicting 

the repor ts of Klosterman et al ( 1960 , 1961) is the work of Nicholson 

and Cunningham ( 1964) . They reported decreased DM int akes , liveweight 

gains and e fficiencies of gain when yearling heifers were fed limestone 

treated maize silag e .  

In v iew of the inconclus ive nature o f  the evidence availab le on 
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the value of buffer addition at ens iling , it  was decided not to use any 

such material in the production of s ilage for the present s tudy . I t  is 

acknowledga:i hm-rever � that limestone � Cas o
4 

and urea additives would 

provide us eful sources of N ,  Ca and S �  elements which will b e  es tab lished 

in sect ions 1 . 4 . 1  and 1 . 4 . 4  to b e  of marg inal adequacy in maize silage . 

Final ly � the use of enzyme additives such as cellulase , to render 

the les s diges t ible f ractions more diges tib le during ens ilage ,  is an 

interesting c once11t . Cellulas e additions , hm-1ever , have resulted in 

no appreciab l e  degradation of the crude f ibre fraction (Owen , 196 7) . 

1 . 4  SUPPLEMENTATION OF MAIZE SILAGE 

Requirements for protein � energy � vitamin and mineral supplementation 

tdll b e  cons idered in this section .  I t  ir, necessary . however , t o  f irst  

ascer tain whether , given any of the lis ted supplements ,  maize silage 

can be fed alone or whether some less readily identif iab le f actors are 

required in the ration .  

The us e of maize silage a s  a maj or feed component over an extended 

period of t ime appears to have no deleter ious effects . Porter ( 19 50) 

raised heif ers from birth through two lactat ions , and Convers e  and 

Wiseman ( 1 9 5 2 )  took cows through t o  the third generation , mi lking s ome 

for eight years on maize s ilage as the only roughage . Protein rich 

concentrates were fed and a marg inal carotene def iciency was the only 

prob lem reported . Brown et al ( 1966)  also milked cows for two lactations 

. on maize silage as the only roughag e ,  milk production remaining extremely 

high and averaging 23-24 kg /day . 

Waugh et al ( 1955)  found improved DM intakes and milk production 

when lucerne hay reulaced part of the maize s ilage in a milking ration . 

Moreover , Bryant ( 1970)  reported slightly improved gains and intakes 

\·dth increasing quantit ies of grass f ed with maize silag e .  Ho�1ever s in 

both these s ets of work,  the hay or grass provided the only or maj or 

source of protein supplementation , confounding the general e f f ect of 

roughage supplementation with specific protein supplementation . 

In work where protein concentrates have been fed , hay supplements 

have consistently increased DM intakes but have either unaltered or 

decreased milk yields (Rumsey et al , 1963 ;  Brown et al , 1965 ) . More­

over , Huffman and Duncan ( 1954) reported increasing levels of milk 

produc.tion as maize s ilage replaced clover hay in a milking ration 
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at a slightly lower TDN level . 

Both the evidence cited and practical applicab ility of the results , 

led to a decision to feed maize s ilage as the only forage in the pres ent 

study . Cons iderat ion is given to specific supplementation requirements 

in the following sections . 

1 . 4 . 1  Protein or Nitrogen (N) Supplementation 

Reference to tab le 1 .  4 shows that ma:t z e  s i lage may contain suf f icient 

protein for grm,rth rates greater than 0 . 34 kg /day depending on the ase 

and body \veight of the cattle . In fact , Thomas et al ( 19 6 7 )  and Coppocl< 

( 1969) report growth rates in heifers fed maize s ila�e alone , of 0 . 83 

and 0 . 87 kg /day , further confus ing knowledge on its protein adequacy 

for growth , 

l�That is c lear . hmvever , is tha t  the T)r otein content of maize s ila;�e 

is inadequate for e f f e c t ive utilisation of the ener�y availab le . Conrad 

and Hibbs ( 19 6 8) founn tha t  5 . 0  g dig es tib le N was required f or ef f icient 

utilisation of every meg acalorie of DE consumed ( or 31 g dig . pro tein /  

megacalor ie DE) , a lower requirement than was previously thought 

neces sary ( 38- 40 g di� . pr otein /megacalorie DE) . A 200 kp, s te er 

consumin� 5 . 0  kg maiz e s i lage DM or 3 . 5  kg TDN ( 15 , 500 Kcal DE or 15 . 5  

megacalories) , would therefore r equire 480 r, dig estib le pro te in for its 

e f f icient u t ilisation . Al lowing a digestib le crude protein c ontent for 

maize silage of 5 . 7% ,  as used in previous calculations , 285 g ,  or l i t t le 

rlore than half the r equired diges tib le prot ein would be inges ted . I t  

would appear that the suggestion o f  Coppock ( 1969) , that maize s ilage 

may furnish ample protein for growth , is valid only for sub - o p t imal 

levels of gain , highest growth per f ormance in theory requiring protein 

supplementation . 

As can be seen f rom figure 1 . 2 ,  maize s ilage crude protein 

contents f luctuate according to plant maturity at harvest .  The graph 

shows a crude protein content range from 11 . 7  to 8 . 2% over the b lister 

to ripe seed s tages of maturity , although during summer-autumn drought 

it  may not fall at all , Pfander et al ( 1957)  and Huffman and Duncan 

( 1960) recording f igures of 11 . 8  and 14 . 9% respectively f or drought 

injured maize silage at the dent stage of maturity . Als o , high protein 

maize hybrids do exist .  Nevens et al  ( 1955) reported an Illinois High 

Protein variety to have a crude protein content of 11 . 8% when nearly 
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mature , although DM yields were poor . Clearly , the magnitude of responses 

to protein suppleMentation will vary with the maturity of the maiz e  

plant at ensiling , and i t  i s  pos s ible that imrnatu�e silages containing 

11% CP may in fact contain adequate protein for rapid growth . Goodrich 

et al ( 1961) reported no respons es to increased protein levels over 

10% of the ration DM with 270 kg steers gainin� at 1 . 1( kg/day .  Similarly 

Arms trong ( 1968) concludes tha t  grm.;rth responses to protein levels over 

11 . 0% are unlikely in catt
'
!e over 200 k� liveweight . Hm11ever , it will 

be assumed that typical maize s ilaGe harves ted at the dent s tage of 

maturity will have a crude protein content of 8-9% of the DM . 

As feed protein is becomin� l:>oth scarce and expens ive in Ne"r 

Zealand , it was decided to investiRate a potentially cheaper form of N ,  

non-pro tein nitrogen (N".?.N) , as a source of supplemental N f or maize silag e .  

While it  was realised that good quali ty pas ture may provide a moderately 

cheap source o f  supplemental pro t ein ,  its lack of availability at certain 

times of the year � and the fact that it ,.,ould supply nutrients other than 

protein to the ration , precluded its us e .  T'rior to th � feeding of NPN , 

ho,vever 9 cons ideration hc:td to be  given to published evidence on the 

ab ility of cattle to success fully utilise this form of dietary N .  

1 .  4 . 1 . 1  :t:Jon-Protein N itrogen (NPN) Utilisation by :lurninants . 

1-lli ile in 1879 , l.Jeiske first sh cmed that the ruminant could utilise NPN 

( Con raci and Hibbs 9 1968) , it ,.,as not unti l  the longer tenn r,rowth 

work of Hart et al ( 1939) that i t  Has unequivocally demons trated that 

NPN could be utilised in place of at leas t part of the dietary flrotein . 

In the intervening years , a vas t  and confused li terature has evolved 

from innumerab le f eeding trials s and a lack of astute th inking . This 

mass of evidence has been recently reviewed by Arms trong and Trinder 

( 1966) , Armstrong ( 1968) , Chalupa ( 1968) , Conrad and B ibbs ( 1968) , 

Haldo ( 1968) , Oltgen (1969) and Smith ( 1969) . I t  is not therefore the 

wr iter ' s intention to review once more the general f ield so adequately 

covered by these authors . Emerg ing from these  reviews � however , is the 

fact that animal performance on NPN has varied cons iderably , and 

frequent ly been infer ior to performance on natural protein diets . 

Explanations for this in the reviews have tended to b e  inconclus ive , 

and its relevance to the use of  NPN in the present s tudy necess itates 

its further discus sion . 

I t  would appear that two maj or factors are involved . Either the 
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rumen reicrob ial population is unab le t o  eff ectively utilise the ammonia 

released by the rapid hydrolysis of NPN in the rumen (Olt j en et a l ,  1962 ; 

Clifford and Tillman , 1968) or , the mj_crob �_ al protein synthe sised in 

the rumen and d igested and absorbed from the lmver tract ; the maj or 

source of amino acids (��) availn� le to the r�inant _ on high NPN diets 9 may 

have limitations in terms of its amino acid content ( Chalupa , 196 8 ; 

Olt j en 9 1969) . 

The dearth of literature on the es sential ami�o acid requirements 

of ruminants led the writer to survey � in unpublished �mrk , relevant 

data on the requirements o f  non--ruminants .  rats , chicks , pigs and 

hunans (MC , 19 6 3 ; Allison , ' l964 ; Hegs ted , 1964 ; ARC , 1956) , and 

develop an amino acid requirement pattern considered likely f or ruminants . 

Work by Black et al ( 1952) demons trating the uniformity of somatic AA 
metabolism between ruminants and non-ruminants tended to justify this 

approach . 

Compar ison of this pattern with the essential amino acid content 

of rumen bacter ial protein (protozoa disappearing fron the rumen with 

high NPN diets ·- Virtanen , 1969) recorded in a number of s tudies 

(Loosli et al , 1949 ) Duncan et al , 195 3 ;  Walker , 195 7 ; Purser and 

Buech ler , 1965 ; Schellin� et al , 1967 ) , and adj usted for individual 

am-ino acid availabili ties ( Loosli et al , 1949) , revealed tryptophan as 

likely to be first limit ing . Blood plasma es � ential amino acid ?atterns 

tended to confirm this findin8 (Oltj en and Putman , 1966 ; Schelling et al , 

1967 >  Clifford and Tillman , 1968) , Whi le some of the evidence from 

limiting amino acid s tudies reported the literature would support this 

contention (Ellis et al�  19 5 9 ;  Barth et al , 195 9 ; McLaren et al , 1962) , 

apparently contradictory evidence can b e  found (Berp.en et  al , 196 8 �  

Fr�itag et al , 196 8 ; Klopfens tein et  al , 1966 ; Purser e t  al , 1966 ; 

S chelling and Hatfield , 196 8 ;  and Devlin and Woods , 1965) . 

While the writer considers the es sential amino acid tryptophan 

to be implicated in the reported inferior performances of ruminants 

fed NPN , the extreme contradictory nature of the literature would tend 

to indicate that microbial protein amino acid composition is probab ly 

not the maj or ca�s e  of depressed animal performance on NPN . For this 

reason supp lemental amino acids were not cons idered for the pres ent study . 

The other factor implicated in the poor performance of ruminants 

on NPN was the ab ility of the rumen microbial population to efficient ly 



utilise the ammonia released in the rumen . This would depend on the 

degree o f  adaptation o f  the rumen microbes to the unusual f eed f orm ,  

microbial requirements for specific amino acids and carbon skeletons , 

and the energetic adequacy of the ration . 

Adaptat:ton r espons es to NPN feeding h ave been inves tigated by 
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a numb er o f  workers and their occurrence conf irmed ( Smith e t  a l ,  1960 ; 
Barth et al , 1961 : McLaren et al , 196 5b ; Virtanen , 1966 and 1969) . 

Duration o f  the response has f luctuated but has been recorded as 
continuing up to 6 mon ths , clearly precluding the us e of change-over 

designs in experiments utilising NPN . Th is was one �f the reasons why 

a conttnuous des i;.;n r,;as employed in the present study and could w·e11 
account for depress ed animal performance on NPN in some short term work . 

The requi�ement of certain rumen microbes for specific carbon 

skeletons ( e . g .  branched chains and amino acid� ( Barth et a1 , 1950 ; 
Allison et al , 196 2 ; Gos sett et a 1 ,  196 2 ;  McLaren et  al , 1965a ; 
Rook et al , 1965 ; C l:i_ne et al , 1966 ; Hungate , 1966 ; Freitag et  a l ,  

1968} has also been implicated in disappointing respons es t o  NPN 
feedin; . However . in 19 4 9 ,  Loosli et al unequivocally demons trated 
that the ten essential amino acids could be synthesis ed in the rumen , 

and it is nmv clear that symbiotic r.'licrob ial re lationships supply the 

specif ic carbon skele tons normally derived from dietary protein 

(Virtanen , 1966 ; 0rsko� and Olt j en,  196 7 ) s provided the carbohydrate 

or energy fraction of the ration is  adequate 9 both qualitatively and 

quantitatively (Conrad et al , 196 7 ;  Clif ford and Tillman , 1968) . 

One energetic limitation immediately apparent �vith NPN f eeding 

is that impos ed by the condition of anaerob iosis in the rumen . 

Bauchop and Els den ( 1960) showed quite clearly that in anaerobic 

sys tems the dry weight of microb ial protoplasm synthesis ed �.ras d irectly 

proportional to the amount of ATP produced , and in such sys tems , only 

4 moles of ATP are p roduced from the f ermentation of one molecule of  

gluco s e � compared with the 38 moles ATP under aerobic conditions . 

Even where some protein is included in the ration as in the present 

study , Bergen et al ( 1967) and Smith ( 1969) h ave suggested that up to 

80% of this may be broken down and require r esynthesis . 

The writer , in unpublish ed work , has used the technique of 

Walker ( 1965 , 1968a) and the purified diet data of Virtanen ( 1966 , 

1969)  and Oltj en and Putnam ( 1966) to estimate the potential microbial 
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protein yield per 100 grams of carbohydrate fermented in the rumen . 

I t  was calculated to be 18 . 0  g protein /lOO g CHO f ermented , a f igure 

very s imilar to  Halker ' s  more recent calculations as reported by Hume 

and Bird ( 19 70 ) . The in vivo protein s ynthesis s tudies by Conrad et al 

( 1967) , Hogan and Weston ( 1967) , Hume ( 1970a � 19 7 0b) and Hume � al 

( 19 70) tend to add credence to the accuracy of the writer 1 s  estimated 

potential .  From this calculation , and again us ing the data o f  Virtanen 

( 19 6 9) , it i� concluded that while for milkinr, cows the condition of 

anaerobiosis may well  impose a limitation on milk yield at high levels 

of NPN feeding , for growing animals with their lesser protein 

requirements this is unlikely . 

This , however , is not the only energetic consideration in the 

utilisation of NPN . Balch (1967)  rather elegantly points out that 

while protein in a diet is limit ing , the respons e to its addition is 

rectilinear . Once energy becomes limiting , however 1 the respons e to 

added protein diminishes and the r elationship beco�es curvilinear . The 

fall in apparent b iological value is associated with the us e of  prote:i.n 

as  an energy s ource . While protein addition to a ration where energy 

is limiting ivill in non-extreme cases s till give a response ,  alb eit a 

smaller one , NPN , b ecaus e it contains little or no available energy , 

can g ive no positive response whatsoever . Clearly , exper imental work 

involving isonitrogenous substitution of NPN f or protein will not only 

alter the quality of the dietary nitrogen , but will als o  alter the 

shape of the r ecipients N response curv e .  It \vill in fact lower the 

point , in terms of N addi tion , at Hhich the dietary energy level 

b ecomes limiting .  In eff ect , the p otential for nroduction on the 

ration is automatically lowered , and it s eeros likely that th is factor 

is responsib le for many of the repor ted poor respons es to NPN f eeding . 

In this light it is interesting to note that NPN addition to rations 

with excess energy (Bond e t  al , 196 2 )  � or where isonitrogenous and 

isocaloric NPN substitutions for protein have b een made (Balch 1 1967 ) , 

NPN has produced growth rates and e f ficiencies of  gain o f  a level 

similar to those resulting from the us e of natural prote�n . 

Finally , the quality of the carbohydrate or energy fraction of 

the ration may also determine the ene rgetic adequacy of the ration. 

This inf luences the rate of supply o f  energy to the microb es following 

feeding , and f or efficient NPN utilis ation mus t be matched to 
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the rate of supply of  ammonia . While Hart e t  al ( 1939) found that mos t 

efficient utilization of NPN occurred when s o lub le carbohydrate (CHO) 
was fed in the ration , Mills et al ( 1942) showed s tarch to be the mos t 

suitab le form of this carbohydrate . The actual quantities of solub le 

carbohydrate requtred have recently been es timated (McLaren et al , 1965b ; 

Conrad and Hibb s , 1968) , the la tter authors finding that for the 

effi.cient utilisation of urea in the adapted cow s one kg of readily 

fermentab le carbohydrate must be pres ent in the diet per 100 g o f  urea 

fed .  Moreover , two thirds of  the required s o luble carbohydrate had to 

be in the form of s tarch . Confirmatory evidence has been presented by 

Virtanen ( 1966) , who showed that the propor tion of starch in purified 

!�N rations , fed to lactating cows s could not be reduced below 55% of  

the total carbohydrate ( 70% of s oluble carbohydrate) without an 

associated drop in milk production . 

!he question immediately arises , in light of the present s tudy � 

v1hether maize silage contains sufficient soluble carbohydrate . includinr, 

starch 7 to enable efficient utilisation of su��le�entary NPN .  �rovided 

this last requirement is me t there seems little reason why , if maize 

silage nrotein levels are def icient for grm�th ) NPN sunplementation should 

not adequately rectify the def iciency . 

1 . 4  . 1 .  2 NPN Supplementation of Haize Silage _ Johnson et al 

( 1967) have su�gested that maize silage may be one of the f ew f orages 

conduc ive to the reasonab ly efficient utilisation of NPN. They argue 

that it produces in the rumen a lower pF than many feeds , under which 

conditions the NH4 ion predominates and is less rapidly absorbed than 

the free ammonia '�hich is more abundant at higher pW s .  Horeover , 

they suggest that the high lactate content of  maize silage may provide 

a sub s trate for rapid fermentation with hydrolysis dynamics similar to 

those of NPN . 
However , the maize plant has been shown by Johnson et  al ( 1966b) 

to contain between 200 and 300 mg soluble carbohydrate per g DM at h arves t .  

I t  was also sh�n1 that 6 5-70% o f  this soluble carbohydnate was fermented 

during ens iling , l eaving about 90 mg soluble CHO/gDM. If  5 kg urea are 

added per 1 ,000 kg o f  who le plant maize s ilage (33% DM) ( sufficient to 

raise crude protein content four percentage units to approximate ly 12%) , 

and a 90% recovery of urea is assumed (Ryley , 1967) , the silage would 

contain 0 . 0135 g urea/g DM , and for every 100 g urea , only 6 70 g ( 0 . 67 kg) 



soluble CHO � well short of the 1 , 000 g required for eff icient urea 

utilisation (see section 1 . 4 . 1 . 1) .  On this b as i3 , Coppock ( 1969) has 

sugges ted in his review that maize silage may c ontain insufficient 

solub le carbohydrate £or efficient use of urea . 

However , Copp o ck (1969) has overlooked one important factor . 

That is , that the solub le carbohydrate determination method of 

Johnson et  al ( 1966b) is unlikely to extract s tarch , a readily 

fermentab le carbohydrate included in the requirement es timation for 

eff icient NPN utilisation of Conrad and Hibbs ( 1968) . 
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Mos t  of the carbohydrate f ermented during ensi ling s eems to come 

from the cold-water--solub le carbohydrate fraction of the stalks of the 

corn plant (Johnson et al , 1966b ) , dropping the pH rapidly and preserving 

the s tarch in the grain . Horeover , lactic acid is the predominant 

fermentation product (Barnett , 1954 : Johnson e t  al,  1967)  and it has 
been reported by Watson and Nash ( 1960) that energy losses of  only 

2-3% may b e  sustained in its production. �.fui le it would not be 

included in the solub le carbohydrate fract ion of the silage (Johnson 

et al , 1966b )  but rather the ether extract fraction (Barnet t ,  1954) , 

it may w·ell IJrovide an energy source v7ith appropriate breakdmm dynamics 

for urea utilisation (Johnson et  al . 196 7) . Conf irmatory evidence 

comes from the work of Klos terman et al ( 19 6 1) where limestone-urea 

additions at ens iling , which would further reduce the solub le carbo­

hydrate content and increase the lact ic acid content of s ilage , did 

not detrimentally affect liveweight gain . 

In light of  this background , studies of  the NPN suppl�entation 

of maize silage in productive rations should b e  of interest .  

Where NPN , mainly urea , has been f ed in maize silage based 

milking rations , r esults have var ied . Conrad and Hibb s ( 196 1) , Van 

Horn and Jacobson ( 1 9 7 1 ) , and Van Horn and Mudd ( 1971) reported 

negligible or very poor responses to NPN supplementation . In th e 

latter two cases lfPN was added to the concentrate part of the ration , 

a procedure which tends to depress DM intake (Van Horn et  al , 1967 ; 

Huber et  al , 1968) . Moreover , not only were comparison periods short 

( 3-4 weeks) , hardly allmdng time for animal adaptation , but insuf f icient 

attention appeared to b e  directed towards keeping rations isocaloric 

as well as isonitrogenous . Where this was done (Van Horn et al , 196 7 ) , 

and urea was added t o  the maize silage part of the ration , milk yields 
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compared favourably with natural protein \soy bean) supplementation . 

In keeping with this , work by Huber et al  ( 1967a , 1967b , 1968) and Polan 

et al ( 1968) has shown that NPN can replace up to 38% of  the required 

ration protein without depressing milk production , and can enable the 

level of  protein in concentrate supplements to be reduced from a 

typical 18% to 10% crude nrotein.  However , Conrad and Hibbs ( 19 61) 

clearly showed that urea could not replace all of the supplementary 

prote in required for high levels of miL� production on maize s ilage . 

l.Jith the lmver protein requirements for growth . results of  NPN 

supplementation trials have been characteristically different . In 1941 ,  

Harris and Hitchell found maize silage rations ( 5 . 35% CP) , supplemented 

with s tarch , corn syrup , brown sugar , salt mixture and citric acid , 

were unable to support appreciab le grow·th in lambs or even cons istently 

maintair- their nitrogen equilibrium . Addition of urea to bring the 

ration to 11% crude protein produced normal growth rates . H�vever , 

whether maize silage rations without the supplemental s tarch would have 

responded to the urea addition remains unclear . In contras t ,  Thomas 

et al ( 1967)  failed to show cons istent benefit from urea supplementation 

of  maize silaRe f ed alone to 250 kg heifers growing at 0 . 83 kg /day . 

That s oy bean l:'leal ( SBi'1) supplements were also of no b enef it would 

suggest  an unusually high level of protein in the silag e .  Tolman and 

Hoods ( 1966) found urea supplements to be less satis factory for growth 

of calves than SBH , a result s imilar to that of Owens et al ( 1967) , 

although in the latter cas e  the dif ference 'vas significant only for the 

first 40 days $ the adaptation response a�ain confounding results . In 

neither of these s tudies �1as an unsupp lemented control reported , this 

factor limiting the interpretation of the results . �ihere unsupplemented 

maize s ilages h ave been incorporated in the design , S chmutz ( 1966 : Cited 

Coppock , 1969)  lifted growth rates of heifers from 0 . 86 to 0 . 95 kg /day 

with urea , and Ryley ( 1967)  reported increased growth rates similar 

to tho se recorded with SBH supplementation . Us ing maize silage 

containing 1% urea (wet basis) and shelled corn , Klosterman et al . 

(1970) recorded high growth rates o f  1 . 13 kg /day w·ith cattle . Further 

high quality supplemental protein (SBM) was of no value whatsoever . 

This level of addition of urea , however ( 1%  of fresh weight) , 

is h igher than the accepted nonn (0 . 5% of fresh weight) . It is 

generally considered tht NP� intakes should not exceed 0 . 45 kg / 



1000 kg Ul (Huber et al , 196 8 ; Hillman , 1969) and cattle eating the 

silage of Klosterman et a l  (19 70) would have b een consuming 0 . 75 kg 

urea/1000 kg LW .  Whether this level of urea could be utilised 

effectively without the supplemental s tarch fed is not known . 
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It  would appear from this not entirely inconsis tent evidence 

that where maize silage is deficient in protein � NPN supplementation 

can produce responses . ��ether , however , extra s tarch is required to 

achieve best utilisation of the NPN requires further inves tigation . I t  

i s  expected that the present study will cast some light on this 

question .  

1 . 4 . 1 . 3  Choice of  NPN Supplement . Sources of NPN cons idered 

f or the present study were urea and biuret , a reflection of NPN 

availab ility in New Zealand . 

The palatab ility (Armstrong and Trinder , 1966) and toxicity 

(Repp et al , 1955) prob lems associated with urea feeding , in addition 

to the prob lem of matching carbohydrate fermentat ion to its rapid rate 

of hydrolysis , led to cons ideration of the more slm1ly hydrolysed 

b iuret ( Campbell et al , 1963) as a more sui tab le NPN source . 

Artif icial rumen s tudies on the suitab ili ty of biuret as a 

nitrogen supplement by B elasco ( 1954) showed it to  produce only 7% of 

the cellulose digestion stimulated by urea supple�ents ,  bacterial 

growth also being poor . A s imilar result was reported by Meiske et al 

( 1955) , indicating biuret to be very poor ly utilised by rumen microbes . 

Despite this , Ewan et al (1958) � working with lambs , reported 

only slightly lower N retention , and Campbell et al ( 1963) , slightly 

lower liveweight gain of cattle , for biuret supplements in compar ison 

with urea . In neither case was the difference s tatist ically significant . 

Moreover , working with sheep and lambs , Gaither e t  al ( 1955) making the 

same comparison reported no dif ference , while Hatfield et al ( 1959) 

and Karr et al (1965b) found greater nitrogen retention with b iuret 

than urea . In terms of milk yield . (Wa:f.te et al , 1968) , and lamb and 

s teer growth rates (Meiske et al , 1955 ;  Karr et al , 1965a ; Mies et al , 

1967 ; Owens et al , 196 7) , either no differences , or advantages in 

favour of b iuret were reported . This evidence is in complete contrast 

to the in vitro work cited earlier and must warrant further discuss ion . 

The f inding by Ewan et al ( 1958) that a 70% increase in N 

r etention , with lambs fed biuret , resulted from innoculation of their 
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rumen contents with microbes from sheep fed b iuret over a prolonged · 

period , would indicate a very low level of biuret uti lis ing microbes in 

the rumen of anime.ls on normal rations . This is in contrast to the 

s ituat ion with urea feeding where salivary urea is continually being 

hydr olysed in the rumen on all rat ions . 

A marked adaptati on respons e t o  biuret f eeding is indi cated , and 

Campbell et al ( 1963) , Johns on and McC lure ( 1964) , Karr et al ( 1965b)  

and Oltj en e t  al ( 1969)  have reported increasinr, uti lis ation of b iuret � 

and animal grmv th rates up t o  40 days on die t � �ve11 beyond th2 time 

u t i l isation of urea ceased increas inP . This response s eems a likely 

exp lanat ion for the very poor uti lis a tion of b iuret reported in the 

early in vitro s tudies (B e lasco � 1954 ; Meiske et al , 1955) . 

Both Camnbell et nl ( 196� and Johns on and �1cC 1ure ( 1964) have 

reported very loH ammonia production from in vitro incuba tion of 

b iur et v7i th rumen mtcrob es from adapted sheep . Moreover , wh i le 

Campbell et  al ( 1963) and O lt j en et al ( 1969) reported s ligh t  rumen 

ammonia incre as es in vivo f o llowing biuret feeding , Repp et al ( 1955)  

under simi lar circums tances f ound no changes i n  b lood ammoni a levels . 

Amn1onia , abs orbed r eadi lv from th e rumen . is converted to urea 

by the liver , very lit t le ammonia normally appearin� in the peripheral 

b lo od . Hith urea feeding h owever , the abs orntion of ammonia from the 

rumen can become so great that the liver cannot cope with the load and 

ammonia spills over int o the peripheral circulat i on .  !unmoni a leve ls 

o f  about one mg / 100 ml o f  b lood have proved fatal to sheep ( Repp et  al , 

19 5 5 ) . 'vith b iuret producing only half the ruminal ammoni a concentrations 

of urea (Oltj en et al . 19 6 9 ) , this overloading of the liver appears not 

to occur and hence the repor ted non- toxici ty of b iuret even at many 

t imes the lethal dose of urea (Repp e t  al , 1955 ;  Berry et al , 1956 ; 

Hatfield et a l ,  19 59) . 

S ince b iuret is tas teless ( Arms trong and Trinder , 19 66)  it migh� 

b e  expected to be associated with more satis factory levels of intake 

than the b itter-tas ting urea. 'fui le <ftvens et al ( 1967)  reported greater 

f eed sorting and refusals lvith growing cattle fed urea , in comparison 

with biuret , Olt j en et al ( 1969) actually reported greater DM intakes 

on rations supplemented wi th b iuret ( 2 . 5  versus 2 . 2% of b ody weisht for 

b iuret and urea respectively) , indicating b iure t to be less s erious ly 

a f f licted by the palatab i li ty and intake prob lems of urea in productive 

rations . 
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In the practical s itua t ion , s upplemental NPN is generally added 

to maize s i lage at ensi ling . T�i le it is not the int ention of the 

w�i ter to b ecome involved in the controversy s urrounding the nutr iti onal 

b enef i ts or adv er s e  effects of th is practi ce � it is wor thy of note that 

b iuret has a much les s er e f f e c t  on the ens ilage proces s than urea , 

tend ing to b e  more s tab le and less prone to nitro<!en l o s s  ( Karr et al � 

19 65h ; Condon e t  al . 1969 ) . 

Finally , reports on s tudi es o f  th e suitab i li ty of b iuret as an 

N?N s upp lement f or r:.aize sila�e are sparse . Results Y7i th grmv-ing 

lamb s and s t eer s have indi caterl s li�ht advan tages in f avour of b iur et 

( Karr et al , 19 6 5a ; Owens et al , 19 6 7 ) . 

B iuret ' s  freedom from t�lC pal: :� ,'l'� i '.:!.ty nnd t ox i c i ty prob lcns o f  urea . 

and i t s  b e im1 at leas t as s at is f ac otry as urea nutritionally , led to 

its choice for the present s tudy , des p i t e  the lonr. er ada? tation period 

required for i t s  effective uti lisat ion . 

1 .  4 .  2 Energy S upp lementation of �{aize S i lage 

Haize silaGe is gene ra l ly cons idered to be a high energy feed 

( Copp o ck , 1969 ; Hillman , 1 9 6 9 ) . Certainly , cons iderat ion of tab le 

1 . 4  reveals that �ai ze s i lage contains cons iderab ly more energy (TDN) 

than is required f or a grovJth rate in young ca t t le of 0 .  34 kg /day .  

In fa c t , on the basis of th e Horrison ( 19 5 7 )  f eed r equirements , maize 

s i lage would c ontain s u f f i c i ent energv f or ' rapid growth ' ,  provided 

an intake lev e l  of 2 .  5 kg I 100 kp. !N c ould be ma:l.n tained . 

Undoub tedly anina l per f ornanc e on nai z e  s i lage could b e  improved 

by energy supp l ementa tion , but this in Ne1v- Z ealand �v-ould be ex t::emely 

expens ive and likely uneconomi c .  For th es e r eas om no energy supplements 

\V"ere us ed in th e pres ent \oJOrk although the nos s ib le value of special 

types of energy supp lement to improve th e uti lis ation o f  non-protein 

nitrogen has been ment i oned ( s ect ion 1 . 4 . 1 . 2 ) . 

1 . 4 . 3  VitPmin S upp lementat ion 

Of th e es s ential fat s o lub le vitamins , vitamin A and D deficiencies 

have b een imn li ca ted in maize s i lage f eeding (Hillman , 1969) . 

The vi tamin D c ontent o f  mai z e  s i lage h as b een found t o  r ange 

from 2 69 to 364 USP vitamin D uni ts /kg DM (Bech tel et al , 1936) . Daily 

inges tion of maiz e  s i lage a t  the level o f  0 .  7 to 1 . 0 kg / 100 kg liveweight 

was f ound to b e  effective in . curing and preventing r i ckets in year l ings , 



and also supplied sufficient antirachitic material for growth and 

reproduction in dairy cows (Bechtel et al , 19 36) . However , green 

maize leaves have b een shmm to contain very little vitamin D 
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(Bechtel and Hopper t ,  1936) and i t  is therefore possib le that immature 

silages may have a vitamin D deficiency . I t  would s eem though 9 that 

typical maize silage made at the dent or glaze s tages of maturi ty , when 

the lmver leaves have dried , as Has the:cas e in the pres ent s tudy , is 

extr �1ely unlikely to be deficient in this respect . 

Carotene or �re-vitamin A contents of maize s ilag e ,  recorded in 

the li terature , range from 4-156 ppm (DH basis l , values for typical 

farm si lages averap,ing from 10 to 70 ppm (Wis eman et al , 19 38 ; Huffman 

and Duncan , 1960 < Coppock , 1969 ; Hillman , 1969) . 

Carotene content is again fairly clearly related t o  plant 

maturity � decreasing from 140 ppm at the mi lk stage to about 18-33 ppm 

at the dent s tage of  maturity (Wis eman et al , 1938 ; Huffman and 

Duncan , 1960 ; Coppock , 19 69) . In  bri ef , the greener the plants at 

harvest ,  the higher their carotene content is likely to b e .  Contrary 

to popular misconception, even yellrn·r maize varieties contain little 

vita�in A precursor in the grain (Wiseman et al , 19 38) . 

A number of factors ass oc iated with the ens ilage process are 

also knmvn to affect silage carotene content . It  has been shown that 

generation of heat sufficient to brmv-n the si lare will a lmos t totally 

des troy the carotene present ( Bechtel et a l ,  19 43) , while the addition 

of calcium carbonate or urea can effect a carotene reduction from the 

normal 20 ppm to 10 ppm ( S imkins et a l ,  1965 ; Ryley , 1967) . Als o , 

the high plant nitrate levels , resulting from heavy nitrogen fertilization 

(Zimmerman et al , 196 2 ;  Cumrnings et al , 196 5 ;  Owen , 19 67) , or drought 

conditions (Loomis , 19 37) , have b een shown to des troy carotene during 

ens Uing (Hright and Davidson , 1964) . S odium bisulphite additions have 

been f ound to effectively prev ent  this des truction (Meiske et a l ,  1963) 

by b locking the reduction of No
3 

to the h ighly destructive No
2 

(Meiske 

et al , 1965) , which o�curs during ensiling ( Jacobson and Wis eman ,  1963) . 

While plasma and liver carotene levels of cows eating the b isulph ite 

treated s ilages were effectively raised , associated production b enefits 

were not reported (Meiske et al , 1963) . 

I t  would appear that the 230 kg growing s teer requires about 

30 mg carotene/day (Morrison , 19 57 ; NRC , 19 70) . With an extremely 
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mature s i lage ,  or one �"here carotene has b een des troyed during ens iling 

leaving only 5 ppm , and with an intake of f our kg DM/day , a carotene 

deficiency is clearly possible . Rm.,ever , with typical mature maize 

silage containin?, 20 pum carotene , sufficient carotene f or rapid growth 

should in theory b2 inges ted . 

Despi te this 9 Jordan et al. ( 19 6 1) and Zimmernan et al ( 1962) 

have reported decreas ed liver vitamin A levels in �rowing s teers 

follm.,ing 133  and 79 days respectively on maize silage rations . More­

over , l\Tiseman et al ( 1938) cons irl.ered a vitamin A deficiency to be  

resnons ib le for calf deaths when cm-1s were f eci maize silage for itve 

lactations � and J0rdan et al ( 1963)  found vitamin A deficiency symptoms 

in steers f ed maize s ilage over the winter and spring periods . In mos t 

of this work s ilage carotene levels i<7ere not unduly low and in the 

case of the s tudy of Jordan et al ( 1963) , supplemental vitamin A 

( 7000-8000 I . V .  daily) was actually fed to no avail .  This evidence led 

Hemken and Vandersall , in their 1967  review , to expres s the vi�v that 

cattle fed maize silage convert i ts carotene to vitamin A poorly . 

The p oor carotene metabolism in the s tudy of Jordan et al ( 1963)  

seemed to be  exaggerated in the pres ence of  nitrate and rectified by 

the adminis tration of the thyroid hormone , triiodothyronine . The knmo1ledge 

that carotene uti lis ation is influenced by thyroid activity (Hoore , 1957)  

and that nitrate has an inhibitary effect on thyroid activity (Blomfield 

et al , 1964) , together with the finding of Garner et al ( 1958) that rats 

became rapidly depleted of liver vitamin A s tores , showing vitamin A 

deficiencies when fed nitrate containing rations led to an extensive 

literature on the chronic effects o f  ni trate in maize s ilag e .  The 

assumpt ion , based on the nitrate-carotene syndrome with rats , was that 

the nitrate effect was mediated via the thyroid . However , as pointed 

out by Wright and Davidson ( 1964) and Goodrich et al ( 19 6 4) , nitrate 

levels acutely toxic to ruminants would be r equired to interfere with 

iodine and thus vitamin A nutrition . 

In this light it should b e  noted that the pos itive vitamin A 

response r ecorded by Jordan et al ( 1963) on administration of 

triiodothyronine to steers l..ras only circums tantially linked with nitrate 

in the s ilag e ,  and in f act , the authors themselves cons ider high 

temperatures  rather than nitrate to  have been inhibiting the thyroid . 

Apart from this one piece of  evidence of  a pos sible nitrate-carotene 
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link in ruminants ,. demons tration of  the nitrate-carotene ef fect appears 

to have b een confined to monogas trics . 

�Hth the demons tration by O ls on et al ( 19 63) of the potent 

carotene des true ti  ve �lronerties of nitrite in acid condi tions , it would 

s e em  that w i th normal dietary nitrate /ni trite levels i the nitrate­

carotene ef f ec t  in non-ruminants is caused by the des truction of carotene 

in the acid s tomach . I n  the near neutral cond it ions of th e rumen this 

d oes not occur (Olson �t al ( 19 6 3 )  and the ran id abs orption of ni trite 

(Wright and Davids on , 19 64) prevents it from r eaching the acid abomasum 

thus avoiding extens ive carotene des truct ion , 

A numb er of workers have produced evidence supporting this thes is 

of the non-s igni ficance of the chr oni c nitrate-carotene effect in 

ruminants .  Davison et al ( 19 6 3 )  f ed 0 ,  20 and 30 � ni trate /day to 

Ho ls tein heifers either j us t  b efore or durin�>; their f irs t pregnancy . 

�.Jhile the hip,hes t level of ni trate w.qs fatal to one heif er , thos e 

r emaining d id not d iffer in rate of growth , lenp th of ges tation ,  b irth 

weight of calves , rate of milk product ion or liver vi tamin A res erves . 

A s imilar result with lact ating cmvs fed maize s ilag e (0 . 78% KN03 + 

1 . 25% KR03) is reported by Jones e t  al ( 19 66 ) , and Heiske .e t al ( 1965)  

�ctually r ep or ted elevated liver carotene with dairy cattle f ed 

maize si lag e \vit!1 rais ed nitrate ( 0 .  9% N0
3

) and carotene levels throu1�h 

sodium netab isulphite treatment . 

Hith p;rmv-inr; s t eer s l>Jeich enthal et al ( 19 6 3) reported no 

inf luence on liver vitamin A levels from addinr, 1% Na N0
3 

to the ration .  

t1oreover , b o th Jordan et al ( 19 6 1) and Z irmnerman et al ( 19 6 2) found no 

effect on liver vitamin A content from feedinrr, normal or h igh nitrate 

maize s i lages ( 0 . 16 to 0 . 75% N0
3

) . In fact , s teer growth rates were 

h igher on the high nitrate , than on the lower nitrate maize s ilages ; 

pos sib ly a r ef lect ion of  protein content . 

The weight of evidence would indicate that the level of nitrate 

in maize s i lage required to interfere with v i tamin A nutrition cannot 

b e  dis tinguished from the level that would caus e acute toxicity . 

Nitrate has b een fed in maize silage rations successfully up to levels 

of  1 . 67% ( Cummings et a l ,  1965) and 1 . 2 5% (Jones et al , 19 66) , Wright 

and Davidson ( 1964) sugges ting a ration containing about 2% N03 to b e  

lethal to 50% o f  ruminants consuming it . Even in maize s ilages .. produced 

with extremely high levels of nitrogen fertili zer (900 kg N /ha) , or 
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treated with preservatives � nitrate levels have not been recorded above 

0 . 9% of DM ( eummings et al , 1965 ; l'1eiske et al , 1965) . Only with 
s everely drought injured maize si lage could nitrate content r each thes e 
dangerous levels (Loomis e t  al , 1937 ) . 

There \vould seel"l to be no sub stantiated r eason why carotene from 
mai ze s ilage should not b e  effectively utilised by ruminants . In f act , 
much evidence would indicate quite s atisfactory utilis ation . Hh ile 
�dth lac tating cmvs fed maize s ilag e  through two lactations , Brown et a l  
( 19 66) found quite normal nlasma vitamin A levels , Mar tin et  a l  ( 19 6 7 )  
reported dep leted plasma and liver vitamin A levels in lambs to  b e  
re turned to  nornal wi th maize s ilage f eeding ( 2 3  npm carotene DM basis) . 
A s imi lar result with growing s teers is reported by Klos terman et al 

( 1964) , �iller et al ( 19 67 ) , also f indin� maize s ilage to be quite 
satis factory as a carotene source for grmving catt :i.e . 

The occas ional reports of  depleted liver vi tamin A s tores on 
maize s ilage ( Jordan et al , 196 1 ;  Zimrnerman et a l , 196 2 )  are not 
surpris ing :i.n view of the variab ili ty in maize s i lage carotene cont ent , 
and the finding that it t akes f ive times the vitamin A to maintain 
liver s torage than to prev ent the a�pearance of d eficiency symptoms 
( Jordan et a l ,  19 63) . 

Cons ideration of the evidence leads to the conc lus ion that 
vitamin A supp lementati on of maize s ilage for ruminants should not be 
necessary unless a unique comb ination of circums t ances prevails . For 
th is reas on vitamin A supp lements r-1ere not used in the pres ent s tudy . 

1 . 4 . 4 Mineral Supplementation 

vfu ile Johnson et al ( 1967)  contend that maize silag� is 

inherently deficient in ea and P ,  Hillman ( 19 69) extends this lis t 
c laiming it to be low in S ,  ea and Na , borderline in P ,  and oossibly 

deficient in eo and I .  That maize s i lage feeding will reduce mineral 

intake in comparis on \vi th pas ture grazing , is undoubtedly true . 

However , reports of Na and Co deficiencies are not readily apparent in 

the literature , althoup.h an I deficiency has b een implicated in an 

i solated report of  a goitre problem (Hemken and Vandersa11 , 196 7 ) . 
As indicated in s ection 1 . 1 . 2 ,  it would s eem that P ,  Ca and 

also S are the minerals most likely to prove deficient . Moreover , such 

incipient deficiencies may be precipitated when supplemental NPN 

replaces a large part o f  the plant protein in a diet , proteins being 
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B oth S and P appear to be important in NPN uti lisation 

(Burroughs et al 9 19 51 ; Thomas et  al , 19 5 1) , but unfor tunately a 

dearth of  information exists on the value of  phosphorus , as is the 

case with calcium , SU?plementa tion of  maize s i lage . A c ons iderab le 

effort , h owever , has been directed towards sulphur nutri tion , 

possib ly indicat in.� its imoortance in maize si lage feeding . 

I t  seems that sulphur requirements are re lated to nitrogen 

level in the ration , an N /S ration of 10 / 1  bein?, required (Alla,�ay and 

Thompson , 1966) . �ai ze silage has a typical N/S ratio o f  13 / 1 , the 

addit ion of 0 . 5% ur ea widening this to about 18/1 . Respons es to S 

supplementation , hmvever , have b een variab le .  

B o th Davis et  al ( 19 5 4) and Jacobson et al ( 19 6 7 )  failed to 

find any respons e from S supplementation of maize silage rations fed 

to lac tating cows . S ince it can be calculated that the N/S ratios of 

the maize s i lages fed '�ere 5 / 1  and 1 2 / 1  res pective ly ( i . e . with in and 

near requirement respectively) , S supplementation respons es could 

har d ly be expected . 

Wi th growing calves fed maize s ilage and ure a� Tolman and Woods 

( 1966) found no resronse to S supp lementation . The N/S ratios of the 

rations fed were unfortunately no t reported . �?hile Shively et al 

( 1966) recorded an initial res pons e to S sunp lementation with growing 

cattle on a 17 / 1  N/S  r�tio , high urea diet , it did not l as t  beyond 
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three months . Good rich et al ( 196 7 )  hm�ever , rerorted S supplementation 

of high ur ea diets to �ive cons is tent responses in both growing cattle 

and lamb s . 

Interpretation of this data is difficult . It has b een sugges ted 

(Allaway and Thompson , 1966) that when the yi eld of a f orage is increased 

throup,h the use of S fertilis ation , an improvement in nutritive value 

for ruminants will coincide with the increased yields . B eyond th is , 

where maize s ilage is fed with NPN , effici ent uti lis ation .of th e N 

fraction may require S supplementation . However , care mus t  b e  taken 

in adding supplemental S as it has b een shown to precipitate incipient 

molybdenum toxicities (Vanderveen and Keener , 1964) . 

On the basis o f  the avi lab le evidence it was decided to supp ly 

a mineral supplement containing Ca , P and S for the present s tudy 9 as 

it was contrary to the purpos e o f  the experiment to have such factors 



limiting the uti lis ation of the supplement al NPN . 

1 . 5  CONSIDERATION OF EXPERIMENTAL DESIGN 

34 . 

The obj ective of the present s tudy as outlined in the preface , 

was t o  inves t igate the nutritive value o f  maize s i la�e for gr·owing 

cat t le , with nar t i cular emphas is on i t s  protein adequacy . The ultimate 

cr i t erion of nut r i t ive value is animal ,..,erformance .  Other measures , 

such as voluntary intake and dige: 1t ib ili ty , are cons inered to b e  

components of , or t o  hel� character is e ,  nutri tive value . 

In a study wi th growing cattle , the best measure of produc t ivity 

would be carcass ��ei�ht gai n .  Unfortunat e ly ,  however , financial 

circums tances prec luded measurement of carcass weight gain , leaving 

l iveweigh t gain as the maj or measure of nutritive value in the present 

s tudy . 

Cons id era t i on of nrotein adequacy r equired s tudy of nitrogen 

(N) ut ilisation and neces s i tated measurement of N balance . 

In order to ach ieve th is obj ective , it tvas neces sary t o  des ign 

an exneriment ��i th a minimt.nn of three t reatment r,roups , one f ed maize 

s ilage alone , another fed maize s i lage supn lemented with nitrogen , and 

a control group fed a ration of knmm value to measure the respons iveness 

o f  experimental s ub .i e cts to treatment . 

1 . 5 . 1  Choice of Des ign 

Livewei�ht chang e is a som�what gross measure , b eing the result 

of b o th changes in body tissue weight and f luctuations in the weight 

of d iges tive tra c t  contents (f.Ut fill) . Gut fill has b een f ound to 

account for 10- 28% of the total liveweigh t of adult cattle beas ts 

(Hott and Luc as , 196 2) , and over the cours e of one day may caus e an 

avera8e change in measured liveweigh t of 9 -16 kg ( Taylor , 1954) . More­

over , from day to day , liveweights of ind ividual animals have b een 

shown to vary up t o  28 kg (Hughes and Harker , 19 50) . It is therefore 

not surpr is ing that coeff icients o f  variation for liveweight gain 

of up to 6 5% have b een recorded· (Hubbard et al , 1969) . 

C learly t o  obtain reas onab le s ens itivity in liveweight gain 

s tudies , without using vas t numbers of animals , s oph is ticated d es ign 

and management techniques are required . For the pres ent s tudy 

faci lities would permit the use of only 16 animals . 

Greates t error control in experimentation can b e  achieved by the 
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use o f  change-over designs (Lucas , 19 59) , with the risk however , that 

performance in a given period mi�ht ref lect not only the direct effect 

of the current treatment , but also the res idual effect of  preceding 

treatments ( Patterson and Lucas , 1962) . It  has been clear ly shown that 

liveweight gain response is affected by ?revious treatment ( Job lin ,  

1968 ; Almquist et al , 19 71) . This coupled with the likelihood o f  an 

NPN adaptation respons e ,  dis cus s ed in section 1 . 4 . l . l s  rendered change­

over des igns as being unsuitab le for the pres ent study . 

The p ossibili ty of us ing monozygous t"t.Jins l..Tas cons idered s ince 

Dick and Hhittle ( 19 5 1) reported such t:T.11ins to be ·5 times as efficient 

as unrelated animals . However , n.rin efficiencies in liveweight gain 

studies have b een var iab le .  Hancock ( 1951) reported a rang e from 4 to 

21 depending on ' benveen ' and 1lvithin set ' var iability . With three 

treatments , ho-vrever , eff iciencies �.rould be lowered , and in short term 

work ( three to s ix �<leeks ) with more than bvo treatments , Bai.ley et al 

( 1958) failed to find any advantage in their us e .  Moreover , it was 

cons idered monozyg ous nvins \vould not be re11res entm:ive of the population 

to which the results \vere to apply ; a prerequis ite of s ound 

exoerimentation (Lucas s 19 59) . �or thes e reas ons bvins were not us ed . 

In experiments with limited numbers of animals , Lucas ( 1959)  

has sugges ted a procedure of balanced allotment , �·Jhereby means and 

ranges in treatment groups are made as like as possib le . This technique 

is open to the criticism of poss ib le b ias in the es timat ion of 

experimental error . Moreover , Meyer et al ( 1960) found balanced 

allotment of grmving cattle , eight to ten per treatment , to be less 

success ful in reducing error variance than the technique of  randomis ed 

b locking , when both were combined wi th covariance analys is . Randomis ed 

blocking not only tends to equate group means but als o the variab�.lity 

within groups , �vithout the risk o f  b ias . 

Ashton et al ( 1955a) , with growing pigs , found the coefficient 

of variation of rate of gain, adjus ted by covariance analy s is , to b e  

reduced by 10% when compared with unadjus ted gains . When covariance 

analys is was used in association with a randomis ed b lock procedur e ,  

the reduction in coefficient of variation was 25% (Ashton e t  al , 195 5b ) . 

The independent covariab le in each case was initial liveweight . 

Working with growing steers , Kincaid et al ( 1945) effected a 14% 

reduction in error variance with covariance analysis , us ing liveweight 



gain in a p revious period as the indenendent covariate . Moreover ) 

Ash ton et a l  ( 19 55a) recorded a 20% reduction in error variance of 

p�g N b alance data adj us ted by cov ariance analys is . 

On the bas is of this evidence a ranrlomis ed b lock , covariance 

des ign \>Tas chosen for the pres ent s tudy . Animals v1ere to b e  b locked 

on initial liveweigh t ,  and gain dur ing a s ix week s tandardisation 

period was to pr ovide the independent covariate . The s tandardis ation 

period would als o provide an opportunity for ol: taining the N-balance 

data neces sary for :tts mm covar iance analysis . A s ix tl/eek 

s tandardis a t ion period vias chosen as B ailey _'::_t al ( 19 58)  found two 

tveeks to be too short . and on the b as is of thei.r data , s ix weeks 

appeared to b e  the �inimwn time compatib le tvith reasonab le error 

variance . 

I t  was es t ima ted that maize s ilage supplies would also las t 

s ix weeks . thus al lmlin;s a s ix week compar ison period . A larger 

quantity of maize s ilage had b een made , but the unexpect edly long 

period of s t orage (nine months )  resulted in gre�ter than expected 

w�s tage ( s ee tr.pendix VI) . 
With 16 anima ls availab le and a minimum of  thr ee treatments 

required it tms decided to use 15 animals in three r,roups of f ive . 

Coef f ici ents of  vari&tion for grm.;rth rate of ca ttle in New Zealand , 

over longer periods o f  time , and with larRer numbers of animals have 

been shmvn to b e  in the order of 1 2% (Carter ) 19 69) , However , in a 

six week grmvth s tudy , 24 animals per treatment � and under s tringent 

manager ial condit ions , Bailey et al ( 19 58) recorded a coeff icient of 

variation of 9 to 10% . Horeover • with covar iance analys is of pig and 

cattle gains , Ashton et  al ( 19 5 5b )  and Kincaid et al ( 1945) both 

recorded coefficients of var iation of 10% . 
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I t  s eemed that at bes t  a coefficient of  variation o f  adj us ted 

liveweight gain data of 10% might be achieved . With the f ive animals 

per treatment , it was calculated that the s ens itivity of the des ign 

would enab le detection of s ignifi cant differences in daily liveweight 

gain of 0 . 15 kg /day at the 5% level , with a probab ility of  65% , and 

di fferences of 0 . 20 kg /day a�· the 5% and 1% levels , with probab ilities 

of 93 and 7 2% respectively ( see Appendix II) . It was cons idered that 

such precis ion was sufficient to jus tify the running of the experiment , 

but extreme care would be needed in measuring the liveweight gain .  



1 . 5 . 2  Measurement of the Major Respons e Parameters 

Cons ideration will only be given to the mos t  important measures 

of nutritive value and N utilisation , namely liveweight gain and N 
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b alance . 1Vhere neces sa�y , brief reas ons for cer tain techniquis us ed in the 

measurement o f  other parameters examined ( s ee 2 . 4) are mentioned 

along \dth the des cription of the procedure in Chapter 'I't-10 or 

alt ernat ively , with the dis cuss ion o f  results in Chapter Four . 

1 . 5 . 2 . 1  Measurement of Liveweight Gain . In s ect ion 1 . 4 . 1 . 1 

the adaptation res?ons e to NPN feeding was discus sed . On the b asis of 

the evidence outlined i t  seemed like ly that any respons e to the nitrogen 

supplementati on would increase over time . Horeover , with a covariance 

experimental desiP,n the change from the s tandardisat ion to the comparison 

period rations could be expected to elicit some form of adaptation 

r es pons e .  I t  was therefore cons idered neces sary to weigh the cattle 

every week and examine liv�Jei�ht gain on a week to week basis . I3y 

proper analysis this rrocedure would enab le removal of a- larg e part 

o f  the variation due to time trend, b o th linear and cyclical (B aker 

and Guilbert , 1942) , from the error var iance . 

_ For such a procedure to be neaningful ,  hmvever , weekly weights 

as accurate as pos s ib le were required . The f indin� by Taylor ( 19 54) 

of 9-16 kg f luctuat ions in liv�veigh t  over the course o f  a day ,  with 

s teers having a continual supply of f eeJ , indicates a need for 

s tandardis ed weighing procedures . These varia tions in association 

with large day to day f luctua tions (Hughes and Harker , 1950) , due 

largely to chang ing gut fill , have led to such techniques as weigh ing 

on more than one day , and overnight fas ting prior to weigh ing (Lush , 

19 28 ; Patterson ,  19 47 ; Taylor , 195 4 ;  �Vhiteman et al , 1954 and 

Koch et al , 1958) . 

While Lush ( 19 28)  reported a 4 2% reduction in the error contained 

in a one day weight of s teers with two additional days ' weights , Hughes 

and Harker ( 1950) showed that the dis turbance of weighing may in fact 

reduce growth performance , a finding also reported by Green et al 

( 1952) . Moreover , Patterson ( 1947) f ound that while with grazing s teers , 

three-day mean weight s  reduced the error variance of the measured gain 

by 7 . 32% , with s talled cattle the equivalent reduction was only 2 . 27% . 

Furthermore , the advantage of  three-day means over two-day means was 

s ligh t .  With this evidence in mind i t  was decided to weigh on two 



consequtive days each week , the livewe igh t f or any one week being the 

mean of thos e two weighings , and the live�ve ight gain for a �.,eek being 

the diff erence bet�veen cons ecutive two-day means . 
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Overnight fas t inp, has been shown to be effective in reducing the 

error caused by gut fill fluctuations under some circums tances ( B aker 

and Guilbert , 1942 · Taylor , 19 54 ; �fuiteman et al , 19 54 � Koch et  a l , 

1958) . However , Hughes and Harker ( 1950) showed such fasts to have a 

detrimental effect on r,rowth performance . and found early mornin� 

�veigh ings to be equally succes s ful in minimis ing var iability . Hith 

grazin� cattle . early morning ( three to f ive hours after sunrise) has 

been shown to be the time of minimum gut f i ll ( Taylor 9 1954) and it  is 

probab le that a s imi lar situation exists f o r  s tall-fed animals . Provided 

lvater was continually availab le (lfuiteman e t  al , 1954) , and the animals 

were weighed at as near as pos s ib le the sane time each relevant morning , 

overnight fastin� was cons idered unnecess ary . 

1 . 5 . 2 . 2  Nitrogen ( N) Balance . Bv a ccen ted defini ti on ,  N-b alance 

in growing animals is equal to N intake less urinary and faecal N output 

(Allison ,  19 55 � Rinpon , 1959) . The oft renorted gross dis crepancies 

between N retenti on and body growth (Wallace , 1959 ; Duncan , 1966) have 

led to a ques tioning of the validity of the techniaue for examining N 
utilisation . Jus t i f ication of its use wou l d  require inves tigation of  

its  validity . 

In 1964 , Allison and B ird summar is ed th e criticisms of the 

clas s ical N b alance into two aspects : ( a) The over-estimation of N 

intake as a result of  loss o f  unconsumed diet , and under-es timat ion of  

N output from excreta loss , may comb ine to nroduce an over-es timate of 

retention , and (b)  over-es timation may als o result from excretion via 

unmeasured pathways ( e . g .  respiration , dermal los ses ) . 

While the loss of unconsumed die tary N can only b e  minimis ed by 

meticulous feed measurement techniques , the under-es timation in 

measurement of N output seems very much dependent on the procedure 

followed . Both Martin ( 1966) and Fuller and Cadenhead ( 1969) have 

reported negligib le losses of N from f aeces between voiding and 

collection , and during cool s torage . Urinary N losses , however , from 

voiding to collection were variable and s eemed dependent on the pH 

of the urine . Mart in ( 1966) found such urinary N losses at near 

neutral pH to b e  10% , declining to 1% at or below pH 2 . 0 ;  temperatures 



b e low 20°C further minimis ing loss es . This evidence shows the reason 

for certain o f  the procedures followed in measurin� N b alance in the 

present s tudy ( section 2 . 4 . 5) and sugges ts that given certain 

requirements reasonab le accuracy of meas urement of faecal and urinary 

N outputs can be attained . 

In s eeking unaccounted pathways of N loss , But ten�orth ( 1962) , 

working with chickens in a respirometer , fai led to shrn� any loss of N 

through resniration . The author � like Sans lone and S quibb ( 1962) and 

Henry ( 1965) working with ch ickens and rats respectively , concluded 

tha t  faecal and uninary N Here the sole sources of N output � 

measurement and analytical errors be ing resnons ib le for dis crepancies 

with growth . Reinforcement of th is theory wgs found in the failure 

of Hegner et al ( 19 40) to detect any loss of N from an incub ating 

mixture of  rumen bacteria and urea , and th e inab i li ty of  Magnus ( 1902 : 

c i t ed Harris and Mitchell , 194l�) to demons trate any permeab i lity of 

the lungs to NH3 . However , Rob in et al ( 19 59 )  sho�ved that fol lowing 

intravenous adminis tration of ammonium acetate to d ogs , measurab le 

leve ls of free NH3 appeared in the expired ail . Furthermore ,  Costa 

( 1960) , af ter recording cons is tent positive N retlent ions for dogs , 
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rats and mice at cons tant body weights ( the ma5;nitudes of the 

re tentions p lacing them outs ide the range of �ossib le compos itional 

sh if ts within the body) � pointed out that gas eous loss from the mouth 

c ould b e  suf ficient to account for the dis crepancy wi thout b eing 

recorded by the usual methods of p;as analys is . Despite this , Hartin 

( 1966) measured only one mg N per 24 hours in the expired air of sh eep , 

a value not inf luenced by increas ing levels of rumen ammonia . It  would 

s eem that gaseous los s es o f  N are 1.1os t unlikely to invalidate 

conc lusions drawn about N utilisation b ased on th e N b alance techniqus • 

Dermal N losses , resulting from the desquamation of keratinised 

cells , loss of hair and woo l , and the s ecretions of the sebacious and 

sweat glands , have been measured wi th sheep by Harris and Mitchell 

( 19 41N and Martin ( 1966) . The recorded N losses were amazingly 

cons is tent ( 3 . 1  to 3 . 6  mg /kg BW/day) and independent of diet fed . In 

the work of Martin ( 1966) such losses were suff icient , however , to 

alter N balance by up to 58% . Clearly in absolute s tudies dermal 

loss es could confound interpre tation . However ,  their independence from 

the ration f eed , prevents them from invalidating comparative s tudies 
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such as the pres ent . No other sources of N loss have been reported . 

Technically there s eems no reas on why the conventional N balance 

procedure should not b e· valid in a comparative s tudy of N utilisation . 

However , caut ion is required in the interpretation of such data as N 

b alance is a variab le chang ing with time as body protein s tores increas e 

or decreas e .  Briefly , the amount of N excreted i s  high when the 

metabolic pool is full . Under these condi tions a relatively high 

intake of N is required t o  maintain equilibr ium . As the body protein 

pool is depleted , the excretion of endogenous N falls rapidly to a 

low and slowly decreasing value . Only a relat ively small amount of N 

may then b e  needed to maintain such a depleted individual in equilibrium 

(Allison and Bird 9 1964) . Moreover , as pointed out by Allison ( 19 51) , 

animals tend to drift t owards an N equilibrium i f  the balance is either 

positive or negative . If  an N deficient diet is fed , an animal will 

deplete its protein pool until it  comes into equi librium with the low 

protein diet . Failure to recognis e such adaptive changes may lead 

to mis-interpretation of data . 

Furth ermore ,  Allison ( 19 5 1) recorded rapid shifts in N balance 

with alter ation in calor ic intake . A sub-maintenance energy intake , 

especially in the ruminant , could result in a net outward movement 

of N from the protein poo l ,  the amino acids b eing required for 

g luconeogenesis and energy metabolism. The as sociated increase in . 

urinary N excretion would cause a rapid shift to a negative balance . 

Despite these interpre tive difficulties , provided animals are 

in a s imilar physiological s tate , following a per iod of s tandardisation , 

the r isk of erroneous conclus ions mus t be low . 

1 . 6 SUMMARY 

Maize s ilage , produced from hybrid grain mai ze grown in the 

United S tates , has been shown to contain 45 to 50% grain on a DM b as is 

when harves ted at the dent to glaze s tages of maturity ( 30-35% DM) . 

Both DM yields and diges tib le DM consumption by  catt le seem to be 

maximis ed by harvesting a t  this s tage of maturity . 

The maj or characteris tic of the chemical compos ition of maize 

s i lage is its low level of crude protein when compared to New Zealand 

mixed pasture . Despite its high dry matter digestib ility ( 68%) , 

yielding a 70% TDN value , diges tible crude protein contents of 5% 
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and b elow appear inadequate for ef f icient utilisation of the energy 

fraction . Hhether � however , maize s ila�e protein levels are suf f i cient 

to SU?port reas onab le growth rates in cat t le s eems les s clear . The 

experiment repor ted in the followin8 chapt ers is des iRned to cast 

further li�ht on this as pect through the us e of NPN ( B iuret) 

supplementation , and measurement of N ut i lis ation b y  the N balance 

technique . There appears to b e  no convincing evidence why the NPN 
should not be ut ilised effectively in a mai ze s ilage ration , as suming 

that it is pro tein def ici ent f or rap id �rowth of cattle . This is 

cons idered a maj or but integral part of the overall nutritive value 

study , in wh ich liveweight gain is us ed as the ultimate criteri on of 

that value . 

As it ,.;as neces sary to have only protein as b eing pos s ib ly 

limiting to grrn�th in the experiment , other reported deficiencies ( e . g .  

vitamins A and D and minerals ) were inves ti�ated in deciding the 

compos it ion of the experimental rations . The weight of evidence would 

sugges t an extremely low likelihood o f  any vitamin def icienc ies 

devel oping with maize s ilage feeding of growing cattle , unles s an 

improbable comb ination of circums tances prevailed . However , in light 

of the NPN f eeding , the avai lab le evidence indi cated the need f or a 

mineral supp lement ,  Ca , � and S being cons idered marginally def icient 

in maize s i lage . 

Error contro l cons ideration , amplif ied by the limitation on 

animal numbers ( 16 s teers) . impos ed by shor tage of facilities , led to 

the choice of  a randomis ed b lock , covariance des ign for the nutritive 

value s tudy . Three treatments were required , maize s ilage alone , maize 

s i lage plus b iuret and a control of known v alue , leaving f ive s teers 

ava i lab le for each treatment . It was calculat ed that liveweight gain 

diff erences of 0 . 20 kg /day could be detected at the 5% level of 

s ignif icance with a 9 3% certainty ; a s ens itivity cons idered suff icient 

to j us t ify the cont inuation of the experiment as des igned . 



CHAPTER THO 

�·1ETHODS AND �ATER I ALS 

Only infm:":'lat ion s t r :t c t lv relevant to the nutr i t ion s tudy 

out lined in section 1 . 5 is presented in this chanter . Details of  

the produc tion and s toraf!e of the maize cron , wh :i.le b e ing consid ered 

impor tant aspects of the overall s tudy o f  mai z e  s ilage . are ref erred 

to in numbered aDpend ices found precerling the b iblio�raphy . 

The chanter is d ivided into f ive section s , the f ir s t  three 

providin� informRtion on the des ign of th e experiment , the feed s 

stud ied , and the animal s  used , t<lh ile the four th section out lines 

the exner i�entP-1 procedures followed in measur ing the var ious 

parame ters . The f inal s e c t ion sumnar ises the ma ; or statist ical 

models used in analys i.n� the result s .  



2 . 1  EXPERIMENTL\1 DESIGN 

The nature of the work nece s s itated the use of a des ign 

appropriate for continuous exper iments , in contra s t  to change-over 

exoer iments s and a randomi se d block- covariance d e s i�n v1as ch o s en 

( s e e  s ect ion 1 . 5 . 1) .  Animals , blocked on the bas i s  of l ive�"eight , 

wer e randomly allocated to t reatments on a �.Jithin b locks basis , 
A d i scu s s ion o f  th� su i tab i l i ty o f  the de s ign u s ed is nre s ented in 

s ection 4 . 1 .  

t.\s is g Qnerally implicit in th is tyne of d 2 s ign , the experiment 

�va s  d ivided i nto three peri ods of o"b s ervation �· a nreliminary period 

(P"P) to allm-r for animal ad aptation to th e exnerimental environment , 
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a stand ardis at ion period ( SP) for ob ta ininq inf ormation on concomitant 

var iable s 9 and a comnar i:. c:--. neriod ( C"P )  in >11h i ct; to compare the 

tr ea tments . The latter tT.ro per iods Tver e  run und er stringent exper iment a l  

c ond it ions . 

A thr ee week prelim inary period commenced on 1 / 12 / 7 0 , follmJed 

Ly s tandard isat ion and oomoa r i s on peri ods , e ach o f  s ix weeks , 

commencinR on 2 1 /12 / 7 0  and 1 / 2 / 7 1  respectively . The exner iment �vas 

conclud ed on 12 /3 / 7 1 . 

�ur ther details o f  the timing o f  o�erati ons are pres ented in 

Anpendix 1 .  

2 .  2 EXPERIYtENTi\L 17EEDS 

To enable inductive inf erence s to b e  m�d e re p.ard ing th e nutr itive 

value 0f maize s i la?,e for grmdng anirna ls , it TvP.s cons idered ne ce s s ary 

to have as one of the exper imental f eeds 9 a contro l ration of knmvn 

value ( se e  s ec t ion 1 . 5) . Hay and barley was s ele cted for th is purpos e ,  

and th e f eeds u s ed throughout the ex�er L�ent are outlined in Table 2 . 1 .  

TARLE 2 . 1 :  Feeds us ed dur ing the thr ee maj or periods of the exoer iment 

P er iod Prelim inary S tandardisat ion Compar is on 

Period (PP) l'eriod ( SP) Period ( CP) 

Feed Hay and Barley Hay and Barley Hay and Bar ley (HB )  

( all animals) ( all animals) Maize S ilage (MS )  

Maize S ilage 

plus Biuret (MSB)  



2 . 2  ... 1 Hay and Bar ley (HB )  

Rvegrass-clover � meadm,; hay of  good quality was u s ed i n  the 

experiment . I t  \vas fed in conj unction 'vi th barley meal , the amount 

of meal f ed each individual being altered tveekly on the basis of 

rretlbolic b ody '"e ight ( i . e . : v.r 0 ·  7 � ) . In th is vJay , one inf luence of 

variat ion in ani�al s ize on growth rate Has r educed . 

The level o f  meal feed ing \vas calculated on the b as is of NRC 

f eeding standards (NRC , 1970) , t o  nromote , along ·.,Jith ha; to appe tite , 

an averag e livewe ir.;ht rrain of 0 . 7 5  kg /de.v . Of a ,,;ride range of 

nos s ib le f!rmvth rates with the h ay and b ar ley com"b ination , this target 

was chos en as it uas cons ider ed to be readi ly ob tainab le with animals 

of this age . Moreover , it would provide a r ealiG � ic s tandard agains t 

which to  comnare the s i lage rations . 

The calculat ions on wh ich the level o f  meal feed ing was b ased 

are shmvn in Appendix I l l . I t  was estimated that barley me al would 

cons ititu te 42% of the total DH intake . 

2.2 . 2  Ma i ze S i lage (HS) 

Details o f  the nroduction of the maize cror , and yield dat a ,  

are -oresented i n  /mpendices I V  and V .  
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The si lage ,,Tas made from the entire hvbrid maize p lant harvested 

at th e d ent s tage of r.1atur ity ( 3 3±  3 %  DH) , t,rith a sing le row Ne\.r 

Holland 7 17 11ai ze Chonper . 

The f inely chopved materi.al  \vas vacuum nacked in two elongated 

stacks ; apnroximately 2 . 4 m x 12 m x 1 m ,  d es i rned s o  that t�e estimated 

usage rate from the open face would be suff icient to keep ahead o f  

air entry , thus avoiding was teful secondary fermentation . The s i lage 

was s t or ed for nine to ten months before being used , and the na ture 

of the materj_al in the s tacks �vhen ooe<1ed can be seen in p late 2 . 1 .  

The mai z e  s i lage produced �-rould have been considered les s than 

excellent in quality on visual appraisal . However , the light colour 

of the bulk of the material indi cated extens ive heat damage to be 

unlikely , and the p leasant smell precluded extens ive c l o s tr id ium 

microb ia l  activity . Further de t ai ls on the ens i lage process are 

pres ented in Anpendix "1 .  

At all times during the f eeding of the maize s i lage , a mineral 

supplement ( rock s alt /bone flour , 5 0 / 5�) was offered to the animals . 



PLATE 2 . 1 �1e mai ze silage at time of feeding� in :the opened face of 

the s tack . �1e photograph indicates both the fineness of 

chop and the dry .friable nature of the silage . Materia Z 
outside the white line is was tage > comment on the pattern 

of this loss being made in Appendix VI . 

45 . 
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This was cons idered a necess ary pre caution as it tvas shown in section 

1 . 4 . 4  th at maize s i lap,e may be def icient in Ca , P and S ,  and a procedural 

ob j ec t ive in the experiMent Tvas to eliminate 9 as far as oos s ib le , 

limi t in8 fac tors other tha!1. nitrogen . 

The maize silaP,e in th is ra t ion \lla s identi cal tvith that described 

above ( 2 . 2 . 2) . the same mineral supplement als o  b e ing of fered . In 

add i t i on .  hm1ever , this r a t i on cont::lined granular b iuret at a level 

suf f i cient to r aise the crude prote in c ont ent of the ma ize s i lage 

4 . 7  percentage un its to an es t imated 13- 14% on a dry �at ter basis . 

B iure t  b e inr� tas t e le s s  ( s e e  s ection 1 .  4 . 1 .  3 )  nosed a f eeding 

prob l em . HixinC!: it vli th the s i lar;e �.Jould have left doub t as to the 

amount eaten . Hmvever , feeding it with the mineral supplement in a 

s eparate b in , meant that an exact amount could be fed daily to each 

individual ; the a�ount b e i n� a l t ered weekly on th e b as is of the 

nrevious �veek ' s level of intakE . ( 'see Appenc1.ix '7II)  . 

The b iur8 t  v1as supp lied by Ivon r.ratkins ·- :!:'otv L im i t ed . 

2 .  3 EXPERP·IENTAL 1\NP1ALS 

The prooer selection of experimental su� j e c t s is an impor tant 

as T)e c t  of exner i.'nentation . It is neces s ary that the animals be 

r epre s entative of the nopu lat ion to 'vh ich induc tive inferences are to 

be mad e , and in th is cas e , it Has also important that they have a good 

grow th potent ic>. l , livewei�h t gain h einP. the ma.i or respons e parameter 

measured ( see s ection 1 . 5 . 2) . 

The Hidespread and i ncreas ing use of Fr ies ians f or beef production , 

with their pot entially h igh grmvth rates , made th em a logical choice . 

S ixteen Friesian steers , off the one farm , nine months of age and 170 kg 

mean livetveigh t ,  'vere us ed in the experiment .  This numb er allowed for 

three treatment grou�s of f ive plus one emergency ( s ee s ect ion 1 . 5 . 1) .  

The s t eers were nermanently hous ed in a 16-stall barn for the 

purpos e of indiv idual f eeding . They were s t alled by means of wide , heavy 

gauge collars . with chains t o  loops s et in the c oncrete f loor . ttlater 

'vas continually availab le to each animal . 

During the preliminary period , the s teers were accus tomed to 

b o th the barn and the hay and bar ley diet of the standardisation period 

by b e ing hous ed for increas ing periods of time � \vith decreas ing time 
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on pas ture . The barley mea l  was offered first at the rate of 0 . 45 kg /day � 

wi th s imilar daily increments until the predetermined level tv-as reached 

for each animal .  In this way foot and leg troub les . and diges t ive ups ets • 

tv-ere larf;ely avoided . 

During th is t.ime � the animals tvere sprayed twice for lice tvith 

D iazinon (Neocidal :� Ivon t-Ja tkins-Dmv Lin ited) • drenched for woms with 

Levamisole (Nilverm , I . C . I .  �L Z .  Limited) , and treated for rin�wor!� with 

Tamed Iodine ( Cib a Comnany) . They �;ere also allocated .to permanent 

pos i t ions . .  in the barn at random .  

Followinr. the second week o f  the s tandardis ation per iod the s teers 

\vere b locked into five r.roups of three on th e b as is of liveweight ( s ee 

Appendix VI I I )  • and animals within b locks t-1ere allocated at  random , one 

to each of the three comnarison period treatments . Th is tvas neces sary 

s o  that three aninals from each treatment groun could be used in the 

s tandardis ation period , t otal urine and faecal collect ions . 

2 . 4  EXPERIHENTAL ?ROCElJURES 

A numb er of parameters ·Here measured wh ere it tms cons icered they 

would b oth as s �s t  in the interpre tation of the liveweight gain respons e 

data and cont ribute fur ther information on the characteris tics of the 

nutr itive value of the rations stud i ed . These included , phys ical 

compos ition ,  chemical compos ition , and di�es tib ility of rat ions , with 

voluntary intake and N balance of th e steers fed the rations . 

2 . 4 . 1  Phys i cal Analys is o f  Rations 

The component feeds of th e three CP rations , lvith the excep tion 

of  the b iuret in the MSB ration ( s e e  2 . 2 . 3) � were fed in s eparate b ins 

to enab le accurate measureme�t of the quanti ties of each ac tually 

c onsumed by the s teers . The phys ical compos ition of each of the 

r a tions fed had to be es t imated in this way , as diets with such 

phys ically d ivers e components could not h ave b een fed ad lib. to an 

exactly predetermined c ompos ition wi thout grindin?- and mixin� . 

Furth er details of  the feeding procedure are provided in 

s ection 2 . 4 . 4 .  

A phys ical analys is was als o  carried out on the maize i tself . 

Four days prior to harves ting the s ilage , the crop was sampled ( see 

Appendix V) and the s ample plants were each s eparated into leaf , leaf 

sheath , s tem �  grain and remainder . The components • .. ;ere oven dried 
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( 90 ° C) , �·!c ighed , and tl;le ir pron0rtion of  the total DM y ield calculated . 

During the diges tib i li. ty trial ( s ee s ection 2 . 4 . 3) th e maize 

s i lage tvas s amp led daily , and the bulked compos i te sample �vas later 

sub-samn led e igh t times f or hand s eparation of the p,rain from th e  res t 
of the material . Both frac tions were oven dried ( 9 0° C) and the percentage 

grain content of the s i lage dry matter determined . I t  was compared wi th 

th e grain content of the crop prior to ens iling .  

2 .  4 .  2 Chemical Analys is o f  F.eeds 

.i\.1 1  feeds �:vere s ampled daily during the di g estih ili ty tr ials • a 

f ixed percentage of each bein� taken s o  as to ensure repres ent ative 

s ampling of the total feed us ed . 

These s amples \•lere bulked , S t ored at - l0 ° C  and later sub-samp led , 
the sub-samp les being freez e dried , gr ound through a one mm s ieve (I.Ji ley 

Mill) and s tored in air tight j ars f or ch �i cal analys is .  The hone 

f lour , rock s alt: and b iuret 9 al l b einr, b o th homog eneous and dry , were 

careful ly s amo le�: only once , ground and s tore::l f or analys is . 
A Proximate Analys is ( AOAC , 19 6 5) was carr ied out on the ground 

sub-samples of each f eed and th e comDos itiors of the three rations as 

fed were calculated . 
In add ition to this analysis , extraction o f  th e feed s amples 

with the neutral-detergent solution of Van S oes t ( 19 6 7 )  e.nab led 

s e�aration of the ce llular material from th e cell--vmll cons ti tuents . 
Crude protein ( . AOAC · , 19 6 5) and ash (A'J.i\.C , 19 6 5) deteminations 

on the res idual c � l l-w�l l cons ti tuents enab led the es t imation o f  

s o lub le carbohydrate content ( including s tarch )  by dif f erence ( i . e .  

Cellular C ontents + C e l l  Ha l l  Bound Protein and Ash - Ether Extract -

Crude Pro tein - �sh S o lub le Carb ohydrate) . 

This rrocedure r es ulted in a compreh ens ive analys is o f  the 

cellular or ' s olub le ' f raction o f  the feeds , and acid-detergent fib r e  

determinat ions (Van S oes t , 196 3) , in conj unct ion with the crude fibre 

determinat ions of the Proximate Analy sis (AOAC , 1965) , faci litated a 

b reakdown of the cell-,val l  cons tituents ( or inso lub le fraction) into 

h emi-cellu los e s  and ce l lulose and li�nin ( Fonnesbeck s 19 68) . 

The crude protein fracti on of  the f eeds was also fur ther broken 

d own into true protein and NPN by means of an alcohol  extract ion 

( Bailey , pers . comm . ) ,  and Kj e ldah l  t otal nitrogen ( AOAC , 19 65) on 

the res idue . 



B ecaus e of their par ticular relevance to maize s ilage and non­

protein ni trogen feeding ( s ee s ection 1.4 . 4) 9 sulphur ( gravinetric 

determination , Scott , 19 25) , calc iuM (atomic ab sorption spec troscopy )  

and phosphorus (co lorimetr ically , Fiske and Gubbarow ,  19 25) 

determinations \17ere also made on the f eeds . 

2 . 4.3 Diges tib ility of Rat i ons 
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Fo llowing the third week of the s tandardis a tion period , three 

animals �vere selec ted at random from each of the three treatments and 

f it ted with faecal collec tion harnes s es ( s ee P late 2 . 2) . Dry matter 

dig es tib ili ties "tvere determined by total co llec tion of faeces over a 

period of 14 days . Th e s ame nine animals t-1ere us ed during the comparis on 

per iod , and f our days were al lowed in both cas es f or the animals to 

b ecome adap ted to the harnesses b efore the 14-day diges tib ili ty trials 

'1.-ler e s tarted . Feed intake Has measured as describ ed in s ec tion 2.4 . 4. 

Faeces 'l.·lere collec t ed once daily at 8 . 30 a . m .  9 weighed to an 

accuracy of � O o 0025 kg , mixed carefully , and a 10% �liquot taken f or 

individual bu lked samp les s tored at  - l0 ° C .  These compos i te s amp les 

were later again mixed thoroughly and sub-samp led for dup licate dry 

matter determinations in a f orced draf t oven at 9 0 ° C. 

Further sub··samples 'l.vere freeze dried , ground through a one nun 

s ieve (Wiley Hi ll) and s tored in g lass j ars f ()r ch emical ana ly s is . Crude 

protein (Kj e ldah l ,  AOAC , 19 65) , acid-detergent f ibre ( Van S oes t ,  1963) , 

or�anic matter (AOAC9 19 6 5 ) , and gross energy ( Aniabatic Bomb 

Calorimeter) determinations were made on the faecal s amples to 

enab le calculation of apparent diges tib ili ties for each of thes e  

c omponents . 

2 . 4 . 4  Vo luntary Intake 

To avoid extens ive deterioration in the f eed b ins over twenty­

f our hours 9 the maize s ilaP,e was f ed twice dai ly in equal por ti ons . 

S imi lar ly , t o  help avoid diges tive upsets , the b arley meal was a ls o  

f ed twice daily . However , the hay \vas fed only once a day , a t  the 

morning f eeding , its deter ioration being cons idered ins ignif icant . 

Likewis e ,  on the b as is of the s low rumen degradat i on of b iuret ( s ee 

s e ct ion 1.4 . 1 . 3) , it was also fed only once a day , at the af ternoon 

feeding . 

All animals were individually fed at 8 . 30 a . m .  and 3 . 30 p .m . , 



PLATE 2 . 2 
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Steers harnessed for total col lection of urine and faeces . 

The urine co l lectors were designed during the s tudy3 and 

detai ls o f  their cons truction can be found in Section 2 . 4 . 5 .  



the f eeds be ing weighed on spring balances , accurate to � 0 . 015 kg . 
B oth the maize s ilag e and the hay were of fered ad lib. ( 10% exces s) , 
neces s itating the collection and weighing of individual feed refusals 
at the morning feeding . These were weighed on the same balances and 
to the s ame accuracy a.s the feeds . 

For determinati on of DM intakes , daily s amp les ( 70- 200 g 

depending on material) were taken from both feeds and individual 
refusals , and dr ied for 24 hours in a forced drought oven at 90 ° C ,  

DOM , DE , ME 9 crude protein and diP,es tib le crude protein intakes 
were also calculated from the results of the chemical analys is ( 2 . 4 . 2 ) 

and diges tib ility data ( 2 . 4 . 3) . 

2 . 4 . 5  Nitrogen (N) B alance 

5 1 .  

Two N b alance determ:f.nations vJere made , one in the s tandardisation 
period and the other in the comparison per iod . The f ormer was carr ied 
out not only to provide informat ion neces sary f or an analy s is of 
covariance , but als o  to perfect th e proc edure f or the comparis on per iod . 

As N balance •·wrk had not previous ly b e en done \dth s teers at  
this Univers ity , a technique for to tal collecti on of urine had to be 
developed . Obs erva tion indicated that the s teers never urinated wh ile 
lying down . This meant that urine collect i on funnels could be des i�ned 
that crumpled when the animals lay on the1'1 , and provided they returned 
to the c orrect shape \vhen the animals s tood up , no urine should be los t .  
Af ter tr ial of a numb er of des igns and mater ials , it was found that 
buty l rubb er funnels , 30 c� in di ameter and 20 �m deep , held in shape 
at the t op by vacuum s trip s eal , and fas tened to rubber gas tub ing at 
the bottom ,  collected the urine very satisfac torily .  

The funnels were mounted under the s te ers •Yith ny lon cord f as tened 
to wide elas tic bands over the animals 1 b acks to allmv for movement . 
In th is way they were held lightly but firmly a�ains t the unders ide o f  
the: 1s teers 1 bellies , r egardles s of  the pos itions o r  s tances adopted b y  
the animals . I t  was f ound nece s s ary ,  however , to shave their b elli es 
prior to the commencement of the collection periods , so as to avo id 
both contamination of the urine and b locking o f  the urine colle ctors 
with loo s e  hair . 

The des ign , cons truction and fitting o f  thes e funnels is shown 
in plates 2 . 3 ,  2 . 4  and 2 . 5 .  
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PLATE 2 .  3 Ur1..ne co l lection funne l  mounted in p lace du.ring a co l lection period. 

� -- - -

PLATE 2 .  4 Buty l rUbber, urine co llection funne l partial ly dismantled. 

Note the vacuum s trip seal a lkathene frame and the totally 

co l lapsib le rubber funne l.  



Butyl Rub b e r  
( cut to funnel u a t t e rn) 

Alkathene Vacuum S tr ip S ea l  
H i th Centre P i e ce 

Clamn Short S te e l  Ins ert � ( t o support the c l amp ) 

\ Rubb er Gas Tub ing 

PLATE 2 . 5 Urine co l lecti on funne l comp lete ly dismantled 

5 3 .  
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The N balance s tudies \Jere carr ied out concurrently with the 

dig es t ib i lity trials , the s teer s  b eing harnes sed for b o th urine and 

faeces co l lec tions four days pr ior to the corr®encement of the 14-day 

co llection per iods . 

The faeces were collected , weighed , sampled for frozen s torage 
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of individual com;:-os i tes , and sub-sampled f or DH de terminati ons as already 

out l ined in 2 . 4 . 3 .  The crude pro tein cont ent data ob tained in s ec tion 

2 . 4 . 3  was als o us ed to calculate faecal N output . 

Ur ine was collected in 19 litre huckets placed b eh ind the s teers . 

in a colle ction pit . The co lle c t ion buckets contained concentra ted 

( 5 0�/, v I ) hydrochloric acid . suff icient to lm-1er th e pH of the urine V 
to 0-10 ( s e e  sec tion 1 . 5 . 2 . 2) , thus avoiding s erious loss of nitrogen . 

T..'1 e  urine t•7as collected concurrently with the faeces every 

morning a t  8 . 30 a . m . Acidity was checked prior to weighing . and if 

requir ed , more acid was added . Weights were r ecorded to an accuracy 

of -: 0 .  00 25 kg and 10% aliquo ts �vere taken , after thorough mixing , 

for individual 9ulked compos ite s amples stored in lidded buckets at 

5 ° C .  

Th e  individual nni:nal comp os ite urine samp les t·1ere later �ixed 

thoroughly and sub - s ampled for d e terminat ion of both specific gravity 

(by weigh t)  and total l1 content ( Kj eldahl :--1ethod , AOAC . 19 65) . 

From the feed i ntake ( s ec tion 2 . 4 . 4) and chemi cal analys is data 

( s ect ion 2 . 4 . 2) , total N intakes during the collection period were 

calcula t ed , and by sub tractinp, from these the total faecal and urinary 

N produced durinr, the same period , the N ba lance status o f  the animals 

under the different treatments ;;·ms de termined . 

2 .  4 .  6 L i  ve,..reigh t Gain 

The s teers were �.;eighed at 8 . 00 a .m .  on am cons e cutive days 

each t>Te ek . usually Hondays and Tuesrlays . The animals Here not s tarved 

pr ior to weighing , the recording of liveweights at exact ly the s ame 

point in the feeding cycle each day being cons idered to combat gut f ill 

variation between animals equal ly effectively (see s ection 1 . 5 . 2 . 1) . 

An Avery weigh-bridge accurate to � 0 . 25 kg was used for measuring 

the liveweights of the steers and was checked periodically for accuracy . 

The liveNeight of any s te er in any one week was t aken as the 

mean o f  the two weighings for that week , and overal l  liveweight gain 



was ca lcula t ed by avera p.; inr, chang;e s  in liveweight over two three-vJeek 

neriod s .  

Ho l iver.ve igh t measur ement s  r,o1ere mad(! �·.rhi ls t the s t e ers were 

harne s s ed f or ur inary and f a e cal c o llec t ions . 

2 . 5  STATISTICAL FROCEDURES 
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Analys i s  of var ianc e and c ovar iance ml'Jd els in conJ unc t i on \vi th 

Duncan 1 s Hu l t in le R<m� e Tes t f or t es t inr, th e s i gni c iance o f  d i f f •:.rences 

be tween means formed the b a s i s  o f  the s t a t i s t i c c> l  analy s i s  of the d at a . 

T t  "'as int ended , r.vh e r r.:! possible , t o  us 2 c nvar iance mod els not only t o  

t es t  '..rith great er pr ec i s ion f or d i f f er ences b e tween f�r oup means . but 

also to examine r c l a t i onsh ins b e tween var iate s .  �[Otvever . a f-: eneral 

lac1.< o f  r c lations hin b e t,·.reen thG s t andard isat ion and comnar is on per iod 

d a t a  ( s ·3e sect ion 4 . 1 ) T!lA.cle the ex t ens ive u s e� of covarianc e analys is 

( ancova) unnecessar y , 
h.s a nre liminary t o  the data analy s e s  u s ing th e mod 2ls d es cr ib ·::;d 

in th is s ect ion , h oTTlos cedas t ic i ty �,m s verif ied hy the F-max . t es t 

rather tha11 the TTlor e convent ionel nar t le t t ' s Test . The f o rmer was 

cons ic1 2rcrl to he les s sens i t ive t o  the les s impor tant d enar tu.res fr om 

normal ity than the lat t er ( S okal and Roh l f , 1969) . 

2 . 5 . 1  Phys ical /malysis o f  �A.t i o ns , and 2 . 5 . 2  Chc�mi cal Ana lys is 0f Feeds 

Th e s e  data r equ ire d  no s t at is t ical analys is . 

2 . 5 . 3  Diges tib ility of Ra t ions 

S i �nifican t ly d i f f erent (n < 0 . 01) r e�re ss i on coef f i cients w ith -

in treR tments ( s ee Annendix IX) meant tha t  anRlvs is of the DH d ig e s tib i l i ty 

data cv s tannard ancova , us ing th e SF d ata qs the conc omitant variab le �  

r,;ras not possible . The treatmen ts were cons id en:!d to be f ixed e f f ec t s  

( S ear le and Fm·7ce t t  � 1970 ; S ear l e , 1971) and a type I analysis o f  

variance ( anova) (Eis enhar t , 1 9 4 7 )  \vas used to analys2 the d a ta 

accord ing to Mod el ( 1) . 

y i i = � + t 
i + e 

ij 

where � = a g enera l mean 

t
1 

the ef fec t of the ith treatment , i = 1 . . . 3 

----·- ( 1) 

and e
ij 

= the res idual error , which is assumed to have zero mean , 

cons tan t  vari anc e anrl no correla tion with o ther error s . 



B ecause a f ixerl e ffects mod el was assumed , the computation of 

P s tat is ti cs was based on t h e  exp ectations of mean squar �s shown in 

g eneral is ed form for the more comnlex three-way model , numb er ( 2 )  

( see  tab le 2 . 2 ) . To ninu1ise the risk o f  erroneous conc lus ions from 
anova analys i s . th e SP data �.;rere tested for homo�eneity among 

treatment groun means A. lso using Hode l  (1) .  

Hod el ( l?l •.;as C! g;<11n usG(l in analys inp b oth the f ib r e  and crude 

nrotein d L; e s t ib i l i ty data . al thou?,h only one examr> le of the analyses , 

tha t o f  DH (Hg c�s t ib i l i ty , i s  p res enter.. in AnNmc1 ix IX . 

I n  the an?.ly s i s  of thG DOM va lue data , nre c is e ly the same s e t  
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of c ir cums tanc e s  nr-3vailed as for tt1 e DH d i ,� e s t ib i lity d ata , pre c lud in� 
the use of s t andard ,qncova analy s is . Cons eauen t ly � Mod el ( 1) was 

us en in the :�nalys(�s of the DOH , 1_1E , ME and (Hges tib le c rude nrote in 
con t ent data . 

2 . 5 . 4  Vo lunnary In t2ke 

D e s n i t e  a s i:;nif icant ("P < 0 . 0 5) reRr;�ss icn r e la t ionship b e tween 
comnari s on peri od DH intakes and tho s e  of the s t andar d i s ation per iod , 
covari an c e  analys is ,,1as ine f f e c t ive in reduc inl! th 2 res idual variance 
or error mean s quares . As an analysis o f  vnr iance shovle '�. no s ir;ni f icant 
d i f f er enc es b e tween the S"P treatment means , a thrcc-�..ray , tyT'e I anova 
Has emn loyed in analys ing th e comparison peri oC. DH intake de.ta ac cord inr: 
tc Mod e l  ( 2 )  ( a 2e Arpendix X) • 

Hhere 

Yi'jk. = IJ + t
i 

+ Pi +b k  + ( tr.)
ij + ( th)

i k + ( ob )
j k 

+ eij k --- ( 2 )  

� = a general me an 
t .  the effect of the i th trea tment , i = 1 . .. 3 ]. 
? .  = 

J 
bk = 

( tp) ij 
= 

( tb) ik 
= 

( pb) jk  
= 

eijk = 

the ef f ec t of the j th per iod , j == 1 . . . 6 

the e f fect o f  the kth b lock , k = 1 . . . 5 

the ef f ect o f  the f ir s t  on1.er interac t i on b etween 
treatnent and ner iod 
the effect of the f ir s t  order intearc t ion between 
treatment and b lock 
the effect of the f irst order interact i on b e �ween 
peri od and b lock 
the residual error ab out wh ich the same as sumptions 
are made as shown for Mode l  (1 ) I t  should be noted 
that the effect of the s econd order interaction ( tpb)

ijk 
�annot be s eparated out in th is particular mode l .  
becaus e there i s  no replication in sub-gr oup ijk . 

In order to .calculate valid F values for these ef fects it was 



necessary to consider their exY'ected mean squares in an analysis of 

variance ( Sokal and Bohlf , 19 69) . .f\ generalised terninology is used 

in order to avo:U! repetition of the fol lowinS!, tab le ( Tab le 2 .  2)  where 

other similar type I 9  fixed effects models are used. 

Tt�lLE 2 .  2 :  Type I anova for Hod<:!1 \:2} with expectecl mean squares 

5 7 . 

�ce of Vari�tion I df
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Hain Effects --r- I 
T ll' a *-- 1 _b2 + _b_c_ 

I 
l e ( a- 1 )  

r b - 1  

i 2 ab . r. I C·- 1 I 0 + - ( c- 1 )  e 

I I 2 c 

I !Firs t Order Interact ion 

c 2 � 
bk 

( a- 1)  (b-J. )  I cr + ( a- 1 ) ( b-1 ) I e 
T X p 

I 2 b 
( a-1) ( c- l )  I (J + 

I e ( a-1 ) ( c- 1 )  T x I3 
I 
I I 2 I a 

ab ' ) 2 .L � tp . .  l ]  i -i  � 

ac 
L: 
ik 

( tb ) �k 

b e  2 (l:l-1) ( c-l) 

I 
0 e p X B + ( b -1 ) ( c- 1 ) ;.;. ( pb )  . ,  J k Ji< 

I abc 
( a-1) (t> - 1) ( c-l) ! 2 1 0 + .L ') 

( tpb ) -

i 
I 1 
I 
J I 
i 
1 Error ( includin3 s econd 

order interaction I I c ( a-1 Hb- 1  ) ( c-- 1 )  i. jk ijki  

* The notation a ,  b and c refers to the nu�b er of each of the main 
effects in the analysis. 

As can be s een from the expected mean squares in Tab le 2 . 2 ,  to 

enab le strictly valid comnutation of F values (i.e. signficance testim!) 

it is necessary to �ssume that the added m ee.n sq uare due to the second·­

ab c  1 L: 2 
order i nteraction ( 7(-a--1�)�(�b--�1�)�(-c--�1�)i j k (tpb ) i jk ) is equal to zero. If  

however , a seconc order interaction does exist, as is  likely with this 

DM intake data? the bias is not too serious nrovided the i nteraction 

is not large. The F value is merely def lated and the probab ility of a 
type I error. in f act, becomes less than that stated. 



On comp le t ing the DM intake analy s is using Model ( 2) , a h igh ly 

signif i c ant T x P interl'\cti on e f f ect \vas found . To ob tain more 

inform a t i on on this irrmor tant interac tion 9 a f:T,vo-way , f ixed effects 

s er ial ancova ( A�mendix XI ) t,.ras carr i ed out according to Mode l ( 3) . 

whe re 

y ij k = 1-l + t
i + fJ j + ( tp) 

ij + sj ,j - 1 xij'k: - · 2
ij k 

1-1 a p,enera l mean 

t 1 
= the effect of the ith tre atment , i 1 . • .  3 

n .  ' ] = th e  e f f e c t  o f  the j th neriod , j = 1 . . .  6 

---- ( 3) 

( tp ) 
ij 

= the ef fect of th e  treA-tment by r.eriod interac ti on 
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13j , j -"i the coe f f i cient of the regres s i on of per iod j on per iod j - 1  
DM in te!.kes 

( X .
j k - X) where X

i i
' is DM intak e  in period j -1 1 ..; K  

= the res i rlual err or ab out lvh ich the� s a111e as s umi"t i ons are 
made as shown for Horlel ( 1 ) 

The conf ounding influence of adapt a t i on res�ons e s  by th e s teers 
to the CP maiz e s i l aRe rati ons lee. t o  the ommis s :Lon of c er t ain per iods 

from th e ana lysis of the intake d at a .  The s ame type I anova , acc ording 
1tl Hodel (2 ), lvith �eriod e f fe c t moci f iec , was emn loyeo . Only 0ne 

exrunn le of th is modifi 2.i analys is , that of DM.: intc.ke ex:Jres s ed as a 

per cent age of liveH<'-� igh t , is nr�s ent ed in Apryendix XI I . Hmo1ever . all 

oth er intake meas ures not inc ludeo in Aoner/ix Xl: I ,  crude orotein , 

dig es t ib le crude protei n ,  t rue prote in , non- -rr�tein ni trogen , DOM , DE 

and ::1E '"ere als o  analys ed us j_n� �1orle1 ( 2 ), modi f ied f or period ef f ec t 

by r emcval of �er iod one . 

2 .  5 .  5 Ni trogen (N) Balnnce 

A non- s ignif icA.nt ( P  > 0 . 0 5) :regres s ion rebtionsh ip b e t-ween CP 

and SP N b alance cl.atl:! prevent e d  the us e of e.ncova analys is . Cons equently 

a f ixed effe c ts , two-way anova wf!.s us ed ac cording to Mode l (' 4 j  the SP 

data als o b eing tested as a s afeguard agai ns t drmo1:i.ng erroneous conclus ions 

( s e e Appendix XI II) . 

where 
y ij == iJ + t

i + b j + e
i j  

� = a general mean 

t
i 

= th E: e ffect of the i th t reatment , 

b
j 

= th e effec t  of the j th b lock , j = 

= 

---- ( 4) 

i = 1 3 

1 . . .  3 
eij th e residual error , ab out wh ich the same assumpt ions are 

made as shown for Model ( 1 ): . . I t  should be noted that 



the interaction effect ( tb )
ij 

cannot b e  separated out 

in th i s  model becaus e there is no replication in sub ­
group ij . 
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T�s ts of s ignif icance were b as ed �n th e ex�ectat i on of mean s quares 
as sh own in gen(�rali s ecl form in Tab le 2 .  2 ,  \·lith the sam e  as sum:;:> t ion 
ab ou t th e conf oundinp; .')f the int eract:f.on e f f ect wi th the residual error . 

1-'todel ··(;4) ··>as r:1ls o us ed in the analy s i s  of b o th the N intake 

and ur inary N i.:::•. c . ·  · :- J on data , \vhi le th e f eecnl i'1 ex cret ion data \vas 

tes t ed us ing Hc.•.kl ( 1 ) .  Only th e one examp le of these analy s e s 9 that 
of N r e t ent ion , is f.< res ented in ADp<:mdix XII I , 

2 . 5 . 6  Liveweigh� �ein 

Once again A lnck of r e lat ionship 1-, etween C1:' and S P  data prevented 
the u s e  of ancova .qnalys is . Ins tead , a thr ee-1:.ray , f ixe�. e f f ects anova 

mod e l  s imi lar to Mod0l ( 2 ) , as shown in 2 . 5 . 4 , w?.s us ed ( s ee i\ppendix 
XIV ) .  The only modi f i c � � i on was in the neriod ef f ect , whe r e  (j = 1 ,  2 )  

r ep lace r1  ( j  = 1 , • •  6 ) . Ttw s ame assum>tions ab out th e Il'ar,ni tude o f  
t h 8  s e c ond ord:=;r interactiun '.·!ere made and the s ame nroc�dure f o l lowe·i 

in the compu t a t ion cf F values . 

.!', h ighly s :f.gni f i cant 1' x ::' inter a c t i on ( s Ge .!\pnen.rl ix XIV) resulted 
from this analys is u f  the livet·7ci�ht p,: ain dc.ta . 1Jh ilc inf ormat ion was 
no t ava i lab le for the fur th e r  annlys is of neri oc� two l! a ins ( s e 2 s ec t ion 
2 . 4 . 6 ) , intermedi nte livewc iJ�� t s  f or per iod o ne enab led inves t ige. t ion 
of the caus e of th e T x P interac t i on in that Deriod . Th is 1:vas dcne 
by s er ial covariancc analys is o f  weekly mean liveweights . A one-�.ray , 
f ixed eff e c ts ancova bas ed on Mod(� l ( 5' )' · ·  1;,;ras used ( s ee Appendix 1.'V) ,  

wher e 
Y ij = IJ. + t

i + j3 xij + �ij 
IJ. - a general me an 

t . =  the effect of the i th tr eatment i = 1 . . . 3 l. 

----- ( 5) 

... �.· � the coef f ici ent of the regres s i on of liv e�11eight on the 
preceding week ' s livewei�ht 

xij = ( Xij - X) , where Xi j  i s  livevreigh t  for any week les s one , 

in period one · 

e
iJ

" = the res idual error about which the s ame assumpti ons are 
made as shown for Model ( 1) . 

.. 

The s er ial ancova s trong ly indicated DM intake to be having a 
conf ounding inf luence on measured liveweiP-ht gain , and correc tion for 

intake was cons idered des irab le .  To th is end , liveweigh t gain within 



each threeMweek per i od was rep;ressed on DM intake per 100 kg U! for 
that period and the adjus t ed means analys ed by one-way , f ix ed effects 

ancova accordinP, t o  Model ( 6 )  ( see Appendix XVI) . 

where 

y i . = � + t 
i ., 13 xi J� + e i . J J 

----- (6) 

� = a g eneral Mean 
t:.f. "' th e ef fect of th e ith trentment , i = 1 . • .  3 

P = th8 coe f f icient o f  the regr ess ion of livew e i�ht gain 
wHhin each ;;eriod , on 11M intake per 100 kg li vewe igh t 
for that period 

X; • = 
-] 

e
ij 

= 

(X • .  - X)  .. where X . .  is DM intake per 100 k� live�vei>;ht , 
�] . l.J . ' . 

wHh in a peri od 

the res idual error s about wt d ,..� the s ame as sumpt ions 
are made as shown for !·1ocl e l  ( 1 ) . 
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Gitt' .. PTER THREE 

RESULTS 

D1". ta nres entution in th i s  ch apter is b r ie f , its ex tent b eing 

detcrmineci. only by cr.npatab i l i ty ":ith the pur p o s e  of a c cu:::-a t e  

r 2 pr e s ent ation o f  resu lts . 0 eneat e� r e f er ence is mRde � throuflhnu t ,  

to the apc:>endices '.vher.e suppc•r t i ng j_n f orma t io� enc'. per t inr.:!nt data 
analys es can bG fn�nd . Unle s s  o then1is e s taterl . data var iab il ity 

is expressed in the fc·rm 0f standard error of the �:tean . To f a c i l i t a t e  

ease o f  c r o s s  r e ference , the chanter is d es igned t o  f 0 llm1 th e 

layou t of s ect ion 2 .  4 of '1ethods and l (<l t er i c l s , Exper imentAl 

Proc.3dur e s . 



3 . 1  PHYS ICAL ANALYSIS OF RATIONS 

The comnonent feed c on tents of th e dry ma t ter of the thr ee 

Comnar ison Per iod ( CP) rat ions are Dres ented in Tab le 3 . 1 .  

6 2 . 

TABLE 3 . 1 �  Component f eed c on t ents o f  the dry ma t ter o f  the CP rat ions 

r-
-

! Treatment ·c-\� rcentage Comp osition 
(Dr-1 basis) 

Hay 56 + 4 
EB 

ll ar lev He a! 4 4  + 4 

! 
I Maize S ila�e 99 . 0  + 0 .05 i t--------
1 

Hineral Supr lerrtent 1 . 0  + 0. 05 

riaiz e S i lai! (; 9 7 . 5  + 0 . 1  

r1ineral Sun;: lcment 0 . 9  + 0 . 03 

B iuret l Ji + 0 . 06 -

Tab le 3 . 2  contains the res u l t s  f r om the fur ther rhys ical analys is 

of the mai 7.e s i l age . 

TABLE 3 . 2 :  Phys ical comnos i t ion of the m�ize s i lage 

I s ource of ·-bter ial : Comnonent 

At Harves t  Grain 

Husk 
Le ?..f 

Le af 

S tem 

Af ter Ens Hinr, Grain 

3 .  2 CHm!I CAL AN/>.LYS IS OF FEEDS 

Sheath 

I ?crcentav,e Composition 
i 

(D£1 basis)  t:s . o + 1 . 0  � -

1 2 . 0 + 0 . 4  Ear - - 5 7 . 0  
-

I 1 1 . 5 + 0 . 5  � 5 . 5  + 1 . 0 
Leaf = 17 . 0  

-

26 . 0  + 1 . 0 -

3 2 . 0  + 5 . 0  

Th e  proximate analysis (AOAC , 19 65)  of the CP rat ions is sh own 

in Tab le 3 . 3 .  
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TABLE 3 .  3 � Proximate analys is of G? rat iona (m1 b as is ) 

! 
Chemi c a l  F.a t i on HB Ration Ration 

MS HSB 
Fractions Cornryonents Components Components 

% % % I % /, % 

Dry Hc>.tter Hay 84±5 85 Mai ze - i 3� I : \aize 3 3  
B ar ley 89±1 S i lag e 31±2 S i laee 3 1±2 

Hineral 1 M.ineral Sum,lement 9 7 . 61 S upplement 9 7 . 6  +, B iuret 9 1 . 2  r Crude H ay 29 . 0  t3 . 6  I1aiz e  I1ai z e  19 . 5  
F ib r e  5 . 3  ! S i lage lC) . .: I S i lage 19 . 5  I 

I 
! 

I I 

Bar ley 

Crude Hay 10 . 0  1 11 . 1  H11i z e  
9 .  71 

9 . 7  Haize 13 . 6  
Prot e in 

B ar ley 12 . 5  S Ua7, 2 S i lage 9 . 7  

I : ·uneral 
10 . 31 l1iner a l  

S upplement Supplement 10 . 3  
I 

B iuret 250 . 0  
·-· --

Ash . Eay 7 . 9  5 . 7  Hai z e  7 . 4  � !aize 6 . 6  7 . 2  
S i lage 6 . 6 I 

S i la;.e 
B ar ley 2 . 9  

Hineral Hine:ral 83 . 0  

L I Supplement , , I S unp lement (J .. � • 

! B iuret 0 . 1  
E ther H ay 4 . 5 3 . 0  Nai z e .I 3 . 9 Haize 3 . 8  

Extract j Bar ley 1 . 0 
S i la� e  

3 . 1 

S i lag e 3 . 9  

Nitrogen Hay 4 8 . 6  6 1 . 6  Haize 59 . 5  Hn ize 5 5 . 9  
Free 

Bar ley 7 8 . 3  S i lage 60 . S i lag e 60 . 3  
Ex t ract ; ! ! 

Th is ana lys is was p er f ormed larg ely t o  enab le compar is ons to b e  

made with s i lages us ed b y  o ther workers .  I t  is cons idered b y  th e writer 

t o  b e  not entirely sat is factory ( s e e  4 . 2 . 2) 9 and fur th er analy s es of 

th e carbohydrate fract ion were carr i ed out ( see 2 . 4 . 2) . Results are 

pres ented in t ab le 3 . 4 .  

i 
' 

I 
I 

I 

! 
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Tl�LTI 3 . 4 : Analys is o f  th e carbohydrate fract ions o f  the er rat ions 

by th ?. acid d etergent f ibre and neutral detergent fibre 

techniques (Van Soes t � 19 6 3 9 196 7 )  (% n f  to tal DM) �al 

, ,. ract1.ons 
J "  Ration 

,,om?·_,nen ts 

I I I 
I I HJ3 I 

I ' 
Ration Rat ion I j }iS MS 13 Comncnents I Components I 

I 

I 
I I 

I 
i I 
I 
I I 

I 
I 

l 

"' .... } % % I .% 
% % 

A.c id Det erg ent H:iy 3 6 . 2  23 . 5  I Hnize  1 26 . 0 1-iaize 25 . 6  
Flbre (Lignin 26 . 3 i  S ilage 2 6 . 3  1 B arley 7 . 4  S ilar,e 
+ Cellulos e) I I 

Neutra l Deter- I Ha:,; 6 1 . 1  43 . 2  Haiz e  36 . 7  Naize 36 . 2  
gent Fibre S i lage 37 � 1  S i lag e 37 . 1  
(Cell Hall 

ii ar ley 2 0 . 5  I 
Cons ituents - ! I lignin . cc llu-· I I 
los e ,  h er.l i-
cellulose & I I bound protein I 
and ash) _j_ I -

I< ead ily I T-Iay 19 . 5  I · o ·' i 43 . 8  Maize 1 43 . 1  .!'.&. . c  j �1aize 
f enientab le I . S ilage 44 . 2  S i lage 44 . 2  I B ar ley 6 7 . 'J  I 
carb obyd!:'atc I i 

( inc l .  s tarch ) I I j 
! I I 

The fu:r ther A:-�a lys iE o f  th e crude protein fract ion of th e r a t i ons 

is prss ented in t.qb le 3 . 5 ,  vlh ile: the calc ium , ,,� osr-h or u s  and sulphur 

contents ar e shown in tab le 3 . 6 .  

TABLE .3 .  5 :  Com�os :!.t ion o f  the crude ;)rnteir.. f rr-!cU8n of th e CP r a t i ons 

(% of to tal DH) 

I I 
I I ' 
i 
! 

I 
I I i i 

J i 

-' 

Ch emical I P..3 t ion I Ration I itation I 
Fractions Components 

HB 
Components 

�tlS 
Components 

MSi3 I % % % % % % 

True Hay 7 . 7  9 . 2  Maize 3 . 1  Maize 3 . 0  
Protein 

B arley 11 . 0  S ilage 3 . 1  S ilage 3 . 1  

B iuret 0 . 0  

NPN - Hay 2 . 3  1 . 9  aaize 6 . 5  Maize 10 . 4  
Protein 

Barley 1 . 5  
S ilage 6 . 6  Silage 6 . 6 

(N x 6 . 25)  j B iuret 250 . 0  
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TABLE 3 . 6 �  Calcium p phos Dhorus and sulphur contents of the CP rations 

Hineral Ration 

Componen ts 

% 

ea Hay 1 . 2 30 

Bar ley 0 . 05 6  

f---
p Hay 0 . 2 8 0  

B arley 0 . 340 

s Hay 0 . 2 2 

B ar ley 0 . 14 

-

N/S Hay 7 / 1  
! -. 

: B ar ley 14 / 1  

I I I Ratio::1 
HB HS I Component s 

% % % 

0 .  7 1  '1<:d z e  1 0 . 5 3  
S i.laze 0 . 460 1 

1\fi ner al 
S upp l . l2 . 341 

I 

0 . 31 Mr.ize 
S i lage 0 . 2 7 0  

Hineral 

I Suprl . 4 . 9 28 

i 0 . 18 Mai ze 

lJlago 0 . 13 

ner a l 
Upf'l • 0 . 4 7  

j l0 / 1  I Maiz e 
' , S ilage 1 2 / 1  

0 . 3 2 

0 . 13 

1 2 / 1  
I 

3 . 3  DIGESTIB ILITY OF RAT IONS 

Ration 
HSB 

Comp onents 

% % 

�1aize 
S i lage 0 . 460 0 . 5 6 

! ltfineral 
Supp l . l 2 . 34 1  

�1aize 0 . 3 1 
S i lag e 0 . 2 7 0  

Mineral 
Supp l .  4 . 9 2 8  

Haize i l") 1 '< I V 0 

.. � 

S i lag e 0 . 13 

Mineral 
Sup;1l . 0 . 47 

fl1aize 17 / 1  
S i lage 1 2 / 1  

I 

I j 

The m1 � f i(;r2 (Van Soe s t ,  1963) and crude protein (AOAC , 19 65)  

ap�ar ent digestib i l i t i e s  of the three CP r nt i ons are present ed i n  Tab le 3 . 7 .  

Ti\j'3LE 3 .  7 :  App::tr ent di� e st ib i li t ies of the DM , f ibre and crude p ro t e in 

f r ac t ions 0 f  the CP rat ions 

D�1 Fit. r e  I Crude Prot e in 
Rat ion D iges t ib ili ty (%) ( Cellulose + Lignin) Diges tib i li:ty (%)  

Diges t ibility (%) 
. . 

H..t:\ 6 7  l 48 i 6 2  � MS 6 2  + 1 50 ± 1 . 5  57 + 1 ·- � HSB 6 2  4 7  6 4  

The statistical s ignificance of the d i f f erences bet:t-1een treatment 

means for each of the ab ove ilarameters is . shm-m in Tab le 3 . 8 .  An 

example of their analy s is by anov a ,  us ing mode l  ( l} ,  is pre s ented in 

Appendix I X .  

I I 
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TABLE 3 . 8 :  S tatistical s ignif icance of the d i f f erences b e tween 

treatment means for DM , f ib r e  and crude pro t e in 

dig�stib ili t ies 

DH Digest ib ility Fib re Diges t ib ility 
Crude Prate� 
Dig e s t ib i l i ty 1 

F.l3 -, HS** ·"1o S ig ni f i cant HB .> l 1S** 
I 

HS = HSJ3 Diff erences HS < HSB** 
(P _:::,. 0 . 05) HSB = HB 

MSB < lill*�t j (P > 0 . 05 )  
'--· 

** 1% level of s ignif icance . 

The d ig es t ible organic mat t er ( DOM) ann di8e�tib le energy (DE) 

contents of th e CF rations , as measured , are contained in T.:1b le 3 .  9 :· 

a long �Ji th e s t ima ted metabolisR� le Qnerp.y (XE) c ontents (B .lax t er �t al , 1966 · 

ll ryant , 19 7 1) . In L�b le 3 . 10 are pr es ented th e rli � es t ib le crude protein 

contents . 

T!J3LE 3 .  9 ;  DO!'! , DE and t�E cont ents o f  the CP rati. ons � inc lud ing th e 

apparent ·�i ges tib i lity of �E 
-! DOH DE I l-tE I f 

Rat i on -· (% . -i 
of :UH) (� 0f GE) (Kcal /kr, DM) (Kc a l /kf! DH) _j 

----

HB 
MS 

MSB 

I I 66 � <: .J9 � 
59 ) 

I 
6 7  I 

+ 1 + 1 61 l - .... 
6 1  

2 9 80 2 4 30 I 

') f) + I + �.67 � 
2 6 4C � 

- 40 I 2210 � - 30 
21 70 � 

There t.;ere no s ignif icant dif f er ences b etween the MS and USE 
rations in terms of DOM c ontent , percentag e digestib i li ty of GE , and 

I 
I 

DE and HE c ontent s . In each case how·ever , the HB rat ion -.;�as s igni f icant ly 

h igher ( P < O . O l) . 

TABLE 3 . 10 �  Diges t ib le crude prot e in cont ent s  of CP rations 

Treatmen t 

HB 

HS 

MSB 

Jig . Crude Protein Content (% of DM) 

6 . 9 l 5 . 5  ± 0 . 1  

8 . 7  

I 

I 
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All diges t ib le crude protein content treatment means were highly 

s ignif icant ly dif ferent from each o ther (P ..::::· 0 . 0 1) . 

3 . 4 VOLUNTARY INTAIZE 

T".:"eatment "1ean daily dry mat ter int akes averaged over each �veek 

of the experiment are shm.;n graphically in Figure 3 . 1 .  Over al l mean 

daily dry mat ter intakes for the thr ee groups of s teers dur ing th e 

compar ison period are pres ented in Tab le 3 . 11 .  

TABLE 3 . 1 1 :  Mean daily dry ma t t er intakes of treatments dur ing 

th e compar is on period (kg /day) 

: 
Two I Treatment All S ix Period One Per ioes One & Periods One , 

I 
"P er iods Omitted Two Omitted & Three Omit t ed .J 

HB 6 . 04 1 6 . 0 8 l ± 

5
.
9

1 

l 5 .  7 4 l 
MS 5 . 5 8 ± 0 . 08 5 . 9 1  0 . 08 1  = . 96 ± 0 . 06 6 . 05  ! 0 . 06 
MSB 5 . 17 5 . 56 "J . 7 5 i 5 . 9 8  

I ' 

A s er ies of figur es relat ing to di f f ering time per iod s  are 

pres cnted 9 s :i.nce at the s tar t  of the compar ison period the two maize 

silage groups v1ere St\ddenly introduced to thei r experiment al rat ions , 

and a per i od of adapt ion to the ne•.; d iet could be expec ted . 

Cons iderat ion i s  g iven to the s t at i s t i c a l  s ignif icance of th e 

d i f f erences between tr ea tment s in Tab le 3 . 1 2 .  An examp le o f  the 

analys is of these dat a .  us ing Hod e l  ( 2) is pres ented in A1Jpend ix X .  

TABLE 3 . 1 2 :  S tatistical s ignif icance o f  d if f erences between the 

treatment mean daily dry ma t ter intakes shmm in Tab le 3 . 11 

r· 
All s ix per iods ?er iod One Periods One & Peri0ds One , Two 

Omitted Two Omitted & Thr ee Omitt ed 

HB > MSB** HB :=,. MSB** HS > MSB* MS > HB** 

HB > MS ** HB = HS MS = HB MS = MSB 
(P ·>· 0 . 05) (P > 0 . 05 )  ( P  > 0 . 05)  

MS > HSB** MS > MSB** HB = MSB HSB > HB* 
(P > 0 . 05 )  

* 5% level of s ignif i cance 



i I 

6 8 . 

The time trcnc in the animals ' respons e ( s ee Appendix X) showed 

DM intakes during per iod one to h e  s ignif icantly l0\-1er (P � 0 . 01)  than 

durine th e f ive subs equent per iods ,  �7hich did not differ signif icant ly 

among t� e.-nselves . �oreo,rer $ a s erial covar iance analysd.s using Model 

( 3) - � ( see 2 .  5 .  4) , shmved the s ignif icant treatment by period interaction 

of Mode l  ( 2) , apparent in periods one , ��o and three (Table X . v , 

Appendix X) , to be st least par tiel ly generated by the larg e drop in 

intakes of the two silage groups in period one ( see Figure 3 . 1  and 

Appendix X I) . 

Ttlith these analys e s  inc'.icating adaptation respons es to th e maize 

s i la� e rations , mos t  evident in the f irst  pe riod , to be so powerfully 

inf luencing result s , it  was cons idered that mos t meaning ful es timates 

of DM intake for con.-tparat ive purposes �10ulil. be those excluding p er iod one . 

Such f ig�res are rerroduced in Table 3 . 13 ,  along �dth equivalent data 

expressing intake 2s a pe rcentage of  live\<leigh t . 

TABLE 3 . 13 ;  Mean daily D� intakes of  C? rations �-1ith period one omit t ed 

Component 

Tr ea tment P.at ion DM Intake Feeds DM DH Intake 
k� /day Intake (% Liveweigh t) 

kg /day 
-

HB 6 . os:o .os  HB >!1SB** Hay 3.40 2 . 68±0 . 0 3  HB >MSB** 

Bar ley 

l Meal 2 . 66 

HS 5 .  9 �-to . os HS = HB Haize ! 2 . 7 2+0 . 03 MS = HB 

(P > 0 . 05)  Silage 5 . 85 (P > 0 . 05)  

Mineral 
Sup{Jl .  0 . 06 

MSB 5 . 56±0 . 08 MS B<NS** Maize 2 . 56±0 . 03 MSB<HS ** - Silage 5 . 41 

Mineral 
Suppl . 0 . 05 

Biuret 0 . 0 9  
! 

In the analysis o f  the DM intake data for the ent ire comparison 

period , using Model ( 2) (see Appendix X) , the first order interactions 

contributed s ignificant ly (P < 0 . 01) to the t otal mean squares . 

Cons ideration of the DM intake respons e  to treatment mus t therefore 
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FIGURE 3 . 1 :  Treatment mean dai ly DM intakes averaged over eaah week :�  

showing the treatment by pe�Zod interaation 
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FIGURE 3. 2 :  'l'reatment mean dai ly DM intakes during the comparison 
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F:!GURE 3. 3 :  Comparison period me an  dai Zy DM intakes of b Zoaks p l-otted 

agains t time3 showing the absenae of a period by b Zoak 

interaction. 
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include th ese interac t i ons . They ar2 pres ented graphically in 

Figures 3 . l s 3 . 2 ,  and 3 . 3 9 end ere d iscus sed i tl section 4 . 2 . 4 .  
The DOH and DE int�1kes 9 top:ether with c alculated ME intakes 9 

are pr es ent ed in Table 3 . 14 .  ';7hile N int akes . in var ious f orms ? are 

co:1tained in Tt?.b le 3 . 15 .  

TiillLE 3 . 14 :  Hean c.aily DOM , DE an-:1 tifE intakes of treatment s ,  based on the J''I intake data o f  ::ab le 3 .  13 ( i . e .  Period. one 

omi tt ed.) 

Tr eatment 
DOH I ntake 

kv /day 
-· -

HE 4 . 0 1  l 
MS 3 . 49 + 0 . 0 5 -

MS:S 3 . 2 8 

DE Intake � Intake 

Megacalor ies /day Me�aca lorie s / day 

18 , 1 l lL, , 8  l 
15 . 8  + 0 . 2  13 . 1  ± 0 . 2  
1 4 . 7  12 . 1  

- : 

All intake p aro.mP-t er means in Tab les 3 . 14 and 3 . 15 were analysed 

us ing Hod e l  ( 2) ( 2 . 5 . 4) modified by exclus ion of pe!'iod one . An 

examr le o f  th i.s type cf c. nova cm� inta.ke as a p ercentage of l iv er·Jei?,h t )  

i s  sh own i.n Aupendix XI I .  '!'he treatment Iaeans for DOH , DE and �1E 

i.ntakes all di f f ered f "L om each o tl.1er h i gh ly s ignif ican t ly (Il < 0 . 0 1) . 

TABLE 3 .. l.5 ; M·�nn c.ei.ly crude r; r ot ein , d i w : s ttb le crud e protein � true 

p r o t e in and non-pro t e in nitro��n intakes of treatmen ts , 

based on the :>H intake data of Tab l e 3 . 13 

Crude P r o t ein 
� Jifes t ib le r n �Non-Protein 

· rue .t ro te n 
Tr eatmen t  

HB 
HS 

HSB 

Intake 

kg / day 

0 . 6 7  l 
0 . 5 7 ± 0 . 01 
0 .  76 . 

Crud e Protein 
Intake 

Intake 

kg /day I kg /day 

0 . 418 I 0 .  559 � 
0 . 327  ± 0 . 006 1 0 185 l + 

1 o . 484 � 0 . 16 9  
1 

I Ni trogen I 
Intake 
kg /day 

0 . 0 18 
0 . 005 0 . 0 5 9 1 ± 

0 . 09 5  

The tr eatment means for the intake parameters contained in Tab le 

3 . 15 �  except true p rotein intake � were all h ighly s igni ficant ly 

dif f erent from each o ther ( P  < 0 .  0 1) • The true prote in intake f or th e 

HB ration t·7as s ignif i cant ly greater than that for either the MS or MSB 

0 . 00 



rat ions (P < 0 . 0 1) � wh ile the dif ference b etween the two maize si lage 

rations �vas s ignif icant only at the 5% leve l .  

3 .  5 NITROGEN (m Bi\.LA1'"1CE 

7 3 .  

Mea-n daily N intakes ,  and ur inary and f aecal N outputs , recorded 

dur ing the comparison period , are pres ented in Tab le 3 . 16 .  

TABLE 3 . 16 :  Mean daily N intake , urinary N output , f aecal N output 

and N b alance for each treatment dur inp.: the comparis on 

period 

Treatment N Intake Faecal N Output 
Group g /d"iy g /day 

}iB 107 1 I 40 l ± 
3 '1S J 96 + 5 I 42 

HSB 1 141 1 5 1 

.,..----

Urinary N Outpu 

g /r� ay 

40 l 3
0 

± 2 
65 ) 

N Balanc e 

g /day 

27 l ± 
3 24 

25  

Tab le 3 . 17 contains ?.. sur:1.mary o f  t h e  s tatistical s ignif icance o f  

th e d i f f erences be b.•e en th e three treatment s for each of the narm:1e�ers 

sh own in Tab le 3 . 16 .  The se data He·r:-e all analysec! us ing � fodcl ( 4) , 

exc ep t faecal N ,  for <,7h ich Hodel { 1) wns emp l oyed ( see 2 . 5 . 5) , An 

examr le o f  the s e  ano lyses , that o f  th e N r e t ention data . is :::resent ed 
in 1\.ppendix XII I .  

TA...lLE 3 . 17 � Statistica l  s i�ni f icance of d i f f erences b e tween treatment 

menn d a i ly N intake , faecal N ou tput , urinary N outpu t 

and N b alance during th e compar i son period 

Daily t1 Intake Faecal N Output Urinary N Outnut N B alance 

HSE > MS** MSB > HD  ( P < O . lO) MSB > HS ** No S ignif icant 

HSB > HB** MSB > MS (P < 0 . 10) MSB > tE** D if fer ences 

HJ3 = HS MS == HB ( P > O . lO) HE > HS* 
(P > 0 . 05) I ' ! 

3 . 6  LIVEWEIGHT GAIN 

Weekly mean livewe igh t s  for each treatment , in b o th the 

s t andardisation and coopar ison periods , are shown graphically in 

Figure 3 . 4 .  Mean daily liveweigh t gains f or each of the treatments 

dur ing the compar ison period are presented in Tab le 3 . 18 .  The 
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analysis of  the liueweight gain data by Model { 2) can be f ound in 

Appendix XIV . 

TABLE 3 . 18 :  Treatment mean daily liveweigh t gains during the 

comparison period 

Treatment 

HB 
MS 

MSB 

Mean Daily Liveweight Gains over 

S ix-week r- • � . ompar �son Period (kg /day ) 

0 . 44 l 
0 . 5 2 ± 0 . 0 6  

0 . 5 1 

�Ih ile there �vere no significant differences between the thre� 

treatment means , rates of gain �vere on average s ignif icantly higher 

(P 1!iL 0 .  0 1) in period t�vo than in period one . However , because of 

the highly s ignif icant treatment by period (� x P) interac tion 

(?  < 0 . C l) � the T' eriod e ffect has limited meanine . The T x P inter­

action ( see Appendix XIV) -::-eveals that whil::: in period one ( f irst 

three \veeks of th e comparison perio1) the m•:!an rate of gain of the HB 

treatment t.Jas s ignifi.cantly higher than either the MS or MSI3 treatment 

(P < O . Ol) , during period two ,  prec isely the reverse situation exis ted . 

For the MS and i'1S3 treatments , the increase in rate of  gain from 

period one to period two was signif icant at the 1% level , while th e 

decrease in rate of gain for the HB treatment during the s ame time �vas 

s ignificant at the 5% level .  

Unf or tunntely , the absence of intermediate livewe ights in the 

period two data prevented further s tatistical considerat ion of the 

apparent depression in rate of gain of the RB treatment during that 

period . It  is suggested , however , that it was possib ly a result of 

the highly s ignificant r educt ion in intake (P  < 0 . 01) ( see Figur e 3 . 1  

and Appendix X) of  the HB group in the sixth , compared with the fifth 

week of the comparison period . This was likely th� result of an 

unavoidab le change in the nature of the hay f ed the HB group during 

the las t week of  the comparison period . 

The availabili ty of  intermediate liveweights in period one 

made pos s ib le the further analysis of the significant T x P sub-group 

differences during tha t  period . Serial ancova analysis of mean live­

weights for each of the three weeks during period one , using_ Model ( 5) 
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indilzated the bett.1een treatment cUfferences in period one to have in fact 

b een generated in the fir s t  w·eek of the three l•7eek period . An example 

of these serial ancova analys es is pres ented in Appendix XV .  Ref erence 

to Appendices X and XI fur ther r eveals tha t  it >i!c>.s in th is same f ir s t  

l�eek o f  the compar ison period that the s ignif icant T x P interac tion 

in DM intake over weeks one 1 two and three was largely generated . It  
'l.ilould s e�-n c lear thnt the 3 0  t o  40% decrease in mean DH intake during 

week one of the co:;.1parison period ( s ee Figure 3 . 1) as the MS and HSB 

treatnents adapted to completely new diet s , had a considerab le effect 

on apparent rate of livew·eight gain . 

On the b aais of this evidence i t  was f elt that more meaningful 

interpretation of the treatment �ffec t s  c ould b e  ob te ined by adj u s tment 

of the liveweight gain data through regresa ion on DM intake . To 

overcome the influence of animal s ize on maintenance intake requirements , 

the DM intake data r,ver.e express ed per lOO k>; liv�veight . The adj us t ed 

data �,wre analys ed by ancova us ing Hodel ( 0) ( see Appendix XVI ) , and the 

treatTient means are presented in Tab le 3 . 19 .  

TABLE 3 . 19 :  Mean liveweight gains o f  CP treP..tments adj u s ted by 

regress ion on DN intake per 10 0 kg Uv 

Adj us ted Mean Daily Liveweight Gain S ignif icance of 
Treatment 

kg/day Differences 

I 
HB I 0 . 30 � !-!!\ <: MSR* 

MS 0 . 48 + 0 . 08 H!3 = MS (P > 0 . 10) 

MSB I 0 . 70 � �fSB > MS ( P <  0 . 10)  

The implications of th is ana lys is are discuss ed i n  s ec t ion 

4 . 2 . 6 .  



CHAPTER FOUR 

DISCUSSION OF RES ULTS 

In the ma in . this .chapt er i s  conf ined to the d i s cu s s ion o f  

r e sul t s  a s  T)resented i n  Chan t er Thr e e . r.;rher e , hovever , ideas emerge 

from cons id e r a t ion o f  the resu l t s , anri the s e  have been t e s t ed , new 

material may be presented . 
The chaT) t er f a l l s  into tt.ro s f:? c t i on s . th � first of w·h ich 

cons iders the suc c e s s  of the e�per i�ent as d e s i�ned . D i s cu s s ion 

of the ac tual resu l t s  ferns the sec ond sect ion and follor.r1s p r ec i s e ly 

the layout of  Chanter Three . 
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4 .  1 A POSTE'P.IORI CONS !DERATION OF THE EXPERIMENTAL DES IGN 

On th� evidence of Kinca id et al ( 1945) , ,.\shton et al ( 1955b) and 

Bailey et al ( 19 5 8 ) , i t  �as sugg es t ed in Section 1 . 5 . 1  that under 

stringent manager ia l condit ions with co�ariance design , a c o e f f i cient 

of var iat ion of 107, in measured l ive-..Jeigh t  !lain might he exr e cted . Hith 

the f ive animals per treat111en t and three t rea tment s ,  th i s  \.JOu ld have 

permit t ed detection of b e tween trea tment di ff er ence s of 0 . 1 5 kg at the 

5% leve l of s ignif ican c e  with � nroh �b i lity of 6 5% . 
'fowever • the coeff icif. m t  of var iat ion for l iv;.:·:wight gain in 

the present s tudy �·1as found to he 4 1% 9  ;:,nd c ovar iance analys is W9.S of 

no d irec t use •.rh1." tsoever . Only the more sonhi s t i cated anova nrocedures 

fol lot.red �wu ld have enab led s ignif icant differences of  0 .  20  kg /day 

to have bee!l detectwl a t  th-2 sr, leve l , had they existed . The ques t ion 

immed ia te ly a.r ises as to the reasons for h o th the inef f e c t ivene s s  o f  

th e covar iance <1 e s ign "l.nd the high v ar i�b i li ty of th8 l iveweiq"ht ga in 

d a ta . 

Beyond dou,..• t , T)i � intake exerted a p mwrful influence on liveweight 
gain during the c ompar is on. ner iod ( s ee ?i�ur es 3 . 1 9  3 .  4 2nd XVI . i) 
desnit e the s tandard ised we igh ing and r egular feed ing pra c t i ces ad o� ted . 
In ligh t of thie fact , the ··rri t e·.:- ,  in recons ider ing the oroc edur c>s 

f o llowed dur ing the exner imertt 9 r,roulr, s trons;ly criticise the decision 

to S\·litch the "�<fS and HSB treatments trom th.e he.y ann barley r a t ion of 

the s t andard is�t inn T'er iod d irec t ly to t h e  n:1n i z e  s ilar.;e of the comnarison 

rer i od . Th is sudden chang:e ef fec t :.t..vely ob l i terate::! the d e s irab le 

s tabi l ising tnfluence of th1� standarrl isRt ion ·-,8r iod and resulted in 

the internretativc nroblems of adan t a t i or1 re sponses in the GP data . 
The other rather unfortunate managerial circt�ms tanc e , Nhich would 

tend to inf late the varia� i l i ty of \ve igh t gain , was the s l ight change 
in the nature of the hay of the HB tre atment in the s ixth �.;reek of the 

comparison 11eriod . Th is 'vas both un<"lvo idab le and undes irab le � e.nd 

together with the adaptation resnonse to the maiz e q i lage feed ing , is 
cons idered respons ible , at leas t in uar t , for the high coe f f icient of  
variation of the livelveight gain data . 

Of greater concern , however ,  was the ineffectiveness of the 
covariance des ign in reducing the coeffic ient of variation of adjusted 
treatment means . The CP gain data failed to bare any s ignificant 
relat ionship to that of the standardisation period ( Section � . 5 . 6) .  



This s eemed to b e  in c o�n lete c ontras t to the evidence presented in 

S ec t ion 1 . 5 . 1 .  Fur ther uerusal of th e l i ter a ture � however , r evea l s  an 

impor tan t omiss ion from the cons id erati ons d is cus sen in S ect ion 1 . 5 .  

That i s � that 'AYhilc the advant age s o f  covar i an ce des i<"n have been 

var i ab le ( Green et a l , 1952) , they have t: een c cns isten t ly ab sent f r om 

short term growth s tud ies l.<1s t in»; Ul" to 10 "'Jeeks ( P :1 tchel l 9 1956 ; 

Bailey et al , 1 9 5 8 ) . The r eas ons for th is arc not r>h s cur e and should 

have heen reali s ed in '!"'lanninR tha pres ent ex0 er irnent .  

7 8 .  

I t  rvas shorm b y  Knann ,qnd Clark ( 194 7 )  that in three succ es s ive 

84-day ;) ariods , the l iveHeight gain corre lat i on was cons iderab ly g r e a t e:r 

be tv1een the s econd ,qnd third periods than e i ther the f i rs t  and s ec ond , 

or the f ir s t  an� th i rd period s . Gene t i c  inf luences acc oun ted for 

10 , 54 and 84% of the var iat ion in gains for e ach of the thr ee :-er iods 

resnec t ively . Th is  is c0ns i s t en t with the renorts o f  b o th Ashton e t  al 
( 19 5 S c )  and Bai ley �-t al ( 19 5 8) , shor..Tin� rer1 u c ed coef f ic ients of 

var ia tion for l iver.re i�ht gain 1vi t h  time . 

The succ e s s  o f  the covar iancc� desi�n i s  clearly d ependent on th e: 

nronort ion of the error v-'lriance \vh ich is due t o  the b e t"VJeen animal 

var iabi l ity in inherent p-r0111th chAracter istics  and q enet i c  pot entia l . 

In short ten� grmvth stud ies of s ix v!eeks 9 sucl:l 2s the Dre s ent : it i s  

clear tha t d1 es e �enet ic influences account f o r  a surnr i s ing ly sma l l  

nronort ion ( less ti!an 10% )  o f  t h e  var iab i l ity i n  liver.;ei�ht �ain 

( Knapn & Clark , l9 4 7 ;  B ai le y  �al , 1958) . In vievJ c•f th is evid enc .:= , 
the non-s i�ni f icance of the r egr e ss ion of C� wciRht gain on SP weight 

gain is no t surnr is in>? and s imilar circumstances Hould ex,..., l n i n  the 

noor r elat ionship in the M r etent ion data . 

In terms of DM intake , S t one e t  al ( 19 6 0) showed c onsis ten t  i n t ak� 

ranking of C A t t le nn a v�r iety o f  fora� es , and a r �P.r es s ion relationship 

b e tween th e two n eriods of obs e rva tion in th is nresent s tudy mi�h t h ave 

b een expected . vJh i le a s i1!nifi c.qnt regre s s i on was recorded ( s ee 2 . 5 . �.) 

it was of no value in reducing the error var iance in ancova analy s i s . 

The d iges t ib i l ity data also provided s i�nificant CP/SP relation­
sh ips , but with in- treatment re�res sion coef f id. ents were s ignif icant ly 

d if f erent b etween t r eatment �rourys ( s ee F igure IX . i) . The r easons 

f or th is are ohs cur e . If meaningful , the re�ress ions show that the 

steers with the high e s t  DM dig es t ibi li ty on the HB ra t ion in the 

s tandardisation period , held the same rankinp in the c ompar i s on per i od 



on the HB and HSn r.<1tions , but ranked in exactly the opposite order 

on th e HS ration . The chemical chA.rac ter i s t ics of the three rations 

( s ee Sec t ion 3 . 2) were not sufficiently d i f f erent to support a sound 

�rr>,ument for adantation in exnle.ining th i s  f inding . I t  is therefore 

considered a n  art i f act . 

In contrast to the inefff ectualnes s of th e covariancc des i!!,n 

in analys is of the measured >"�e.rameters , the r�1ndonisecl. b lock f eature 
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of the d.es i�n ])roved r�tos t  succes sful in reduci ng th e unaccountab le 

var iation esnecta l ly vd.th the intakE: data . The ;'r ocedure also provided 

three treatment n;r ou"'S \vi th almost ident ical liver.veigh ts at the start 

of th e coMparis on peri,xl , a cons ideration �reatly assisting internr etation 

o� results . Randomisad b lockin� is  sugg es t ed as hcing essential in 

this type of growth s tudy . 

Here the exn eri1:1ent to b e rerl.es ig;ned 11nder the s ame limit ing 

cir cums tances of dnima l numb ers and leng th of t ime avai lab le for a 

comnari son neri0C1. , i t  �<Tould no t b e  altered greatly . The s tandarn i s ation 

neriod is cons ideren im�ort ant in its  s t ab i l is inQ effect on animals ' 

rates of gain . The chnnge t o  the comnar i s on r; criod rations , ho1t1ever , 

1/JoulO. be made gradually so  as to avoid th e conf ounding inf luence of 

large intake f luc tunt ions on live\-?ei.ght ,:win . Such e. procedur e should 

reduce th e coef f i cient of variat ion fnr weic>:ht (�e. in be low the 4 1�� 

recorded in th e pre se:1t s tudy , an0 result in .9. mor e sens itive exnerim.ent . 

Should more e.nimals and a Qreater tine period have b een avs i lab le 
it is imnortant , on the b asis of the present f indings , to ,qscer t .:>.in 

the relative advanta�es of increased animal numb ers and increas ed 

length of comnar is on per iod . In this s i tuation , interes t no longer 

centres on the treatments 9 b locks , anc1. per iods DS sne ci f ic , f ixed 

fac tors . Rather , they can be cons idered merely as examp les of a range 

of poss ib le s elections from A population of each . Under thes e 

circums tances the livewe i�h t gain analys is us inq model ( 2) , changes 

from a tyre I to a tync II anova ( Sear le , l9 7 1) , enab ling es timation of 

var iance components ( see Appendix XVII ) . Wh ile S earle and Fawce t t  

( 19 70)  have elucidated the errors as sociation with a finite rather 

than the infinit e  population implied by the type II mod el , adj us tments 

were not made as · they were cons idered not to be of importance to the 

present situation . 

In this way , i t  was sho\VO that in an experiment such as the 



pr es ent , a g reater reduc tion in error var iance can be effected by an 

increas e in th e n1Jmbe r of neriods ( le ngth : of exper iment) rather than 

increas ing th e numb er o f  animals .  Th is conclusion is in accord with 

the f ind inp.s o f  Bai 1.ey e t  al ( 19 58) b ased on a lar� e numb er of shor t 

t erm growth studies �,,ith cat t le . They r eport p.:rcntP-r experimental 

precision throu�h doub ling the comnaris an �eriod frorri three to s ix 
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�veeks than thr oueh doub lin� r cp lica ti c'n fr o11-. f ive to ten animals per 

tre atment . For th e rresent s tudy , d oub l ing th e number of animals per 

tr eatment f r om f ive to ten W0'Jld h av e  in fact e ffec t ed a les s er reduc t ion 

in the variance of  a t reatment mean than length eninr, the expe r iment by 

one pericd ( i . e . thr;:,e weeks) . 

4 .  2 INTERPRETATION OF RESULTS 
4 . 2 . 1  "Physical Analys is of Ra ti ons 

The dnta r-resen t ed in T.<>.b le 3 . 1  vJc,uld indi cate that the rat i on 

f eed ing pr0cedures �·7erc s atis fact ory . Tn at t ain the targe t  l ivewelgh t  

gain o f  0 .  7 5  kg /d8.y 9 4 27, n f  th e DM consumed hy t h e  HB treatment had t o  

b e  b ar ley me a l  ( s e e  ��nend ix I I I ) . The 44% achieved closely a11prox imates 

this cb j e ct ive . More c·.rer , i t  was es ti:11.a t ed th P. t  th e b iur e t  supplementat ion 

�·muld rais e the crude �rotein c nnt ent of th e m;:d.ze silaRe to b e tween 13 

and 14% (DN b as is )  ( a ce Se c t i on 2 .  2 .  3) . As c an [>.:} s een from Tab le 3 .  3 ,  

the quant i ty o f  r iure t  consumeO. did exactly this , 

Compar is on of T ab les 3 .  2 am1. 1 . 1  revea ls that the nhys ic al 

compos i t i on of the Hew Z ealand grmm mai ze silage useci in th e _  present 

stuciy , aligns closely with that of s ilage produ c e0 in Amer ica fr om 

maiz e harves ted at the s imi lar dent -glaz e s t age o f  matur ity ( 30- 35% DM 

content) . The outs tanding f eature of this d ata is the h igh grain 

content , 45% of total DM. To further demons trate its s igni f icanc e , 

gros s ener gy rleterminat ions (adi ab at i c b omb calorimeter) \\lere made on 

samples in which the grain had b e en s eparated from the r es t . Gross 

energy dige s t ib i l:itics 1\lere as sumed (t10rr is on , 19 5 7) and the es t ima t ed 

proport i on of the t o t al di ges tib le energy in the grain frac tion of the 

silage at h arves t is shown in Tab le 4 . 1 .  I t  can be seen that th e gr ain 

cons t itut ed approximately 60% o f  the DE of the silag e at h arv,e s t . 

The impor t ance of not harves ting too early is demons trated by 

the only s imilar �"ork carried out in New Zealand recently , that of 

Waghorn ( 1973) , where maize h arves ted only a little ear lier at the 



TABLE 4 . 1 :  Import ance cf the ?,rn.in fraction in maiz e  s ilage 

Characteristic Grain % Rest 

DH 45 

Gross Enerp.y 46 

DiP-es tib le Energy* 59 

* Assumed d i�es tib i li ty of GE - 85% f or �rain 
- 50% for res t . 

55 

54 

41 

% 
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dough-- dent s tage of maturi ty ( 2 7% DM) contained only 36% grain (DM b as is ) . 

The loss in both Dl1 yield and diges tib le energy content is iLTUned iately 

apparent fro:n b o th Fip.ure 1 . 1 and Tab le 4 . 1 . 

One apparent anomaly in the clata pre s entee: in Tab le 3 .  2 is the 

rectuc tion in meas ured �rain content from l evels est�nated prior to 

harves t 9 to tho s e  f ound following harves t and ens iling . The :nagni tud e  

o f  the drop from 4 5  t o  32Z �rain content i s  s imil ar to tha t  i n  th e C:ata 

of �-laghorn ( 19 73 ) . It "Ymuld s e em imT)rob ab le that the mis s ing grain is 

being fermented during ens i la�e , as b o th Barnet t  ( 19 5 4 )  and Johns on 

et al ( 196 6b ) sugg es t th at very lit t le hydrolys is of s tarch occurs 

dur ing this proces s . lfui le the unsui tab ility of harves tin�S equipment 

avai lab le for the pres ent �..rork resulted in the loss of cons iderab le 

grain b oth in the f ield anrl in trans it to the s ila�e s tacks , the mos t 

p lausib le exn lanation s eems to b e  that the f ine chop�ing of  the material 

may render part of the grain fraction unrecognis �b le in th e hand 

s eparat ion technique us e� in this analys is . Ccns equently 9 the measured 

grain content in the maize s i lage fo llm..ri ng ens iling is likely to under­

es timate the inf luence of the grain on i ts nutri tive value . 

4 . 2 . 2  Chemical Analys is of Feeds 

Comparison of Tab les 1 . 2  and 3 . 3  reveals a s triking chemical 

s imila�ity ben1een New Zealand produced maize silage and that produced 

in America . The only differencffi appear t o  be in the crude protein and 

crude fibre contents . The higher crude protein content of the s ilage 

b eing s tudied ( 9 . 7  versus 8 . 6% of DM) is likely e result of the h igh level 

of N fertilizer used to produce the maize crop ( s ee Appendix IV) . The 

inf luence of N f ert ilizer levels was clearly estab lished in Sect ion 1 . 3 . 1  

and is not further dis cus s ed .  In contras t  the s lip.ht ly l�7er crude 

f ibre content of  the pres ent s ilage ( 19 . 5  versus 2 3 . 0) is pos s ib ly a 



ref lection of its h igher DM cont ent ( 3 1 vers u s  28 . 5) and as sociated 

h igh er grain con tent . 
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�·lhile the crude pr ot ein c ontent ( Tab l e  3 .  3 )  varied b e tween CP 

rations , 9 . 7 9  1 1 . 1 and 13 . 6% f or MS , HB and HSB ra tions respectiv e ly � 

there was a close s imilar i ty b e nveen crude f ib r e  contents and , with th e 

excep t ion of MSB , the NFE fractions . The higher crucle pro t e in cont ent 

of th e MSB rat ion wc>. s  natural ly reflecte� in its lm-ler NFE content . 

The ques ti on ar ises , h owever , as to the meaning of the s e  

comp os i tional s imi larities o r  dis s imilarities . �orman ( 1935)  and Van 

S o es t ( 1966)  have sbJtJU qui te c lear ly that wh ile the crude f ibre 

meas urement gives some indicat ion of the amoun t of rougha�e in a rat ion , 

i t  does not me asure the s ame material in all rations . Although the 

crude f ibre fr�ct ion contains only ce llulos e and lignin , it conta ins 

vary ing amounts o f  each deryending on th e f eed ; the los s o f  lignin 

from the fraction of ten b e ing extens ive (Norman . 19 35 ) . C ons equent ly , 

it Has cons idered that more meaning ful cornnar is ons between rations 

could b e  made on the b as is o f  acid-·det ergent f ibre (l\.DF) me as urements 

(Van S oes t , 19 63)  �vhich inc lud-� all of b o th the lignin and cellulos e 

fract ions . Horeover , j us t  as the comn o s i tion of the crude f ib re 

fract ion var ies t ctHeen feeds , so  it is likely to vary b e tween feed and 

the f aeces produced from th at feed ( Norman , 19 35) , tendin� to invalidate 

crude fib r e  dig e s t ib ility as a neasure o f  f � ed value . For thi s  reas on , 

th e more reliab l e .\DF measurement was used to determine f ibre d iges t ib i li ty 

in th e �res ent s tudy . 

Des p i t e  i ts suuer iority over crude f ib re , ADF is �rob ab ly not 

the f ib re me asure mos t clos ely corr elated �vith nutri tive value (Van 

S oes t , 19 7 1) . I t  has b een pointed out by Van S o es t ( 19 6 6) that cer tain 

f r act ions of the h emicellulos e ,  not i nlud ed in th e ADF , s uch as the 

xylans 9 can be les s  diges t ib le than cellulos e .  Van S oest and Marcus 

( 19 6 4) and Van S oes t and hTine ( 19 6 7 )  have therefore proposed a neutra l­

de tergent f ib re (NDF) measurment wh ich s eparates the cellular mater ial 

from the ce ll lvall cons t ituents . The writer cons iders th is th e mos t 

s a t is factory f ib re measur e , as i t  dis t inguishes be tween the almos t 

comp letely dige s t ib le cellular content s  ( 9 8% t rue dige s t ib i l i ty ) , and 

the cell wal l  fraction of var iab le diges tib il i ty (Van Soes t , 1967) . 

Unfortunately the extreme filtration prob lems encounter ed with th is 

teClhnique precluded i t s  us e in compar ing the d ig es tib ili t i es of the 
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cell wall cons ti tuents o f  the rations us erl in th e pres ent s tudy . I ts 

measuremant in the rations thems elves , however , did enab le the 

es timfltion of readily fermentab le carb ohydrate content , a fraction of  

more meanin\l, ful value than the conventional NFE , Not only is it devoid 

of hemice llulos e (Van Soest and Marcus , 19 6 4) , but it is also free of 

th� ''aria.�' le lif{nin content of the N"'PE (Nor:nan , 1935) . 

In contrast  to  thG crude f i� re , the ADF measurements ( Tab le 3 . 4) 

reveal dif ferences between the rations . The lower level of ADF in the 

HD rat ion probab ly ref lects an extremely lm-i lignin content of the 

b arley meal . Despite this , the high hemicellulose content o f  the hay 

( Tab le 3 .  4 ,  sub tractine ADF from NDF and adj us ting for cell wall-bound 

ash and prot ein) meant that both the maize s i lage rati ons contained a 

little more readily fermentab le carbohydrate than the hay Rnd barley . 

TI1e ab sence of maj or differences between the carb ohydrate 

fractions of  the r a t i ons as fed i s  oerha�s not surnris ing wh en it is 

cons idered that al l  three were comb inations of roughag e and concentrate 

in net vas t ly di f ferin?. nroportions .  

The crude protoin fractions , ho1:o1evcr , reveAled larg e between­

n.t ion di f f erenc es on thei r further anelys is ( sec Tab le 3 .  5) . Hhile 

33% of the crude protein of the HB ration Has true protein , equivalent 

figures f or the MS and MSB rations were 3 2% and 2 2% resnectively . The 

ethanol extraction technique , hmvever , us ed to remove� the NPN !ilay b e  

sub j ect to a sys tematic error caus ed by its failure to extract the 

nucleic acid N (Bailey . pers . connn . ) . The low true protein values 

fer the mai ze  s ilage rations are therefore unlikely to  be under-

es t imates . 

{.Jhile it is known that s i lages may contain much NPN ( Barnett , 

19 54 ; Macpherson and Violante , 1966a , 1966b ; Voss , 19 6 6 ) , Johnson 

et al ( 1967)  ( s ee Tab le 1 . 3) f ound 56% of the crude protein in maize 

s i lage to b� true protein . Th e  reason for the relatively low level 

in the maize si lage b eing studi ed is not clear . A di screpancy due to 

the different methodology cf Johns on et al ( 1967) ( tungs t ic acid 

precipitation of true protein) is undoub tedly possib le , a lthough it is 

likely that both methods exclude amino acids and small p eptides from 

the true protein f raction . However , as is mentioned in Appendix VI , 

air entry into the silage s tacks was unavoidable ,  render ing the 

pres ervation of the s ilage les s  than excellent . Under s uch conditions 



extens ive proteolys is may t ake place (Hacpherson and Violante ,  19 66a) . 

The s ignificance of b o th the p r o t e in and carbohydrate analys es 

w i l l  h e  d i s cus s ed irr Telation to ration diges tib ili ty in Section 4 . 2 . 3  

and N uti lis a tion in S e c t i on 4 . 2 . 5 .  

The phosphorus content of the t:taJze s i la�e b eing s tudied Has 

very s inila::: to that reported in the li ter nture ( compar in� Tab les 3 . 6 

:;;.ncl 1 . 3 ;  0 . 2 7 versus 0 . 2 37; of DH) . The NRC ( 19 70)  s ugges ts a 

r equL_- emen-:: of I) .  28% f o;� rapidly groHing 2CO k� s teers .  Cons equen t ly , 

the add i t i on o f  th2 minera l s :J.pple·;nent to r::ds e  the. '? content to 0 .  3 2% 

avoided any pos s ib i H ty of  a d>::: f i c iency . 
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I n  contYas t ,  hm·rever . the calcium cont ent was cons iderab ly above 
generally CJ.cce;, t e d  valuec at O . Lf6% cow.p11red with 0 . 2 9% of DH ( Tab le 1 . 3 ) , 

end in ex cess of th e NCR ( 1970)  requ:!.r emen·� of 0 .  36% . vJhile the 

litej_-a':::ure is ;- ��ar.'tant th 'Ol. t  ma�-�c s i lq; e is marf� inaJ i:l i t s  ea and r 

contrmts , the prcscmt avj_dence would suRges t th f:l.t except for rap id ly 

t:::- m·l ir..g cnlvcs , minera l  s un.�1 lc:nentat ion '.nay b e  u:mcc e s s ar:;· . The 
pres ent f ::..rrHr.��s do not , ��o�.;rcv.zr , :ccfute th e mar':dnal natur e of the 
m�nera: content o f  mai z e  s i l age . 

I t  was suggested in S ection 1 . 4 . �  that e ulnhur was r equired in 

N me::eJJ c lism . An N/S rRtio of 10 / 1  t•ras cons iderec'. to b ('! requ ired by 

rt:-:r,::_na:·. t!" (A]_lauc:"y c.nd Th or,r:.:J o:l ,  19 6 6 ) , and ty-:cical i'' A. i :: c  s ilag e  >Jas 

fo:.tnc! ::: o hcvc a ra t i o  of 13 / 1 .  T'n c r: i::'_age us ed :�n th e pres ent s tudy 
:.-es cz.1� lecl ;:·_, :Ls f igure c los c l�- at 'J. Z / 1._ ,  e1 e add J_ t :!. on of b iuret -v7idcnin�; 
tl.>:: H / 3  ;�at t o  '�c. 17 / 1 .  Tt.c sulphur cont ai'!ed in th e r.1ineral sur11lernent 

1ms ins u f f i c i ent to alt er the overn . U  ration c ont:er. :: P!1d th � pos s ib i li ty 

c�ds ts that s t� lphu-.:- nw.y have b eat limlt:i.ng N ut i l5_s <>-t ion in t:1e HSB 
treatment . 

4 . 2 . 3  Diges tibility of Rations 

The apparen t DH diP,estib :- U t ies of the bvo maize s il(lge treatment s 

pres ented in TC'.b le 3 .  7 ,  s ee:n cons idernb ly lm.;er than th ose repor t ed in 

th e lit erature ( see Tab le 1 . 5) . The six percentage unit depr es s ion from 

the typi ca l  value of 6 8% , for American produced maiz e  s ilage o f  s imilar 

dry matt er content , �vas f irst thought due to the appearance of s eeming ly 

large quan t i t ies of \<Thole mai z e  grain in tl: ; fat;ces. However , measurement 

of the ex tent of [)as sage of undi�es t ed grai.n through the d ig estive tract 

yielded a f igure o f  only 6 to 7% of  the grain DH . Th is was s l igh t ly 

les s than comp�rab le figures reco rded in the literature ( 8 . 5% )  for 
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maize s i lage made at the glaze s ta8e of maturity (Becker. nn d Gd lup ,  1 9 29 )  

0 . 2  to 8 . 3% being reported for s ilage made at th e dough-dent s tage o f  

maturity (Huffman and Duncan , 19 59 ) . 

The undig, es ted grain theory therefore s e emed an improbab l e  

exp lanati on for th e appP.rent depres s ion of 1)� dig es tib i li ty recorded 

in the pres ent s tudy . The pos sil) i li ty exis ted , however , that es timation 

of undiges ted grain \•laS b oth erroneous <md 1m·7 :· as the grain content of 

the s ilag e  t:�ctua1 ly consumef.l. by the s teers HA.s assumed to be the same 

as that in th2 silage offered the s teers . To ch eck the valid ity of 

this nssu�ntion , a fur ther five day f necal co llection trie.l 't\7as run 

�vith t:t.ro COT>7S . Hhi le it appeared that refusa ls may have contained 

relatively more gr!'l.in then the s ilage o ff er e(1 , caus in� over-es timat ion 

o f  r;rain intake , h<>.nd s eparations revealed no rl i f f erence . 

Ther,;; is s tronp, evidence that ap.,.,ancnt :9M di,<�es tib i li ty may h e  

inf luencect h y  level o f  f eeding , and that th e me>!nitude o f  the inf luence 

m:1y d i f f er frol'1 feed to feecl (:-.Tats on e t  al � 19 39 :, Van S oes t ,  19 7 1) . 

In the pres ent s tudy the mA.ize s ilage \vas feci tc anpc;tite ( 2 .  7"/, of  U.1) s 

\vhile f or much o f  the:: \vork reported in Table 1 ,  5 ,  lm..rer lS:vels of 
intake \vere u s  eel. (No llcr et al , 19 6 3 i Colovos � cl , 19 70) . 

tJ .qts on _et e.l ( 19 3 9 ) , Colov0s et al ( 19 7 0) and \.Ji ls on ( 19 7 3) 

hnve reported vari�b le declines in DM cU g es tibi li ty 0f maize s ilap,e 
by cat t le , with increasing levels of intake . The former Horkers 

recorded a deprcs si.c•n of nine per ct.mttt�c units from 7 0 . 4% )  as n::-1 
intake �..ras increAs ed from 1 . 45% of b 0dy weight to appe ti t e . Such a 

respons e  to high levels of intake could well ac count f or the l�Yer 

appar ent di� es tib ili ties recorded in the pres ent s tudy . The ques t ion 

aris es , however , as t o  why the apparent di ges tib i lity o f  the HB rcti on 

appeared not to be s imilar ly de'l)ress ec1 with the �d lib feerlin� . I t  

•..vould seem that the apparent diges tib i li ty of hA.y DH i s  les s sens i t ive 

to level of feeding , 1-Jats on et al ( 19 39) . in keeping with the f indings 

of Watson et al ( 19 3 5) , r eporting small depr es sions only with extremely 

high intakes . I t  i s  therefore poss ib le that lower apparent DM 

diges tib ili ty at high levels of intake may b 8  a characteris tic o f  maize 

silag e .  

I t  is qui te evident f r om  Tab le 3 .  7 thP.t the difference in DM 

diges t ib ility betw een the hay and b arley r ation and the maize s i lap,e 

\vas not a funt ion o f  the apparent diges tib i lities o f  their respective 
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f ibre fractions (ADF- lignin and cellulos e) . These were ess ent ially the 

same.  Naither �vas the effect entire ly due to the lower aT)parent 

diges tib i li ty of the cruc.e protein of the maize s ilage in relltion to the 

hay and b ar ley (Tab le 3 . 7 ) , as the pres ence of supp lemental NPN , 

suff icient to rais e the aflparent digestib ility of the crude protein 

by s even ne rcentage uni ts , failed to alter the overall DH diges tib ility 

o f  the MSB ration . S imilar ly . wh ile no measurements were made on 

hemice l lulose diges t ib ility , its percentage content in the maize 

silag e ( 9. 3% of  DM by difference) would have b een too lo"ltl to have 

substantially affected overall DH diges tib ili ty • unless it was almos t  

tot�lly indi�es tib le .  The only remaining fraction , the ce llular 

cont ents ( 5 6 . 8 .  6 3 . 3 ,  6 3 . 8% of  DH for P.B , MS and YtSB rations 

respect ive ly) � are cons idered a lmost tota l ly dig es tib le in a variety 

of rations (Van Soest  • 1967) . Cons equent ly , it \oJould s eem that 

po tentially the three exper imental rations should have b een of 

s imi lar dir; es t ibi lity • tend ing to exc lude a flOS sib le argument that 

the flres ent maize Has of inferior di�es t ib i l i ty through prob lems 

encounter ed during ens iling ( s ee S ection 2 . 2 . 2  anrl An�endix V) . 
\.Jhile level of  intP..ke mav have contributed to th e lmv DN 

diges t ib ilities r ecorced for maize s i lage in the pres ent s tudy , the 

pos s :tb ility of  measurement b ias , not accounteC. fior in the s tandard 

errors presented �.vi th the res ults , cannot b e  overlooke(l .  That mos t 

read i ly apparent , r esulting from the oven det ermination of s i lage DH 

cont ent , vwuld b e  an under-estimat ion of  DH intake ( Coppock and S tone , 

19 65) , wh ich wou ld in turn denress apparent DM diges t ib i lity . 

However , Bryant ( 19 70) recorded only small (0 . 3  nercentage uni ts ) but 

s ignif icant dif ferences between over-drying ( 100 ° C  for 36  hours) and 

toluene distilla t i on of maize s ilage ; dif ferences suff icient to rais e 

the apparent DM diges tib i lity f igure by no more than 0 . 5 percentage 

units . Further mention of this DM determination prob lem will be made 

with the cons ideration of vo luntary intake in Section 4 . 2 . 4 .  

As could be expected , the DOH cont ent o f  the DM , and the 

diges tibility of the GE ( Tab le 3 . 9) of the rations , followed closely 

the pattern set by �he apparent DM diges tib ility . The es timated 

met abalizab le ener�y (ME) contents howev er , revealed lessened , though 

s t i ll s ignif icant differences between the MS and HB rations ; the 

percent metabolizabili ty of the DE of maize si lap.e b eing es timated 



87 . 

t o  b e  h i gher than for the HB ration (B laxter et a l , 196 6 ;  Bryant , 19 7 1) . 

Cons equent ly the energetic nutr it ive value o f  th e HB and MS rations 

could b e  exoected to be more s imi lar than is ref lected by their 

res n e c t ive DOM cont ents o f  66 and 59% . Th e  supp lemental tWN in the MSn 
ration was cons idered likely t o  incn:;as e the ur inary energy los s , lowering 

th e DE me tab o li zab i li ty to a level b elmo1 th e MS ration . 

Fina l ly , the diges tib le crude protein content o f  th e mai ze s i lag8 

( s e e  T ab l e  3 . 10:  - 5 .  5%) was very s :ini l�:r to the 5 .  7"/, used in calculating 

pos s ib le l evels of produc t i on in S ec t i on 1 . 2 .  The higher d i ge s t ib le 

crude nro tein content o f  the �SR ration would indicate that the 

supplemental b iuret was dis apr:-earing in s ome T.�ray or o ther from the 

di!!es t ive tract . This point �..ri l l  be further d is cus s eti with the N 
b a lance results in S ect ion 4 . 2 . 5 .  

4 . 2 . 4  Vo luntary Intake 

Measurement o f  vo luntary DM intake of maize s i la�e proved 

d i f f i cult in th e ores ent s tudy . The oroc edure was d ependent on 

accurate determination o f  f ee d  and refus al DM cont ents . These were 

f ound to vary in the oven-d ry ing technique us ed ,  with b o th th e s i z e  

o f  s amp le taken and length of t ime i n  the oven . 

llryant et al ( 19 70) had recorded s t atis t i ca l ly s igni f icant , but 

ora c ti cally unim�ortant depress ions of es timated DM content ( 0 . 8%)  by 

oven-drying comp ared with to luene dis t i l lation . Moreover , a s t andard 

error of ± 0 . 0 6 ,  indi cated l i t t le prob lem with th e oven-drying 

techni�ue , and cons equen t ly no particu lar precautions were taken 

prior to commencement of the maize s i lage faedin>! . 

However , on realis in� the variab i lity in measured DM percentage 

with oven-dry ing , depending on procedure f o l lowed , a small experiment 

was conduc t ed with s amp le s  o f  varying size ( 300 , 200 and 100 g) dried 

for either 24 or l18 hour s . The analy s is of th e results is pres ented 

in Appendix XVIII . I t c an b e  s een tha t s amples of s ize 300 � had a 

s ignif icant ly h igher measured DM c ontent than e i ther 100 g (P  < 0 ._05) , 

or 200 g samp les (P  < 0 . 10) • Furthermore , DM percentages calculated 

a f t er 24 hours drying were s igni f icant ly higher than thos e af ter 4e 

hours drying ( P <(  0 . 10 ) . Analy s is of the 24 /48 hour dif ferences ( see 

Appendix XVI II) sh�ved the further mois ture loss after 24 hours to b e  

s ignificantly greater (P < 0 .  Ol) f o r  the 3 0 0  g samples than for either 

the 100 or 200 g samples . The s iz e  of the di fferences were clearly of 

practical importance , the mean difference between the 100 and 300 g samples 

b eing 3 . 9 percentage units . The difference between the 24 and 48 hour oven-



dr{ ing for 300 g samp les was 5 . 9 percentage uni ts , suff icient to alter 

es t imated DH intake by 17% from s ay 8 .  2 dmm to 6 .  8 kg DM/ day . 
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The prob le� emerg in� from this secondary experiment was wh ich 

degree of d rying represented free Nat er loss , and after '"ha t t ime per iod 

�..rere th e vo l a t i le fractions of the DM removed . I t  was c ons idered that 

a 24 hour dryin� t ime �.,as less like ly to r � su l t  i n  DM loss th an 4 8  houz;s 

drying s and '..ras also more des irab le f r om a log is t ics po int of vie,.; . 

�,Ih i le larger samples for DM d eterminat ions represented b e t t er samp l ing 

o f  the s i lage fed , 300 g samnlcs s ti l l  seemed to contain free mois ture 

after 24 h our s . I t  was also like lv that s econd ary fermentation 

c ont inued for a greater length of time in the lar�cr sample s ,  add ing 

yet ano ther s ource of error to the prob lem . Cons equently it was 
decided t o  stannA.rd ise the procedure and use a 200 g samn le overr· 

dried for 2 4  hours at 90 ° C .  

To ch eck on the loss o f  DM involved with this procedur e , a s e r ie s  

of mai z e  s i laRe s ample s were la ter halved , one h alf being f reez e-dr ied 

and th e o ther oven··-dr:f.ed , usin� the same 200 g .  24 hour nro cedure f or 

the oven-dryinp . I t  ,.ras cons ide ret1 that freez e-dry ing wou ld result in 

very lit t le DM los s nnd R ive an a c curate measurement of free mois tur e 

contnnt . The fireezc-orying in f a c t  resulted in a cons i s t ent s even 

percent ( 1 . 3  perc entage units ) h igher es t imat ion of DM content than 
oven-drying . Such a d if f erence �·mu ld hav e  be en suff icient t o  h.�ve 

raised es t ima ted DM int ake by 4 . 4/, ,  and DM n i r, es t ib i l i ty by 1 . 6  

percentage uni t s  from 6 2% to 63 . 6% .  Clear ly , the under-es timat ion of 

DH r Hees t ib ility causefl. by the oven-dry ing could h ave be en greater than 

tvas es timated in S ec ti on 4 . 2 . 3  on the basis o f  Bryant ' s  ( 19 7 0 )  oven­

drying results . I t  is sugges t ed that this pos sib le b ias be kept in mind 

dur ing the sub s equent discus s i on of the intake results . 

The analysis o f  the comparison peri od DM intake data (Append ix X) 

revealed s ignificant ( P �  0 . 0 1) treatment by period (T x P) and treatment 

by b lock ( T  x B) interactions and a non-s igni ficant p er iod by b lock 

(P x B) interaction . I t  is intended to es tab lish the implications of 

these interac tions prior to consideration o f  the main treatment effec t . 

The T x B interaction is shown graphically in Figure 3 . 2 .  I t  

can b e  seen that whi le for the HB treatment ,  DM intakes bore a well 

defined relationship to b lock number ( i . e .  steer l iveweight at the 

s tart of the experiment) , the same did not o ccur with the MS and MSB 



treatments . This would indicate that DM intake on the maiz� silage 

rat ions was being influenced by factors other than liveweight . I t  is 

sug�es ted that the interac ti on was caus ed by the varying lengths of 
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t ime required by different s t eers to adapt to the maize silage feeding . 

the non-s ignif icant P x B int eract ion ind icatin8 the time trend of the 

adaption respons e not to be affected by s teer s i ze (h lock number - s ee 

Figure 3 . 3) . There is no evidence however , that the s ignif icant T x B 

interact ion would bias the ma in tre3.tment effect in any 1..;ay . 

Th e s igni ficance of the T x P interaction , shown graphically 

in Figure 3 . 1 ,  indicates th at in cer tain periods th e DM intakes o f  the 

treatment groups could not be accounted for by the mean effect of the 

trea tment . Therefore , depending on the cause and s everity of th is 

interaction , the treatment DM intake means may have limited meaning . 

��1i le Tab le X . v  shows the interaction effect to  b e  present in periods 

one , two , three and six , s erial ancova analys is (Appendix XI ) revealed 

the interaction during these periods to have b een ini tially generated 

largel y in periods one and s tx .  I t  is highly likely that the change 

from the SP to the CP rations for the MS and '1SB grouns was respons ib le 

for the former , while a s li?,ht change in the nature of the hay of the 
liB groun was thought to h ave caus ed the latter . Clearly , the 38i, 

depres s ion in the DM intakes ot the MS and MSB treatments in per iod one 

would h�ve had a gr eat er influence on the main treatment effect than 

the 1n decrease of the HB treatment in period s ix .  I t  was th erefore 

cons idered that the main t reatmnnt effects on DM int ake would be more 
meanino; ful "t-Tith the period one data exclud0d ( s ee Section 3 . 4) . Hean 
DM intakes obtained in this way were felt to more clos ely approximate 

levels of intake which migh t be exnected on feeding maize s i lage of a 

s im:l. lar nature to other s teers . 

While the emission of the period one data raised the m�an DM 

intake of  the MS treatment to a level s imilar to the HB treatment , 

the MSB treatment remained significantly lower than either of  the o thers 

(P < 0 . 0 1) , even when expressed as a percentage of livm-1eight ( see 

Tab le 3 . 13 )  • 

With the small number of animals used in this s tudy the risk is 

always greater , despite s tatistical s ignificance s that diff erences 

between means may be merely artifacts , rather than effects ascribab le 

to the tre atments anplicd . The pres ent dif ference between the MSB 
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and the o ther t-v1o groups is such a cas e .  The only dif feren ce b etween 

th e MS and the MSB treatments �vas the addition of b iure t  to the latter . 

Whi le the lmver int ake o f  the HSR tr eatment could th erefore b e  

j us t if ieb ly as c r i11 ed t o  t�1e p;:-es enc.?. of biuret 9 i ts b e ing ne ith er toxic , 

nor b i tt•}J.." tas t ing ( Armo trong and Tr inder , 1966) � t.voulcl make th is s eem 

le s s  th a:.-1 l ikely . 

C ons ideration of Figure 3 . 1  r eveals that the t'le<m DM intake of 

th e H.SB tre atment had the t:reater ·i 8c reas c ( P  < 0 . 0 5)  Hi th the rat ion 

change LYi:: the s ta:- t of the c.o�.:�,-,a::::i_s on neriGd , re turning to th e level of 

the MS treatmen t  only after the f ir s t  ;:hyec ne1·:i.ods ( s e G  Tab le 3 .11) . 

C ons equ ent ly the loNer i:1takc for th e ' IS B  tr ea::ment in Tab le 3.13 is 

lar g e ly a r e C. Cl c t i on of the s e c ond ar1d third pe riods , there af ter there 

being no d i f f er enc e . That the gre;;.ter ini t i a l  intake dron could have 

b een causerl by the b iure t , �vi '-:i1 s �b s equcnt adan tiC'n cf th e N me tab o lic 

s y s  t 2f!l rais i-:1>:; intR!<:e , i::; e. n os s ib i li ty . I t  �:<'.s c r: r l: ainly no t ,  h o-v1ever , 

c au s ed by ::>alatab i lity di fferenCC!S , tht:! b iuret fed v i th the rock s alt -

!:> one f l 0ur- , mineral SU'1:-lernent b e  in� const' ,0ed. :n.os t r eacU ly .  

The nos s ib i li t y  e�i s t ed that t h e  fai� ly s l0w apparent adan t at ion 

of th e MSB grou, t o  th e CP diet  ( s a e  F i�urc 3 . 1) was a res ult of the 

ch ang e of d i e �  denress inp.: in i t i a l  �.r.::P.ke ar.:l d 2 cre�s in? � ody v7eigh t ,  

�7h :i. ch :i.'1 +::urn nrovcnted a re turn t o  h i �h er i!ltake levels . l--l o1:vev er , i t  

�.s argt�ed that had th is o c ct•.r rcd , ::he e}:;n.· eo s ion DH int e.ke A s  a 

proport i0n of livc-.7c:i.. r;ht ( Ta1, lc 3 . 13)  -::muld have e J.ir:t:i.nated , or at 

leas "\: rQdu c Q(� su.b s t ;mti<:'.lly , ::he d :L f f e;_· encc! l:w ·:�:ee-:1 th e HSB and the 

r �he::: t�·70 tr eatmcn� s .  Such �-:ns not the CA.S C . 

E'.r irl ence has h. een pro c' '.lced to shmr th ::t t  adap � nti on res pons es 

caus ed by diet changes \oJ'C;:"e resn on<1 :'.b le for the s igni f i c an t  inter­

actions found in the analy s is of the DH intake dat a .  These adan tation 

responses were also lar�ely res iJ ons i� le for the treatment differences 

in intake and it is conclud ed th2t b o th s imil2r and satisfactory 

(NRC s 19 70) l evels of DH intake could b e  expec ted with cattle on the 

three experimental rations ( see Tab le 3 . 11) . However , it is als o 

sugges ted that mai z e  s ilage of lo-vmr DH content ( less than 30% DM) may 

b e  associated with levels of intake bc lmv tha t  of a hay and b arley 

rat ion , Haghorn ( 19 7 3) recordinR ad lib. intakes of 2 . 35% of liveweight 

for s teers on 27% DN maize s ilage . This Hould t �md to confirm the 

conclus ion drmvn from the evidence pres ented in S ec tion 1 . 3 . 4 .  
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All enenw and Protein intake figure s �vere bas ed on the DM intake 

:-lata of Tab l e  3 . 13 ( i . e .  f ir s t  ner iod omi t t erl ) . The ener gy intakes , 
lJOtf , l)E anrl m: (Tab le 3 . 14)  armear to be oven.,rhe lmingly inf luenced by 

the me :tn level of both !X1 intake 1:md DH d iges t ib ility for each treatment . 

Hean d i f f er ences lvere a l l  h i �h ly s i.:enif ic ant , the lm.;rer es t ima ted 

ur in<�.ry DE loss for maize s i lag8 compared ,.,j.th the h ay and barley 

( B laxter et al , 19 6 6 ; Bryant , 107 1) , r esu l t ins in the sma l l e s t  

d i f f erences h e in:! in �1r intake (HS 8n' o f  HB r a t ion compa red with 8 7 %  

for DI)M int ake). F.ven the lm·rest mean }·IS intakE" , that o f  th2 MSB 

s t eers , was suf f ic ient , albeit onlv j us t , t o  me et the NRC ( 19 7 0 )  

requirement s f o r  a 2 0 0  k �  s t eer � -r oNin� e>.t r) .  7 5 ko /day . 
The cner r; c t ic c e iling imn o s ed by the noor m� or r.E digestib i l i t ies 

of the m a i z e  s i lRge in the P.r es ent sturlv is  of concern . Even �.vith 

ni tror.en sunnlementr1 t ion , the maize s ila;1.e �vou ld appE!ar ab le to promote 

g <'l.ins in 200 kg s teer s of 0nl y 0 .  7 5 kr. I rl ay . \,.fu ile such r 2 tes of gain 

are s.::tt i s f actorv , h ir:h er dir.cs t ib i lit ies of Ma i z e  s ilage GE than 

record ;�d here ( 6 1% of  GV.) , \.;ri th ad lib . level .s of f eed ing , \vould b e  

de3 irab le .  Such h iP:hcr r,ros s cmergv (1 i?;es tib i lities for s imi lar s i lag e 

h av,� 1.J oen renor t 2d by B ry;:mt ( 19 7 1 )  ( 7 0% d i r- e s t ib :i.lty of GE) but have 

cont inued to e1uC. e s tud ies at th is Univer s i ty ( Sl'lith , 19 7 1 ·. r,Taqhorn 9 

19 7 3 : Wilson , 19 7 3 ) . Th e nnss ib i lity , exor c s s ed eAr lier in th is 

section , that ryx �i�cs tib ili. ty had been under- e s t ima t ed throu�h th e 

u s e  of  oven D?1 d e t e rm. inat ions , l-mu ld obv l ons l y  have r>. two f o ld eff<;ct 

on D0M ,  DE ann :· r:E intakes , one med iated via the h i �her 1JH intr.�k� and 

the o th er v i<l. the h ir;her DH di)! es tib i lity . Th i s  could be suf f ic ient to 

rais e HS and MS n , ME intak es 7"/. fr om 13 . 1  and 12 . 1  to  14 . 0  and 13 . 0  

meP,acalor ies /dav r esnec t iv 21y . This is t!n:for tunnt e ly a s e r: i.ous pos s ible  

b ias , in all  four s tudi es at  th is Univer s i ty . 

Total crud e �rotein int akes ( Tab le 3 . 15 )  s eemed t o  be in exc es s 

o£ NCR ( 1970)  require!llents for ran idly p.rowin� ( 0 . 7 5 kg /day) , 200 kg 

steers , except for the MS rat ion �vhich was marg inally adequat z .  

However , in terms o f  di�8 s tib l e  crud e orotnin requirements (Morr ison , 

19 5 7 ; NRC , 1970) the MS ration f e l l  shor t by 12% , b o th the HB and 

�1SB rations containing excess quanti ties . 

A striking f eature of the N intake data was the high level o f  

Nl?N consumed b y  the �1SB treatl!lent (0 . 4 5  kg / 1000 k g  l iveweight) .  I t  

was , however , estab lished i n  S e c t ion 1 .  4 . 1 .  2 o f  the review that wh ile 



such a level of HPN feerUnr, wou ld have been reaching the animal s af e ty 

max imum for urea , its being lar ge ly b iuret posed no health haz ard 

t.,rha tsoever . 

4 . 2 . 5 Ni trogen (N) Balance 
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In cons i�eri nf! the N balance r esu l t s , the fate  of the nunp lerr.ental 

b iuret fe•i the HSB rroun is p erha.ns o f  r,reat e s t  inter e s t . Comnar ing 
the HS and MSB f igures in Tab le 3 . 16 , it c an b e  calcu lat ed that 

approximatclv 8 0% of the sunp lementa l  biuret dis e.npeared from the 

0 iges tive tra ct . Uhether h m1ever , th is :'!!'lount w1s .qctually b r oken 

d m·m pr ior to abs or �� t inn l,v the r>.nim.<il is unc lear (Batf ield et a l , 

19 59 ;  Karr et al . 1965a) . I f  sub s tant:l. r1 l  a!:lount s  had been hydrolysed and 

resynthesised int o microbial  prote in , i t  T1ight have 'been expec ted 

tha t  the faecal ou tput of true pro te in f or the MS� Q roun ex�re s s ed as 

a oerccnta�e of t rue nrotein in take , wou ld have b een h igher than the 

s im i l qr f i?;ures f o r  the MS treatment . F'aecal true nro t ein outnut was 

d e t e rmined us ing the e thano l ex tracti ;)n pr ocedure of � ailey ( ners . 

comm . )  , and �.Jhen exnre s s ed as a nercent aq e of true protein int ake , \,ras 
e.na lvs ed for l:> et':.;een treatment differences by anovn. e.ccord in� t o  

�1od e l  ( 1) shovm in 38ctio:L 2 . 5 . 3  ( see ;\npen0. ix XIX) . 

As �.,ould b e  exT)�;.:c ted , the nronor tion o f  true nr0tein intake in 

th e faeces was s io:ni f i ce.nt ly �r eater ( P  ..-..::: 0 . 0 1) f0r � o th the �1S and 

·�sB treatnent s than for the HB treatment . Th is ccmld b e  cons ider ed a 

reflect ion o f  both the low level of true prot ein in the MS and HSI3 

rat ions and an a c tively synthes i s ing rumen microb ial populat ion . 

However , the analys i s  shm.;red the P.:reater ,.,ronortion o f  the d i e tary true 

protein in the faecAl output of the MSB ( 10� �reater) cnm�ared with 

the HS treatment to b e  non-s i�nif �_ cant . Desnite its non- s ign i f i c anc e ,  

if the differ ence '11as r ea l  it Tolould h e  of a mar:ni tud e of nut r itional 

importance . Th e  f indin� does indicate the �ossibi lity of s ome 

incornorat ion of b iuret N into microb ial nrotein , although it �vould s e em 

that the bulk of the b iure t was abs orbed unaltered and excreted in the 

urine . No s ignificant affect on N ret enticn was observed ( see Tables 

3 . 16 and 3 . 17 )  and i t  is possib le that the comparison per iod was not 

l.ont! enough to . allO'i-7 for adantaticn to the b iuret . 
I t  was sugges ted in Secti on 1 . 4 . 1 . £  ot the review that maize silage 

may contain insufficient readi ly f ermentab le carb ohydrate for efficient 

uti lis ation of NPN , especially urea . Conrad and Hibbs ( 1968) had 
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d emonstrated the need for one kg r ead ilv fermen t ab le carbohydrate ( CHO) 

for the ut il isation of 100 g of d ietarv urea , and on the evidence of 

Johnson et al ( 1966b) showing maize s i lage to contain only 9% solub le 

CHO (DM b as is) , Corwock ( 19 69) offered the a� -:>Ve suggest ion . It was 

nointed out by the wr iter in S ect ion 1 . 4 . 1 . 2  that Connock ( 1969) had 

over looked an im�or tant d i f ference b etween th e Johns on et al ( 19 66b ) 

solub le CHO content and the Conrad anct H ibb s ( 1968) read i ly ferment ab lc 

CHO content ; a d i f f erence resul ting from the exclus ion of starch 

from the former detert'lination . Through the measurement of the read ily 

fcrmentable CHO content of the maize s i lRge in the -r:•resent study , 

further elucidat ion of this ques tion is pos s ib le .  

The maize s i lag e uged in the nresent s tudy lilaS shmm to contain 

4 4% readily f erment ab le CHO ( DM has is) ( see Tar· le 3 .  4) . Us ing the 

Johnson et al ( 1966b) f i�ure for maximum solub le carhohydrate content 

of �ai z e  s i lage (9k)  , it can be calcu lated that ap�roxinat ely 80% of  the 

readi lv f ermentab le CHO in the present maize s ilage was starch . 

For the situa t i on d iscus sed in the review ( 1 . 4 . 1 . 2) in which 

5 kg urea were added ryer 1000 kg �.;rhole plant maize s il age ( 33% DH) , 
�.;rith a 90� recovery o f  tl-te urea , the maize s ilage vmu ld contain 0 . 0 13 5  g 

urea/:!. D� and for every 100 g urea , 3260 r. r ead i ly fermentab le CHO ; a 

quant itv v7ell in ex cess of the reauirement s ugges ted by Conr ad and Hibbs 

( 19 6 8) . Such a level of urea add ition would b e  suf f ic ient to increase 

the crude nrote in c ontent of the maize s i lage by 4% (W1 basis ) , a s imilar 

incr ease to that resultine from the b iuret addit ion in the oresen t  

s tudy . r.Jh ile the pnth\vays o f  utili sation o f  biuret remain ob s cure , 

it is rtuite c lear ly not hydrolysed in the rumen tdth the rapidity o f  

urea ( Oltj en e t  a l . 1969) and r eadi ly f erMentab le CHO requirements are 

likely to be less s tringent . I t  is therefore sugges t ed that lev e ls 

of read i ly f ermentab le CHO were quite adequate for e f ficient u t i lisation 

o f  the NPN in the present s tudy , and would b e  likely to have b een 

ade quate had urea been us ed in nlace of the b iuret . 

The mean daily nitrogen retenti ons for the three treatments were 

s imilar ( see Tab le 3 . 16) . All the experimental ani�als being o f  

similar age and under es sentially s imilar cond it ione , it could b e  expect ed 

that N retent ion might correlate with growth or liveweight gain . 

The HB t reatment data were exc luded from the derivation of an 

N retention/ liveweight g ain relationship as the DM intake drop towards 



the end o f  the comnarison per iorl ( s ee F igure 3 . 1) with associated 

changes in gut f i l l , ob li terated any assoc iat ion b e t,4/'een N re tention 
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anc'l. anparent liVeiJCil�ht �ain . "�<'or th e remaininr>, �vo groups a correlat ion 

of 0 .  7 2  (P. < 0 . 10)  wai'> foun�. aml regr es s ing d a i ly N !:" etent ion on live­

weigh t gain �rocuced a s ignif icant ( P <:  0 . 10)  linear regres s ion 

c o e f f i c i ent of 11 . 8  ( see  Fir-ur e 4 . 1) .  qowever , an animal on zero gain 

�vithout iJ orly C ot!l]1 0 S i t ional sh i f t s  mu s t  also h<we z ero N retent ion , and 

cons equent ly the ab ove regres s ion line mus t pass through th e or i p, in . 

The only vlA.v a line f i t t ing the datn cr:tn meet thi s ra11uirement is for 

i t  to b e  a curve . �>lh ile the rlat a are cons i ciered "by the \4/'r i t c�r to b e  
inadequate f o r  the mathematical d e s c r i p t iC'n o f  s uch a curve , a line o f  

appar�nt ly best fit is dra,.m i n  Figure 4 . 1 ,  uR inr-> the r egress ion line 

through the r lo t tec1 noints as part of i t . Fron th is curve it can h e  
seen that a s t eer rc:� t c>.ininR N a t  th e rat e o f  2 5  fdday �'mu ld h ave b een 

gainin� at the rate of 1 kg /clay . Th e  s im i lar f i 1.1:ures o f  Lo f gr een ( 19 6 4) 

woulrl add cr edence to the ma�ni tude of th i s  r e l a t i onsh ip . I n  3n 
exped.ment las tinF 1 3 3  rlavs , Lofgreen ( 19 64) r e'1or te0. s t eers ret a ining 

26 g N /day t o  b e  ? a in im� in b ody "1e igh t at th e rat e of 1 . 0 1  k14 /day 

\vhen f eel ad lib . H i th restricted f ee d in9; and s im:i. lar s teer s gaining: 

at 29% 0 £  the rate o f  t!1 o s e  f ed ad lih . , 357, as much n i trogen \-7a'3 

re ta ine� , a result t endinp to sunnort the curvi linear relationsh in 

sugges tec ab ov.:: . 

Al t:hough N b a lance s tudi e s t end t o  have a number of inherent 
inaccurac i es ( see S e cti on 1 . 5 . 2 . 2) the evidence of Ln f�r een ( 1964) 
�<tould ind i cate a reas onab le accuracy of me.asur eman t i n  :the present 

s tudy , at lr.ast for the MS and � 1SB trea.tr:1ent s .  

4 . 2 . 6  Liveweigh t Gain 

Mean daily liveweigh t gaim for the three treatments during the 

comoarison period were remarkab ly s imilar ( s ee Tab le 3 . 18) . However , 

the highly s i?,nificant treatment by neriod interac t ion (P <: 0 . 0 1 ,  see 
Aopendix XIV) made any conclus ions b ased on the overal l  mean live­

we ight gains of li�ited meaning . Evidence was presented in Sect ion 

3 . 6 , shmving DM intake to be largely respons ib le for thi s  interaction , 

and it was cons idered that more meaningful comoarisons could be mad e 

between treatmentB by correcting for intake . 

I t  is claimed that the DM intake f luctuat ions were no t s o  much 
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prop .:r t i es of the r � t i ofl& , bu� the circums tances under wh ich the r a t i ons 

were fed . I f  the intakes from th e f ir s t  t\vo �·leeks of :::1 e  c omnar i s on 

per i od , 'i•Jhen the !'iS ancl ES!?· treat:nents 'ivere adap tinp, to r a t i on ch anges , 

are ip;nored . th e m0,qn int akes of the thr ee r-,r ouns over T.veeks thr e e  t o  

s ix inclus ive �·Jcre verv s ini :i.er ( s ec Tr.!hles 3 . 11 and 3 . 12) . Cons equent ly 

cons i s t ent ly denres s .::;cl L-,'..: a.kc levels \verc not ."!. chA.r a c t c r is t i c  of any 

nf th"� ra·t ions fed , .?.nr1 ad.i us tment of. the. livc:.Neigh t r�ain data for 

int ake could thcr 0 f ono not s ·vs te:'l<'tttc.:�lly e J.ev�tte [lny one t r c a tnen t , but 

rath e r  wou ld corre ct f nr circw ns tan �� a l  intnke d epress ions , such as 

f o l lmved ration chan�es . 
In orde'� l: o  overcome t h e  prob len of AniMal s iz e  in fluenc in;:; 

maint cr.ar.ce r equireJTJents , li-,c:·Jeic::h �  g aL1 H:'. th :tn each p -::r t ()J Has 

regres s ed on DH :i.nte.kc "j1cor 100 kP; ::.ivo�;ei��h t f0r th e period o Th e 

e.d j us � ecl mcar:s \·Jen:: r.rr;s cn t e ri.  j.- l Tr,::, le J o l9 • e.rd r2..::(c.1 in the order 
BB , l·'.S < MS:l 0' < 0 . 05 2.::.c.l P < O . :'..O rcsv.c �· �va:i.y) . 

To nutom:t'.: :1. ca lly con.c luc.lc A.f.' to the: E; u·)cr ::. ority o f  th e HSR 
1..·n t ion r.rculc1 h c c1 anf?: "':::' ou.s o Co:1s i(�2!' a L :_cn of 'ci'?:U:'(� 3 . l  rc�··enls a s tc2.dy 

inc lu.J iv � .  I t  coulc�. b e  arp.;uccl trwt t: l ,� iucreB.s in;:.: le•re ls of int::1kc 
�wulrJ G l�·Ja te mcastrr 2d ljse;.:e i?.;ht v ain ·::hrou\;h ?ractur.lly increas inr� 

leve ls of gut f i ll , ·ri thout r-,cces s2.r:i. ly c aus i:1r:r the Lnnrop r ia t e  

r efres s i on a(j us tmant o Row�v�r , the N r e t0nti Gn da� a 5  th e nccur ecy o f  
�·Jh ich >·738 vwJ. l '-J teh l:Lsner'l_ in S cc��  ... 0 n  !1 . 2 .  5 ., T.Jou. ld suf>;r<�s t tl:v'l � th e 

measured l iver.;e; if� h t  r.a:tn:. nv er t.' r. r i rylc: f ot·.�: , f :i.v.:; <1C.c1 f /.:� fo::- t o th the 

HS anc HSJ tr e 'lt!'\8:-tts dirl 5_:·t f:ac:: ;:-e.,re;; cn'..: t::ue :, octy r;ain , m:.d �.;ere 
no t e leva t ed 0y incrc�1s ing gut f i:i.:'_ . T>�:sni t c  th i::; ev:f \:.�n e e  • a de f inite 
cor..clus ion is not P.'e.c!e i::1 f <:vou:r of th e h iP.her nu i:riti,.T e value of the 
l-:':SI.I treatmen t . F.ather 5 it is nointer.� out t:hP. t  un(le;� the cond i t i ons 

of the experiment , th � MSB ration ,.,as uneauivoca lly ti1 e mos t  e f f ic i ent 

in promot ing l i-.,re�·Je igh t gc.in o 

Hh ile i t  could b e  argued tha� :::l is superior e f f i ciency �vas a 
func t ion o f  th e lower intakes o f  �1SB group fror:1 vJeeks one to three 

inclus ive ( s ee Tab le X . v) , or a fun c t i on of the increas ing leve l of 

intakes f r om weeks tvm to s ix inclus ive , 1-1 retention evidenc e  h as b e en 

pres en t ed to refute to a degree th e latter . Moreover , the f ormer was 

certainly not mediated via more favourab le ene�gy digcs tib i lities o f  

the maiz e  s i lage t reatment ( see Tab le 3 . 9 ) and on th e evidence o f  



of i\lmquist et al ( 19 7 1) , lmver intakes arc unlike ly to increase th e 

ef f iciency of utili sation of DE . 
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The pos sib le superiority over , or at least equal:f.ty o f  th e  mai z e  

s ilnq;e rat ions to the hav and bar le·;r is (iffi cult to r econc ile w i th 

the lower mec-�sured dis:r es tibi li ties a r>.d metab o lis e.o le energy intakes of  

tht: former rations ( s ee S ections 3 . 3 .  3 . 4 , L1 . 2 . 3  and 4 . 2 . 4) . IJot�.;rith­

s tand:i.nf. the reas omtb ly convincinp.: evidence nres ented in this section , 

favour in?, the reliab ili ty o f  the TJres ent efficiency of v7eigh t gain 

f i.nd} .. ngs , it r e1:1ains Dos s ib le that the s uper i or i ty of the HSB over the 

other treatments is pu rely an ar t if <,ct r esult in� from the sh ort time 

period anrl gut f ill "b ias es not adequate ly accounter1 for . Th is 

qualificntion should. he b orne in mind throu11;� the follor-dng dis cus s ion . 

I t  is suzges ted that the s ituati on may b e  s imilar to that found 
in co,..._pm:-j · --:  the p.;rm-1th per formance o f  sheep on Hanawa short-rotati.on 

and Ruanui perennial ryegras s pastures . lfuile 

of a simi lar DN r':i ::estib ili ty , shor t-rotation hns f>Unported cons iderab ly 

greater live\v9irr,ht r:;ains than nerennial ryer-ras s Hhen consumed by 
sheer to s imi lar levels of intake ( B u t ler et �l , 1968) . Differences 
in the ef f ic iency of uti lis<'!tion of Di.:: T·Hore found (Ulyatt . 1 9 7 1 )  and 
were lan;ely attributed to the ef ficiency ?..r'.v;"'!ntages ass ociated with 

a g reater proportion: of "-oos t-ruminal diRes tion occurring in an ime.ls 

consuming the short-rotation ryegras s (Ulyatt , 1969 ; Ulyatt and 

""1acRae . 19 7 1) . 

I t  was shm-1n in S ect ion 4 . 2 . 5 that maiz e s i lap.e contains 

cons iderab le anounts o f  unfermented s t arch , �ossib ly up to 35% of  

the DH . A s teer eatinP, 5 k� mtf ,1.ay cou ld th ere fore b e  consumi. TB 1700 � 

s tarch /day . With such high leve ls of s tarch intake ,  it  has b een 

convincing ly shown that considerab l e  proporti ons may pas s unfermented 

through the rumen (MacRae and Arms t rong , 1966 � Topps et al , 196 8 ;  

r1icholson anc1. Sut ton , 19 69 ) , t'he nropor tion s eemi.nf) greater wi th 

maize than with b ar ley faeding (Tucker et al , 196 6 ;  MacRae and 

Arms trong , 1969 ; i\rms trong and neever , 19 69) . Tucker et al ( 1966) 

re�orted quantities as hi�h as 3 1% of die tary star ch t o  h ave r each ed 

the abomasum when sheep were f ed ground maize rations conta ining 46% 

s tarch . {fuether th e same phenomenon would occur v7i th the s tarch in 

maize s i lage is open to ques ti on .  I t  is hm·1ever a pos s ib ili ty with 

this fine cho?ped high grain material . 
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Th e eff iciency superiori ty o f  the HSTI over the MS treatment may 

have b een a re sult of the hi ghe r  crud e nro t e in content of the lat ter . 

The "�-1S ration at 9 .  7% crude protein �.;as j us t b e low the 10- 11�� sugges ted 

by Good r i ch et al ( 19 6 1) . fi.P..C ( 196 5 )  and Ar�s trong ( 1968)  as b e ing the 

level un to �vhi ch nitrosen res T'ons es can be exnectec . Hh i le uti lis a tion 

of th e s urplemc;nt a l  b iuret \vas shmm by the N retention data t o  be poor , 

that amount ut i lis ed �·las pos s ib l y s u f f i ci ent to e f f e c t  this small 

advantage. 
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CHAPTER FIVE 

CONCLUSIONS 

Intcrryre tation of the res u lts of th is exner iment is mad e comp lex 

by an unfor tunat e  comb ination of circums tances . As the ul timate 

c r i t erion of nut ri tive value in th e s t'.ldy nres ented , th e liv e-vJe iP,ht 

gain data i s  proh lernatica l . All three treatments commenced and 

concluded the comnarison ner iod at s imi lar livetveigh ts .  The naths 

f o l lowed in r each in� the s e s imilar f inal we igh ts how·ever , di f f ered 

marked ly . 

I t  ;.rould u e  rather s imple to conclud e , on the b as i s  o f  the 

s imi lar overa l l  r2tes of gain , that the experiment fai led to demons trate 

a nu tritive value advantage in favour of any one ration over th e o ther s . 

However , such would b e  a sha l lmv in terpretation o f  th e data cons ider inp. 

the other interpra tativ e  evid:mce ava i lal::> le . 

D es p i t e  the s ignif icant suoeriori ty o f the l ivet·Teigh t  r,ain 

respons e of th e MSB tr eatment f o l lowinP, int ake ad j us tm ent , i t  is not 

concluded that this rat ion is likelv to nrorr:ot c f as ter rates 0f gain 

in �rmvinr c�ttle than the o thers examined in this s tudy . Such a 
conclus ion c an only r e s u lt from ex trapo la t ion of the f ind ings , b a s ed 

on certain intake as s unn tions exn r e ss ed in S e c tion 4 . 2 . 6 .  I t  is 

nf f ered as a su��es t i on rath er th an a conclus ion . 

I t  i s  conc luded . h m.;rever , th::!t under the DrGvai linr, circums tances 

of th e ex�e r iment describ ed , the MSB ra tion was mos t e f f i c i ent in 

nromoti ng livewe igh t gain in y oung growing cat t le .  The p os s ib i lity 

that this tvas a r esult of sys tematic intake changes elevating measured live­

weigh t gain c�nnot b e  excluded , although the N retenti on datR would 

t end to r efute it . I f  the aop arent super ior i ty o f  the ��B over the 

HB ration is truly a nutriti onal e f f ect ,. its caus e is ob scur e . The lower 

diges tib l e  and es timated metab o l i s ab le energy contents o f  th e maize 

s i lage r a tions would s up.�es t a lower nutri tive value th an th e h ay and 

bar ley ration. 

I t  is therefore pos tulated that the equivalent if not superior 

performance of the growing s te er s  on the maize s i lage rati ons can only 

b e  attribu ted t o  enhanced e f f i c i ency of uti lisation of metab o li s ab le 

energy , pos s ib ly mediated via increased pos t -ruminal diges tion . 
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S imi lar ly , if the apparent e f f iciency advantage of th e MSB ration over 

th e unsupplement ed Y8 r�tion is a result of nutritional s uper ior ity , 

it in turn can only be at trib uted to the add ition of  b iuret to the 

f ormer ration . 

The results tentativ e ly sunnort the evidence discus s ed in 

Sect ion 1 . 4 . 1 ,  th at pos itiv e  grmrth rates r.f cat t le can b e  expec ted 

on maize s i lage \vithout supplement al nrotein , although sunerior 

ryerf ormance may result from N supo lementation . 

I t  is acknoHledged that s uch a f inding is inconclus ive and fails 

to ansvJer fully the questi on pos ed on the adequacy of the protein content 

of mnize s i lage for grm11th in young cattle . It is therefore s ugges ted 

th a t  the need exis ts for a further , mor e speci f ic s tudy of th is aspect . 

A long8r oeriod of mai z e  s i lage feedinr , and th e inclus ion of an extra 

treatment containing a natural protein supplement would b e  cons idered 

ne cess ary . 



The importance of the information c ontained in this s ec tion of 

the the s is was s tres serl in the introducti on to Chapt er Two , Methods 

and Materials . I ts contents h ave not b een included in the s cript as  

it �..ras cons idered they �..rould d i�ress the direction o f  thought maintained 

throughout the f ive precec.ing chapters . The s tudy i.s one of the 

nutr i t ive value of a feed , and effort h as been mad e not to c loud th is 

issue . 

In the following appendices , a number of conventions have been 

adopted . Their �e aning is he reby recorded . 

A line down the righ t hand s ide o f  a list o f  va lues indicates 

tha t  they do not differ s ignificant ly (P  > 0 . 05) , 

e . g .  2 . 6 I 2 . 4  

Doub le as terisks ( **) indi cate that ei ther an F value is 

s ignificant a t  t� e 1% leve l ,  or that b..ro means are s t atistically 

s ignificant ly different with the prob ab ility o f  a type one error 

les s than 1% ( i . e . P <  0 . 01) . 

A s ing le as terisk ( *) refers to the 5% level of s igni f icance 

or ? <  0 . 05 . 

In all 
2 

ancovas , x , 2 y and xy refer to the corrected sums of 

s quares for X ,  Y and cross products respectively . Moreover , S ' S 
r efers to s ums of s quares adj us ted f or regress ion . 

Through necess i ty o f  space , only summaries o f  s elected 

analyses are pres ented in th is s ection . However . all the maj or 

models employed in the analys is of data are repres ent ed . 
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APPENDIX I 

Time S equence o f  Events 

Date Even� 

15 . 1 1 . 69 

14 . Lf . 70 

1 . 12 .  70 

1- 2 1 . 1 2 . 70 

7 -- 2 4 . 12 . 70 

1 1 .  12 . 70 

2 1 . 1 2 .  70 

26 . 12 . 70 

2 7 . 12 . 7C 

10 . 1 .  7 1  

1 1 .  1 .  7 1  

1 .  7 1  

11• • .  l .  7 1  

2 8 . 1 . 7 1 

1 .  2 .  7 1  

2 2 . 2 . 7 1  

26 . 2 .  7 1  

1 1 .  3 . 7 1 

12 . 3 . 7 1 

:!:-1ai z e  pla:..:ted . 
l'fai z e  c1:op ens i led . 

S teers introdu�cd �� f eeding b arn . Var ious 

h eads tall and ur inary colle c t i on equipment t es t ed 

and f aeca� collec t i uu h arnes s es tried fo� s iz e . 

S teers gradually adap t ed t o  diet and environment 

of f e ed inp- b arn . 

Ringworm tr �nted w·i th iodine - aeros o l . 

Fi r s t  c:rcnch -- p:_lv �rn 89 TTlls ( J  f l .  oz . ) . 

Firs t s n ray for- l::.ce  · ·  Naocidal.  

Cowmencement o f  S tandardis ation Period . 

S er:cnd drench - Ni lverm 89 mlc ( 3  f l . o z . ) . 

S econd s nra7 for lice - Neocidal . 

S e lected s te er s  harnes s ed in prepar a t i on f or 

ur ine and f ae c es c o l lec t i on .  

:::'aeca::. colle ction shut:es fit ted . 

Urine c o l i e c t i o� fur�e ls fit ted . 

S tandardisetion totaJ. c o lle c t i on peri od commenc ed . 

S t andard i s a t i on total co llection p er iod comp le t ed 

- 14 days . 
Com.rnencer::cnt of Cc:np ar ison Per iod and f e ed ing of 

ma.i ze s ilc.g e . 

S ame s te ers h arne s s ed in preparation f or ur ine 

and f aeces c ollections . 

Com:.n(;!ncement of Comp.:1ris on total co llection period . 

Comparis on total collection per iod completed -

14 days . 

Ex�erirnent concluded . 
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APPENDIX II 

S ens i t ivity o f  th e Exper.iment a s  De s igned 

( see s ect ion 1 . 5 ) fo1· Live•vei>;h t Gain Comparisons 

The s arnn le s i?. e reautred for r.1 g iven ur ec is ion can be calculut:ed 

u � in� the formu la 

n � (�) 2 [ta[vJ + t2 ( 1-P ) [v] J 2 

\7here n numb er o f  rer l i. cat ions 

a - ·  true s t2.ndar� deviat ion 

0 th e sma l le s t  t rue diff erence that i t  is des ired to d e tect . 
C : .  B .  I t  i s  nec�B sary to knm,r only the rat io o f  a t o 6 
net their ac tual vnlues) . 

v = d c�rees o f  freedom of th9 sam 0 l e  s tandard d ev iat� 1n 'I:I:..th 
1 2 1  �r ouus and ' n '  renlicati 0ns ner �roun . 

a s ignif tcance lev e l  

P = des ired r>roha1J ilitv that a d i-F f erenc e will b e  found t o  

b e  s i gni f i cant 

ta[v] and t2 ( 1-P ) [vJ 
v.�lues from a DvO tailed t·- tab le �vith v degrees o f  freedo!T' 
and corr espondint; to orob al:J i li t ies of a. and 2 ( 1-P )  
r e snectivelv ( S okal and -q_ohlf , 1969) , 

In the present s tudy the nu:nb cr o f  r en licates ' n '  T.Vas f ixed a t  

five animals oer treatment ( 3  treatne:�ts ) � �:md a c o ef f icient of 

var iation of 10�� was cons ider ed. t o  be the bes t likely to b e  attained . 

Bv renhras ing the equat ion :i t  lvas pos s ib le t o  calculat e the 

pr obabi l i ty (P) of d e tecting a s i gnif icant d i f ference o f  a given 

magnitude b etween th e treatment groups . 

t2 ( 1-P ) [  v] 

t2 ( 1-P ) (  vJ 
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The value tZ ( l _ 
P) [ v ]

was f irst calculated , and the orob ab ility 
:r a s s oc iate11 w i th this va lue of ; t :  was t.qken from a tab l e  of the 

c r i t ic al values of S tud en t s ' t-d i s t r ibutiot'. . The probab i lit ies of 
detcctinrr tHo d i. f ferences '1!!"'-s ca.lculated , 

A "P r ob ab i lity of detccti!1� a be t•v�'::.m r;1·oury d i f fe:cence o f  0 . 15 kg /day 

at the 5% leve l of s i gnifi cance. :  

t
z c 1  -n [ 12 1  - 2 . 179 

= 0 . 9 33 
6 5 %  

B Probrtb i li t y  o f  d e t e c t i.nr, a bc= twoen g r oun d i f f erence o f  0 .  2 0  ke /day 

at tha 5% level of s i�ni f icanc.� : 

;-·---.s--· ··-t 2 (  1 -- ?) [ 1 2 ]  == :' 10 2 
-..J 2 ( 2 6 . 6 67 )  

= 2 , 0 39 
p 9 3% 

2 . 17 9  

C l)rob ab i li ty of detecting a b e t:ro1een Rroun d i f ference o f  0 .  2 0  kg /d ay 
at the 1% level of s igni f i c anc e : 

! r; 
t 2 ( 1  -- P) [ 12 J  = / � (  10 ) 2  

...) L -2 6 . 6 6 7  

l . lf.. 3 
p = 7 2% 

- 3 . 0 55 
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APPENDIX I II 

Level of B ar ley 11-feal Feeding 

At the s tart o f  the s tand ardis a ti on period the mean 

liveweigh t of the f i f teen experimental s teers was 1 7 5  kg . W i th a 

proj ected rate o f  gain of 0 . 7 5 kg /day , it was es tima ted that this mean 

l iveweight vould app r oximate 2 0 6 kg by the c ommencement of th e comvar is on 

period , midway through th e exper iment . Requi rements f or grm..r ing s teers 

of this liv�veigh t .  taken from the �me feeding s tandards (NRC , 19 7 0 )  

are pres ented i n  Tab le I I I . i .  

TABLE I I I . i : Nut r i ent requirements o f  s t eerG gaining at 0 . 7 5 kg /d ay .  

Liveweigh t ' 
I 

( kg) 

200 

I I 

I 
Dry Hat t er ll Total Protein 

Intake I 
( kg /day) l (kg /day) 

I 

5 . 0  ! I 
I i 

0 . 5 6 

Diges tib le Pro tein TDN 

( kg /day )  

0 . 3 6 3 . 5  

I t  was f e l t  tha t  a 5 . 0  kg dry ma t t er int ake ( 2 . 5% o f  livew e ight )  

w a s  b e loH that tvh i ch s t a l led animals f ed a d  lib. \vould at tain ( !J avey , 

per s .  cornm . ) .  A more probab le level o f  int ake was cons ider ed to b e  

2 .  7 5% LH o r  5 . 5  k g  DM . 

Nu tr itive value f igur es f or b o th hay and b ar ley were neces sary 

to calculate the level of meal feeding r equired to ach ieve the 3 . 5  kg /day 

TDN intake , and th es e are pres ented in Tab le I I I . ii .  

TABLE I I I . ii : As sumed nutritive va lues for meadov7 h ay and b ar l ey meal . 

Feed Dry Mat t er % TDN Value* 

(DM B a s i s )  

Hay 88 50 

B ar ley Meal 89 83 

* B as ed on b oth NRC ( 19 70) and Unpub lished Mas s ey University 
data . 



On the b as1s o f  this information , the level of barley meal 

feeding was comput ed : 

Let b arley meal dry matter intake = x kg /day 

and hay dry matter intake = y kr, /day 

Given a total dry matter intake of 6 . 0  kg /day 

and a required TDN intake of 3 . 5  kg /day 

X + y = 5 , 5  

and 0 . 83 x + 0 . 5 4 y = 3 . 50 

y = 5 , 5  - X 

and 0 . 83 x + 0 . 50 ( 5 . 5  - x) = 3 . 50 

x = 2 . 3  kg DM/day ( i . e .  42 . 0% o f  U1 intake) 

( 1) 

( 2) 

B ar ley mea l required for s teers to ob tain proj ect ed grow th 

rate = 2 . 6 0 kg /day . 

It  'vas assumed tha t :  

Metaho lic bodv weight = Lw
0

•
7 5 

= 5 3 . 18 

106 . 

2 . 6  kg bar ley meal to be fed an animal wi th a metab o lic b ody 

weigh t of 5 3 . 18 kg - i . e .  0 . 0 49 kg me al/kg metab o li c  t.reigh t .  



10 7 . 

APPENDIX IV 

�aize S ilage Production Details 

Graded Wis cons in 5 75 maize seed 1 a three way hyb rid matur ing a t  

115 days , was p lanted i n  a cultivated 0 .  3 6  hec tare paddock on Novemb er 

15th , 1969 . The area had previous ly b een in pas ture . A four-row 

Burch precis ion p lanter •..ras us ed , the s eed b eing s mm in 7 6  cm ( 30 inch) 

rm-1s and 16 . 5  cm ( 6 . 5 inch) spacings to give a smving dens ity of 80 ,000 

seeds per hectare ( 32 ,000 s eeds /acre) . An effective germinat ion rate 

of 80% result ed in a measured plant populati on of 6 4 , 000 � 8 , 000 p lants / 

hectare ( 26 ,000 ± 3 1 000 plants /acre) . 

The crop �..ras planted in a Hanm-mtu f ine s andy loam soil f er t ilized 

with Amophos 10 : 18 ; 8  NPK ( 900 kg /ha) , muriate of  potash ( 2 50 kg /ha) and 

urea ( 170 kg /ha) . A further 170 kg /ha of urea was addect as a s id e  

dres s ing pr ior to f lowering . The levels of fertilizer applied were 

determined by b o th s oil tes ts and the need for a large quantity o f  

good quality silage from the small area o f  land ( s ee sect ion 1 . 3 . 1) . 

Complete weed control was effected by the us e of Propachlor 

( 4 . 5  kg /ha) pre- s ow ing and Atrazine ( 2 . 5  kg a . i . /ha) pos t emerg ent . 

Despite the 1969 / 7 0  summer drough t , the crop was not irrigated , 

and was harves ted on April 14 th , 19 7 0 , at the dent s tage of maturi ty 

with a dry mat ter content of 33  + 3% . A s in� le row New Holland 7 1 7  

Maize Chopper Has used . 
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APPENDIX V 

Maize S ilage Y ield Data 

The fo l lrn.;ing data were ob tained by s amoling the maize crop four 

days prior to machine harves ting . Thr ee s amples were taken from 

different par ts of the crop , each s am�le space b eing 7 . 6 metres in 

length and two ro�Ts ( 1 . 5  m) in "1id th . 

TABLE V . i :  Haize plant characteris tics 

! Characteris tics Hean j 

Height of plants (m) 2 . 3  : 0 . 1  

Number of ti llers per plan t  1 . 04 ± 0 . 04 

Number of cobs per plant 1 . 5  : 0 . 1  

TABLE V . ii �  Dry matter content of  plant components 

! 
i Component 

Leaf 

1 Sheath 

j S tem 
I ! Ear 

4 1 . 0  

39 . 0  

18 . 5  

60 . 0  

DM% 

+ 2 . 0 
+ 3 . 0 -

+ 1 . 0 
+ 1 . 0 

TABLE V . ii i : Crop and component yi elds 

l Component 

r:: 
Leaf 

S tem 

Grain 

Res t  

Hean DH Yield (kg /h a) 

20 , 000 :!: 2000 

( 1 8 , 000 : 2000 lbs /acre) 

3300 � 600 

5200 + 500 

8900 + 1100 

2400 + 300 

I I 
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APPEUDIX VI 

Maize S ilage S torage 

The f inely chopned 1;1aize silag e 1vas vacuum Dacked in  two elongated 

s tacks , des igned for comr>atab i lity Hith us ag e rate (s ee s ection 2 . 2 . 2) .  

S ing le layer , 0 . 005 gau>?.e , po lythene gr ound sheets s 2 . 4  m in width , �vere 

us ed under the s i lag e , and t·7ere fas tened to the 0 . 005 gaug e .  3 . 7  m \vide , 

polythene ton sheets '.Vi th vacuum s trip s eal . Following air evacuation , 

both s tacks were covered �·lith a s econd s im i lar sheet for comp lete air 

exclus ion , the firs t sheet generally being s light ly d&�aged b y  the 

evacuat ion uroces s . A 10 cm layer o f  earth over b oth s tacks , to maintain 

compaction and protec t  the po lythene , comn leted the covering s . 

The only maj or �rob lem encountered was quickly �pparent . The 

double layer polythene ton sheet affo rded the s ilnge no pro tec tion frorn 

r odents , rats and mice �uti latinR the polythene and allO\Vin� air entry . 

v.Jhere pos s ib le .  the damage to the cov ers \vas r enaire!J , hut air exclus ion 

,,ms far from complet e .  

While apparent s i laR e was tage wns measured � t  only 2 0- 30% in 

cros s s ect ions of th e s tacks , the overall los 8 o f  �ry matter as neasured 

by total dry matter t aken out of the s tacks w?.s 40:Z . Clearly air entry ... 

facili tllt·�d by rodent ri.c�mag e ,  had led to resniratory dry mat ter los ses 

far in exces s of that apparent from res idual vms tes . 
I t  is reco�mended that i f  maize s ila�e s tacks mus t b e  pos itioned 

in r od ent infe s t ed areas , ef f or t mus t b e  made to s �fe�uard this highly 

palatab le material , in order to prevent sub s t antial dry matter losses . 

TI1e ent�; of air into the s tacks did enab le obs ervat ions to b e  

made on the nhape o f  s tack requi�ed for satis factory maize s ilage 

s torage .  As can be seen in P late VI . i ,  the maj or area of s ilage loss 

was the s ides of the stacks . Losses at the top of th e  s tack under the 

top sheet 'tl7ere negligib le .  It is therefore s ugges ted that for 

satisfact ory storage of small quantities of maize s i la�e in s tacks , 

these should be  shallow with sloping tops and no s ides , or low vertical 

s ides , so as to avoid both poor compaction and bridging by the covers . 

For the production of  really good quality maize silage there 

is no sub s titute for bunkers or tower s ilos . 



110 . 

PLATE VI. i :  Si lage wa.g:tage . A cross-section of one of the si lage stackc 

sh01ving the areas of greates t loss . 1 1aterial above the zuhite 

line had to be  dis carded. The negligib le was tage at the top 

of the s tack is as dis tinctive o..s the considerab le losses on 

the sides . 
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APPENDIX VII 

Calculation of  B iuret Requirements for r�B Treatment 

Nitrogen content of b iuret 

Expe cte� crude protein 
of mai. z e  s i lag e 

content 

�equi r ed crude urotein cont ent 

= 3 6% 

8 . 7% of DM 

= 13 . 4% o f  DH 

Defici t 4 . 7  kg Cr . Prot . / 100 kg rn1 

= 0 . 757  kg N / 10 0  kg DM 

:3 iuret requi red = 2 . 103 k � / 100 kg DM 

= O e 0 2 1  kp; b ittret /ltG D�1 Fed 
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APrENDIX VII I  

Th e i H ockinp, o f  th e Experir:1ent a.l Animals 

an.J the ir Randon Allocat ion to Treatment Groups 

TlillLE VII I �  i. ; C las s ifi cati.on of s t eers by b locks b as ed on l ivetveigh t 

follmving the s ec ond \veek of th e s tandardisati on i)eri od 

I � 
B lo ck Numb er 2 3 

I I -H- 6  l I S t aer 
1 1  3 IJunb er I 10 : 14 ].j 

I -i 4 

5 

9 

17 

5l 8 ' 

15 16 
L 

rang034-225 �-206 I Livev-!eight 205 . .  1 9 1  187-- 180 178-153 

at t il'1e o £  b lockin� k� I k-: 1{_•') b·: kg 

T1\B LE ' H I L  i i : P.andom allocation with in b l ocks of s t eers to treatment 

groups 

Grou·, ,  HB I · E, HSB 

S t eer Numb er 10 ( 234) 7 ( 2 25)  4 ( 2 34) 

(Li ve�·re igh t in k? 6 ( 218) 11 ( 208) 14 ( 206 ) 

a t  t im'2 of alloc a tion 3 ( 200) 13 ( 19 1) 1 ( 205 ) 

in parenth es is) 9 ( 18 7 )  1 7  ( HlO) 5 ( 180)  

15  ( 163) 8 ( 178) 16 ( 15 3 )  



APPENDIX IX 

Analys is of DH DiP,es tib ili tv Data 

TAI3LE IX . i :  CalcuL'ltion of with in-treatment reC'res s irma of CP 

on SP dry mat ter diges t ib ili ty dat a .  

Treatment d f  
2 2 

b s's d f  X xy y 

1 I 2 1 2 7 . 860 I 7 . 6 oo 2 • o 8 7 0 . 2 7 3 0 . 0 14 1 

2 I 2 1 . 9 8o � ·-6 . 6zo I s . 6 87 ' -o . e 3o 0 . 19 5  1 

3 I 2 1 2 . 82 7  4 . 200 ! 1 . 5 20 0 . 3 2 7  0 . 145 1 I 

Pooled 6 48 . 667 I 5 . 180 9 . 29 4  J -o . on l  o . 35 4  I 3 
regres s i on 

I I I I 
Th e  "tvith in-group repres s i on lines are shown in Figure IX . i .  

TABLE IX . ii �  Analys is of dif� erences between within-treatment 

regres s ion coef f ic ients 

I S ource of Variation d f  s s  ms . F  

D eviations from Average 
Regres s ion 5 I 8 .  7 !+ 3  

Devi,q tions fro:n Individual I 

I i F.egr e s s s ions 3 0 . 354  0 . 118 I I B et',veen Re�rres sion I 

Coeff icien t s  I 2 I 8 . 3 8 9  4 . 19 5  3 5 . 5 5 1** I 
TAnLE IX . iii : Analys is of com'1E'.rison peri od ')H db:es t ib Hi ty dr<:a 

by anova us in?. model ( 1) 

So lnce of Variation df s s  ms F 

Total 8 7 6 . 229 
T 2 6 6 . 9 3 5  33 . 46 e  2 1 . 606** 

Error 6 9 .  294 I 1 . 549 
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60 62 64 66 6 8  70 
SP DIG E STIB I L ITY  ( 0/0 ) 

FIGURE IX. i :  rvi thin treatment regressions of CP DM diges tibi U ty  · ·on ·� 

on BP DM diges tibi Zi ty .  

0 HB e MSB 



TABLE IX . iv �  �uncan ' s  Multinle Ranr,c tes t o f  s igni f icance between 
treatment means 

115 . 

I p 3 2 tLevel of S ignificance 

Rn X c 2 . 5 8 2 . 49 5% I ... .� ,:;::;-.1 I 

3 . 9 7  3 .  7 7  i 1"' 

� I /o 

Hr ; -- 67% HB > HS ** 

HS = 62% I I H!1 > MSB** 

?.1S2 = 6 2% I I 
I 

TABLE IX . v :  Anova analys is o f  s tandar is ation period m1 diges tib ility 
data , us ing model ( l) to check the validity o f  conclus i ons 
rlraun from Tab le IX . iv . 

S ource of Variat ion ; d f  

� 

s s  ms 

To tal 8 62.842 I 
T 2 14 . 175 I 7 . 038 6 4  NS 

6 
I ! Error 48 . 66 7  I 8 . 111 

- l 
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APPEllDIX Y 

Analys is o f  DH I n t ake Data 

TABLE X . i :  Anova analys is of c ompar ison ner iod DM intake data ( kg /d ay) 

us ing mode l ( 2 )  ( entire six •.reek p eri od duration) 

S our ce of Var i a t i on I d f  s s  I ms F 

Total I 89 141 . 812 ! 
I T I 2 1 1 . 45 6  i 5 . 7 2 8  2 8 . 3 56** I p i 5 i 29 . 9 1 3 I 5 . 9 8 3  29 . 6 19** 

B I 4 I 36 . 49 7 9 . 1 24 45 . 168*)t I I 
T X p 10 I 28 . Ll65  I 2 . 34 7  14 . 0 9 4** ' 

I I T X B 8 2 2 . 5 5 2  2 . 8 19 I 13 . 9 55** 
- X B I 20 4 . 86 5  I 0 . 2 4 3  I 1 .  203 NS 

I 
Error I 40 I �.� . 0 6 4  0 . 202  I I I I 

TJ\BLF. X .  i i : DHR tes t of s ign i f i c ance be tr,recn treatment m eans 

3 2 I Level o f  S ip.;nif icance 

I 0 . 2 5 0 . 2 4 5% I 
0 . 3 6 0 . 3 2 1% ! 

' i 
--j 

BB = 

M513 • 

6 . 0 4 HB > ' ·{Sfi*i< 
5 . 58 I-T.B > '15 ** 
5 . 17 MS > HSB ** 

TABLE X . ii i :  DMR tes t of s ignif icance b e tween p er i od means 

I 6 5 I 4 3 2 Level o f  
1) I S igni f icance 

RpxS-: 0 . 3 7 0 . 36 0 . 3 5 0 . 34 0 . 33 5 %  
p 

l 0 . 48 l 0 . 48 0 . 47 0 . 46 0 . 44 1% 

pl = 4 . 34 
T>3 = s .  7 2  
p4 = 5 . 74 p 1 < p 3 '  p 4 '  p 2 ' P.5 ' p 6 ** n 1. 2 = 5 . 75 
Ps = 5 . 99 
p6 = 6 . 04 I 

I 
i 
I 

I 

I 
' 

-·· 



TABLE X .  iv : mm tes t of s igni f i cance b e t�.,reen b lock means 

117 . 

I 5 l.l I 3 2 Level of S ignif i cance I p I 0 P_pxS)3 0 . 3 3 0 . 33 0 . 3 2 0 . 30 5% . 1 I �Bl 0 ,  Lt L. 0 .  Lf3 0 . 42 0 . 40 1 1% - 0 --::: 6 . 28 I B l>B 5 • B " 9 B Lf 
* '\: B 4 > B S ** 

.J 

13 2  -- 6 , 09 B 3 > l3 5  ** 

B 4 -- 5 . 6 7  I B 3 = 5 . 49 B 2> B 5 ' n 3 ' B 4 ** 

B5 
- - 4 . 46 

_l_ -
TABLE X . v :  DHR tes t o f  s ignif icance h tHecn treatment by period 

sub-group means , sho-.;ring the s our ce o f  the T x P 

interac t i on 

I l 6 i 5 i 4 I " 3 I 2 l) -
' L ' 

I 

0 . 6 4 1 i 
0 . 60 I I 'R S I 5% I 0 . 6 2  0 . 5 7 I '- -PX Tll I o I 

o . 6 3 I 

, u , o .  as ! 0 .  83 : 0 . 82 0 . 80 0 . 76 

I Perind 
I I 1 2 3 4 5 6 

TP HB 5 . 8 6 HB 6 .  73 I HR 6 . 44 RIJ 5 . 87 1 BB 6 . 2 1 i HB 5 . 13 
S ub - Groun 
Means I HS 3 . 9 2  Tvffi 5 . 7 2 , HS 5 . 6 7 HS 5 . 68 1 HS 6 . 01 l MS 6 .  4 6  I I JHSB 3 . 2 2 1SB 4 .  80 �1SB 5 . 0 6 �SB 5 . 6 5 1 Msn 5 .  74  .:!SB 6 . 5 4 1 

i 
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APPENDIX XI 

S erial !.nalys is o f  DH Intake Data 

TABLE XI . i :  S erial anahRis of comparison per iod DM intake data 

( kg /day) by gncova us ing model ( 3 )  

S ource of df I 2 2 s's d f  Variation X xy y ms 

Total 8 9  144 . 9 17 76 . 0 10 1 4 1 . 8 1 2  
T 2 2 0 . 006 15 . 123 11 . 456  I p 5 2 7 . 10 2  - 2 . 0 2 6  2 9 . 9 13 

118 . 

I � 
I I 

T x p 10 6 1 . 20 7  1 8 . 0 3 0  I 2 8 . 4 6 5  4 3 . 0 3 5  11) 4 . 304 1 1 8 . 00 8** 
Err or 7 2  3 6 . 60 2  44 . 883 I 7 1 . 9 7 8  16 . 94 1  7 1  I 0 .  239 I I 

Tt..R LE XI . i i :  DMR test  of s i�;ni f i c .qnce bet�11een T x P sub-group ne�ns 

adj us ted serially us ing th8 equation !)-. .  = y . .  - b (�1 . - i) 1] l.J J 
vrhere x = 5 .  549 and b = 1 .  2 2 6  

p _I 6 5 4 3 2 --f----
RpxSTP I 5% I 0 . 7 0 0 . 69 0 . 6 8 O . flS 0 . 6 2 

I 1% 0 . 9 2 0 . 9 0 0 . 88 0 .  s: 0 . 8 3 
I --

��eriod 1 2 .3 4 5 6 

I Ad j us ted HE 5 . 5 3 HS 7 . 7 21 MSB 5 , 9 7l' �SI\ 6 . 2 2 MS 5 . 84 HSB 6 . 3 1
1 TP Sub-group 

3 . 42 1 Ueans 1S: }1SJ3 7 . 6 6 MS 
�B 3 .  24 HB 6 . 3 3 HB 

5 . 4d MS 5 . 5 4 

4 . 9  HB 4 . 7 9  
HB 

11SB 

5 . 8 2 

5 . 6 2  
HS 5 . 9 0  
f·IB 4 . 3 2 
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APPENDIX XII 

Analys is of DH Intake as a Percentage of Liveweight 

TABLE XII . i �  Anovn ane lys is .of DM intake data expres sed as a percentage 

of livewcigh t, by model ( 2) mod if ied by omiss i on of per iod one . 

,--I Source o f  Variation df ss rJS F 

i Total 7 4  7 . 2 7 0  I 
T 2 0 . 36 1  0 . 181 6 .  46 4*�" 
p 4 0 . 12 5  0 . 0 31  1 . 10 7  NS 

l3 4 0 . 395  0 . 099 3 . 536* 
T x p I 

8 2 . 909 0 . 36 4  13 . 000** 
' 

T x B 8 1 .  9 16 0 . 240 8 . 5 7 1** 
p X E 16 0 . 6 7 8  0 . 042  1 . 500 NS 

I 
' Error 3 2  0 . 886 0 . 0 28 ! 

TABLE XII . ii : Di'\P.. t es t  of s igni f icance b e t1.reen trea tment means 

p 3 2 Lev�l of s igni f icance 

n.pxsr 0 . 0 1  0 . 09 5% 
0 , 12 0 . 12 1% 

.l 
HB = 2 . 6 8 1 ��S > f,�SB ** 
•1S -- 2 o 7 2  I HB > �1SB** 

Y.SB = 2 . 56 

TABLE XII . iii : DHR tes t of s igni ficance be t�.reen b l ock means 

p 5 

RpxSB 0 . 14 
0 . 19 

B1 
= 2 . 55 

B 3 
= 2 . 63 

B5 = 2 . 65 

B2 
= 2 . 6 7  

B4 = 2 . 7 7 

4 3 2 

0 . 14 0 . 14 0 . 13 
0 . 19 0 . 18 0 . 18 

Level of 

B > B ** 4 1 
B4 > B3* 

S ignif icance 

5% 
1% 



APPENDIX XI II 

Analys is of N Retention Data 

TABLE XII I . i :  An.ova analysis of N retention data ( g /day) during th e 

comparison period using model (L1) 

Sour c e  o f  Variation df ss  ms F 

'I'otal 8 223 . 9 2  

T 2 12 . 8 1 6 .  L:-1 0 . 29 NS 

B 2 122 . 07 61 . 0 4  2 . 7 4  NS 

Error 4 89 . 0 4  22 . 26 

TABLE XIII . ii :  Anova analysis of N re��ntion data ( g /day) during the 

s tandardis ation period us ing model (4) 

Source of Var iation df s s  ms F 

Total 8 146 . 10 

T 2 3 2 . 9 7  16 . 49 1 . 14 NS 

B 2 5 5 . 11 2 7 . 56 1 . 90 NS 

Error 4 58 . 0 2 14 . 5 1  

120 . 



APPENDIX XIV 

Analys is of Compar is �n Period Liveweight Gain Data 

TA3LE XIV . i :  Analys is o f  CP mean daily livewe ight changes by anova 

us ing model ( 2) , modified f o r  pe�iod e f f ec t .  

S ource of Variation d f  s s  ms F 

Total 2 9  4 . 85 3  
T 2 0 . 0 3 8  0 . 0 19 0 . 46 3  NS 
p 1 1 . 2 2 1  1 . 2 2 1  2 9 . 7 80** 
B 4 0 . 2 1 1  0 . 05 3  1 .  2 9 3  NS 
T X p 2 2 . 205 1 . 10 3  26 . 9 0 2** 
T X B 8 0 . 6 14 0 . 0 7 7  1 . 8 7 8  NS 
p X B 4 0 . 2 3 5  0 . 059  1 . 4 39 NS 
Error 8 0 . 3 2 9  I 0 . 0 4 1  

121.  

I 

TABLE XIV . ii ; Treatment by n eriod subgroup means shm-Tin? the source of 

the T x P interaction ( s ignif icance o f  d i f f erences by 

DMR test) 

Treatment Peri·':ld 1 Period 2 

HB (Pl  > P 2* ) 0 . 6 2 HI3 > MS** 0 . 26 HB < MS * *  
M S  ( P 2 > 'Pl**) 0 . 10 MS=MSB ( P >O . OS )  0 . 9 3  MS=MSB (P>O . O S )  

MSB { P 2  > Pl*� 0 . 14 MSTI < HB** 0 . 88 MSB >HB* *  



A_nf' E"'DIX XV 

Serial Analys is of CP neriod One 

Intermedinte L ive,ve igh t s  

TABLE XV . i � S er i a l  ancova analys is of CP ner i od one , tJeek one 

liveweiP.ht s  (kg) us ing �odel ( 5) 

I Source o f  df  
2 I 2 

s's df Var iation X xv y ms 

Total 14 11754 . 9  11693 . 5  12333 . 7  7 0 1 . 3  13 

F 

'I' 2 1 . 7  25 . 5  433 . 7  384 . 7  2 19 2 . 4 6 . 68* .L 

Error I 12 11753 . 2  11668 . 0  11900 . 0  3 1 6 . 6  11 2B . 8  

TlillLE XV . ii �  J\d ius ti'lent of treatment mean liveweis:;hts for week one 

of CP �eriod one , accordin� to liveweight in precedine 

•.veek , using the equ:tion Y'i = Y 
i 

- b (�i - �) 

�vh ere b = 1 . 00 and x = 2 13 kg 

- - - -
� �) 9'i Treatment vi 

x
i 

-· X b (x1 

HB 2 18 0 0 2 18 

HS 208 - 1  -1 209 

MSB 206 0 () 206 

122 . 

TABLE XV . iii : D� test of  s ignif icance b e tween adjus ted treatment means 

p 3 2 Level o f  Significance 

RpxS.6. - y 7 . 8  7 . 5 5% 

HB = 2 18 HB > MSB* 

HS = 209 HB > HS *  

MSB = 206 MS = MSB ( I' > 0 . 05)  



TABLE XV . iv :  S ignificance o f  reduction in error mean s quares due t o  

reg r e s s i on 

S our ce o f  Variat ion rl f  ss n.s F 

Error f or unad j us ted means 1 2  1 1900 . 0  

I Redu c t ion 
I 

40 2 . 2** due t o  re�ress ion 1 I 1 1533 . 4  11583 . 4  I I F.rror for ad j us t ed �.1eans 
-

1 1  3 16 . 6  i 28 . 8  
i 

TAI3LE XV . v :  Calculat ion o f  v7i thin treatnent r er> r2ss ion coe f f i c ient s  

for tes t i ng va lidi ty o f  the analysis sunwarized in 

Tab l e  XV . i 

Treatment d f  
2 2 

b s's d f  X xy y 

HB 4 5142 . 8  5169 . 6  5 19 7 . 2  1 . 0 0 . 7  3 

}1S 4 1 829 . 2  1 7 16 . 0  169 2 . 0  
I 

0 . 9  � 2 . 2  3 

'1SB 4 4 7 8 1 . 2  I 4782 . 4  5010 . 8  1 . 0  2 2 7 . 2  3 

�1 75 3 .  21 1 16 6 8 .� 
- -

?oo1ed 12 1 1900 . 0  1 . 0 310 . 1  9 
Repr e s s i on I 

T.l\BLE XV .  vi : t.nalys is o f  d i  f f er cnces b e t�veen Hi th in tr eatnent 

ror.r e s s ion coGf f i c i ents 

- -

S ource o f  Var i at ion d f  s s  ms F 
--f-----

Deviations from avera5�c re gres s ion 1 1  3 1fi . 6  

I 

I 

peviat ions from individual rP-gress ions 9 3 10 . 1  3 4 . 5  0 . 1  NS 

fBe tw·een regress ion coef f icien t s  2 6 . 5 3 . 3  

123 .  



APPENDIX XVI 

Analys is of cv Livewe igh t G ain Data 

Adjus ted f or D�1 Int ake per 100 kg Liveweigh t 

TABLE XVI . i � Ancova ana lys i s  of C7 li velozeir:h t gain data adj us ted 

for DH int ake per lOO kg li vevreigh t us ing model ( 6) 

Source o f  
d f  

2 2 I df  F 
Var iat ion 

X xy y s s  ms 

Total 29 3 . 42 5  2 . 8 7 2  4 . 853 2 . 4 4 5  28 
T 2 0 . 5 3 3  - 0 . 0 9 7  0 . 0 38 0 . 6 7 8  2 0 . 3 3 9  4 . 9 8 5* 

Error 27 2 . 89 2  2 . 9 69 4 . 8 15 1 .  7 6 7 26 0 . 0 6 8  

TABLE XVI . i i :  Aoj us tnent o f  C P  treatment !"lean live�.rei�h t  g ains for 

DM int ake ner 100 kg LVJ us ing the equation 

Treatment 

HB 

MS 

MSB 

�i 
= yi - b (x

i 
- �) where b = 1 . 0 3  and x = 2 . 5 4 

0 . 4 4 
0 . 5 2 
0 . 5 1 

0 . 14 
0 . 04 

-0 . 1 8 

0 . 14 
0 . 0 4  

--0 . 19 

0 . 30 
0 . 48 
0 .  70 

Tru3LE XVI . iii : !:lMR test of s i gni f i cance for d i f f er ences b e tt.reen 

adj u s ted treatment means 

p 3 2 Level of S igni f icance 

RpxS-6 0 . 2 4 0 . 19 10% 
y 

0 . 2 4  0 . 2 3 5% 

HB = 0 . 30 JID < MSB* 

MS = 0 . 4 8 HJ3 = MS (P  > 0 . 10 )  

'1SB = 0 . 70 �1813 > MS ( P < 0 . 10 )  

124 . 



TABLE XVI . iv : S ignif icance of  r eduction in error mean squar es due 

to regress ion 

S ource 8 f  Varia t ion df ss 1 ms F 

Err or for unadj us te d  means 2 7  4 . 815 

12 5 .  

Reduction due to regres s ion 1 3 . 0 4 8  3 . 0 4 8  4 4 . 8  ( P <  0 . 00 1  
Error for adjus t ed means 2 6  1 .  7 6 7  0 , 0 6 8  

TABLE XVI . v :  Calculat:ion o f  "t-d th in treatment r egres s ion coef ficients 

for t es t ing validi ty of th e analys is summar iz ed in 

Tab le XVI . i ( see F igure XVI . i) 

I 2 ') I� Treatment df  L. b sb X xy y 0 

HB 9 0 . 5 3 1  0 . 504 0 . 69 9  0 . 9 5 0 . 2 2 1  8 

I �·rs 9 0 . 5 3 1  0 . 8 1 5  1 . 8 89 L 5 3 0 . 6 38 8 
HSB 9 1 . 8 3 0  1 . 6 4 9  2 . 2 2 7  0 . 9 0 I 0 .  7 2 3 8 �cl 27  2 . 89 2  2 . 9 6 8  4 . 8 15 1 . 0 3  1 . 5 8 2  2 4  

s s  i on 
I 

TABLE XVI . vi : Analysis  o f  d i f f erences b e b.ve8n within tr eatment 

rc�rcs s ion coef ficients 

S our c e  of Variat ion Ci f  9.8 ms 

Deviati ons fro1n average 1·egr e s s ior. 2 6  l .  7 6 7  

F 

Deviat ions frcm individual reg res s ions 24 1 . 5 8 2 0 . 066 1 . 409 
B <? tween r egress ion coeff icients 2 0 . 1 8 5  0 . 0 9 3  

NS 
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FIGURE XVI. i :  Regx>easion of CP Uve7Jeigh t gain during eaah period 

on DM intake per 100 kg liveweight for that period. 

0 HB e MSB 

126 • 



12 7 .  

APPENDI X XVI I 

Es t imation o f  Varian ce Componen ts for Livewe igh t  Gain Data 

TABLE XVI I .  i .  Expec ted and re corde d me an squares for l i vewe i gh t  gain 

an ov a ,  using mod e l  ( 2 )  conve rted f rom a fixed e f fe cts to a 

random mode l .  

S ource o f  Vari at i on df i EHS I 
i u·.s 

2 · I 2 2 2 2 2 0 . (  1 \ I T j ot: + 0TP B + po TB + bcr TP + pba T 

I I 
I l a! 2 2 2 2 

I p 1 + a TPB + ta PB + ba TP + tba 
P 

1 .  2 2 1  ' 
I 2 2 ? 2 2 I B 4 a + a TPB 

+ pa� '1'" + tO PB 
+ tpa B 0 . 0 5 3  

I e D 
I 

I I 2 i 2 2 2 I TXP : a + 0 TPB + ba TP 1 . 10 3  I I e 
I I ; I a! TXB 8 2 + 2 

0 . 0 7 7  + a TPB 
pa TB 

Pxn 4 2 2 2 
0 . 0 59  a + a TPB + ta PB e 

Error 8 
2 2 0 . 0 41 ae + a TPF 

NB : t = 3 ; p 2 ;  b = 5 

Comput ation o f  the vari an ce comp on en t due to the main t re a tmen t  

e f fe ct T 

= - 0 . 112 
= 0 . 212 
= 0 . 01 8 

sE2 i s assumed to contain both s� and sTP� 
= 0 . 041 

I 



E s t innted var iance o f  treatment mean T after increas in.v: the 

numb Gr o f  s tee.rs 71er tree.tment (b locks) hy -:me 

s� o . o41 + o . 0 3 6  + 1 . 21 2  - 1 . 344 

0 . 0 05 

T:.edu c t i on in ve.riance o f  'T == 0 . 0 3 6  
E0 t imate� var:!.::tnc8 o f  treat:rr. :mt Eh�an T after increas ing 

pe riod numb er by one . 
2 s �  o . 0 41 + o . os 4  + 1 . 060 - 1 . 6 30 l 

--!J . 5 2 5 

Reduc tion in ·.rariance of 'I' = 0 .  S 6 r;  

Es t irclat ·2ci var iance o f  treatment mt=kln 'I' fl f t er doub ling s teer 
nurrib er per t r ec:tment s� o . 0 41 + o . o 3 s  + 2 . 120 - 2 . 2 40 

- - -O . C 43 
R.eC.uction in variance of  T 0 , 084 . 

128 . 
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APPENDIX XVI I I  

Analys is of Oven DM Dete rmination Data for Maize S ilage 

TABLE XVI I I . i :  Analys is by b.vo-\oTay , tync I anova of maize s i lage m1 

d e terminat ion data - effect of s·amnle s ize ( S  = 300 , 

2 00 or 100 z)  and leng th of oven-drying time 

( L  = 24 or 48 h ours ) 

Source df ss  ms F 

To tal 63 1 2 7 13 . 0  I 
s 2 134 . 5  6 7 . 3  3 . 80 *  

L 1 5 3 . 3  5 3 . 3  3 . 0 1  ( 10% ) 
s X L I 2 62 . 1  3 1 . 1  I 1 .  7 6  NS 

Er r or 58 10 28 . 1  17 . 7  
' 

TABLE XVI II . i i :  DMR tes t o f  s ignH ic ance b etween S and L me ans 

I I 

129 . 

I ry I 3 I 2 lLevel o f  S ignif icance 

._! 
---

R
-

.p
-

x
-

s
-
-s

--+- ·-
3
-

.
-

1
-

3
--r---

2
-

.
-
9

-
7

-
5/, i 

RpxSS I 3 . 11 2 . 48 10% 

Sam�le S i ze ( S )  

Oven Time (L) 

TABLE XVI I I . i i i : 

S ource 

Total I I 
s 

Error 

1 .  7 5  

300 > 100 *  
3 00 > 20 0  ( () < 0 . 10 )  

2 4  > 4 8 (P < 0 . 10) 

10% 

Analy s is by one-way , type I anova of data shmving th e 

e f f e c t  of sampl e  s ize on di f fer ences b e tween 24 and 

48 h ours oven-dry ing 

df I s s  ms F 

20 2 19 . 770 

2 128 . 4 30 6 4 . 2 1 5  12 . 656** 

18 9 1 . 3 40 5 . 0 7 4  



i 
I 

TABLE XVIII . iv �  DMR tes t of  s ignificance between sample size  means 

p 3 2 Level of S ignificance 

I RpxSs 2 . 6 4  2 . 5 1 57, 

3 . 59 3 . 4 2 1% 

I 300 > lOO , 200,�* 

130 . 
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APPENDIX XIX 

Analys is of B iuret Uti lis ation Data 

TABLE XIX . i : Anova analys is o f  CP faecal true protein output expressed 

as a percentage of true protein intake , us ing model ( 1) 

! _I J Source of Variation df ss ms 'F 

Tot a l  ! 8 89 6 1  I 
T I 2 85 2 9  4 26 5  5 9 . 24** I 

Error i 6 4 3 2  7 2  

TABLE XIX . ii :  DMR tes t  for s ignificant differences between treatment 

I 
I i 
I 
i 

' 

i 

p 

S�Rp 

HB 

HS 
MSB 

means 

I 
= 3 1% 

9 1% 
= 100% 

3 2 Level of  S ignificance 

1 7 . 4  1 3 . 5  10% 

27 . 0  2 5 . 7  1% 

MSB > HB * *  

MSB = MS (P  > 0 . 10) 

MS > HB * *  

I 
I 
i 
i 
' 

' 

! 

l 
' 

I 
I 
j J I 
I I 
I 
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