Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



MATZE SILAGE

A study of the nutritive value of ensiled ZEA MAYS L.

for growth in young cattle

A thesis
presented in partial fulfilment of the requirements
for the deeree

of

MASTER OF AGRICULTURAL SCIENCE
in
ANTMAL SCIENCE

at

MASSEY UNIVERSITV

ALEXANDER LOCKWOOD SMITH
1973



ABSTRACT

An exneriment is described in which the nutritive value of New
Zealand »nroduced maizs silace, harvested at the dent-pglaze stage of
maturitv, was investigated. Of central interest in the study was the
adeguacy of the nrotein content of the maize silage for supporting
arowth in voung cattla.

Following a six-week standardisation period, 15 Friesian steers,
2ieht months of age, were each allocated to one of three treatments in
an exneriment of randomised hlock, covariance desizn. While maize
silage either alone (S) or sunnlemented with bhiuret (MSR), formed two
of the treatments, it was considered necessary to include a ration
of better known nutritive value as a form of control. Hay and barley
meal (H3) was selected for this nurnose,

Taring a six-week commarison reriod, ration nhysical and chemical
analvses were made: drv matter (M) and comnonent digestibilities
and intakes, nitrocen (M) utilisation, and liveweight «ain by the steers
were measured. Identical recordinrs were made during the standardisation
neriod for usc in covariance anélyses. Throushout the study emrhasis
wns nlaced on animal rerformance (livewreisht ¢ain) as the nrime criteriorn
of nutritive value, the othar narameters measured heing considered to
characterisc that nutritive value as comnronents of it.

Mean rates of liveweieht ¢2in durine the comrarison neriod were
similar for all three srouns {0.44, 0.52 and ©.51 ke/day for the HB, ™°
and MSD trecatments respectively). Liveweight cains adjusted for !
intake, however, significantly favoured the *S3 treatment in comnrarison
with the HB (P <2 0.95) and MS (? <<0.10) treatments.

The possibility that this sunerior efficiency of the MSB treatment
was a result of unaccounted hias is discussed. Notwithstanding the
reasonably convincing evidence presented in favour of the reliability
of the finding, the possibility that it was merely an artifact could
not be unequivocally excluded.

The anparent equivalence of the MSB treatment to, if not
suneriority over the HB treatment, was difficult to reconcile with the
recorded DM digestibilities and digestible enerey intakes (&2, 14.7
meracals./dav and 67, 18.1 megacals./day respectively, for the MS and

HB treatments). Enhanced efficiency of utilisation of metabolisable



iii.

energy mediated via increased nost-ruminal digestion is suggested as
a possible exnlanation for this unusual finding.

Tf the efficiency advantace of the MSB over the MS treatment
was truly a nutritional effect, it can only be ascribed to the presence
of bluret In the former ration. While evidence presented would suggest
some utilisation 2f the surplemental biuret hv the rumen microbes, the
extent is clearly indicated by the N retention results to be limited,

It was found that YWew 7ealand nrroduced maize silape, harvested
at the dent-glaze stage of maturity (337 DM) had nhysical and chemical
compnositions closelv annroximatins those of the American nroducad
material. When fed as a sole ration to young growing cattle, levels
of DM intake (2.6-2.77 of liveweight) notentially conducive to rapid
rates of livaweight rcein (i.e. zreater than (.75 ko/day) may be
exnected. The presert results wonuld however sucgest that the
dicestibility of the oross znergy (651%) may imnose a ceiling of 0.75
kr/day on rotential rates of gain. The possitilitv of bias in the
estidmation of both intakes and digestibilities, resultine from the
use of the oven-drying techniqua in determining silage DIf contents,
1s discussed. It would scem that both the W1 digestibilities and
digastible eneroy intakes vecorded in the nresent study, may be
consistently low.

It is concluded that maize silage with = 9-10% crude nrotein
content can suonport growth rates in voung cattle of 0.5 kg/day, at
least in the short teorm. With the intake and digestibility data
recorded in the study described beiny of a level sufficient to supnort
grecater rates of liveweight gain, it would seem reasonable to suggest,
assuming no vitamin or mineral deficiencies; that protein availability
to the steers fed maize silage was limiting arowth rate. The nresent
study does sunnort a response to N sunnlementation {(hiuret) although
the findine is adopted with caution. Thz evidence is inconclusive.

It is therefore suggested that the need exists for a further
more specific study of the adequacy of the nrotein content of maize
®ilage for growth in young cattle. A longer neriod of maize silage
feeding, and the inclusion of a treatment containing a natural proteim

supplement would be considered essential.
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PREFACE

Progress in pasture management has resulted in more efficient
utilisation of available grass hy the grazing animal and concomitantly,
increased nroduction of milk, meat and wool. The noint has now been
reached, however, where the amount of grass actually grown is limitino
further increases in animal productivity. Possible means of lifting
this annual herbage production would include the use of nitrogen
fertilizer, irrigation, or high yield forage crons.

While the use of both nitrogen and irriration on nastures can
be clearly beneficial, their notential seems limited by the very
morphology and nhysiology of the pasture nlant. Without the limitations
imnosed by the rrazing animal, the use of high yield forage crops may
have the greater nroductive notential.

Maize (Zea mays L,) is one of the most oroductive forage crens
known to Mew Zealand and when used as silage, nrovides an animal feed
at quite low cost, comnarable with prass silage. Its characterisation
in ¥New Zealand however, is still in initial staces.

While extensive worl: on maize silage has been renorted in the
United States, extranolation of their findings to our vastly different
conditions is difficult. Emeraing from their work, however, with
singular clarity, is the confused understanding of the protein adequacy
of maize silage for growing animals.

The studv described herein was designed to investigate the
nutritive value of New Zealand produced maize silage as a sole ration
for young growing cattle, with emnhasis on the adequacy of its protein

content.
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GCHATTER OWE

REVIEM NF LITERATURE

An extensive literature on the nutritive value of maize silage
has evolved from the many years of its use as a livestock feed in the
United States. The nresent review is in no wav considered to be
exhaustive, Rather, it outlines the characteristics of maize silage,
with discussion centred on the statce of knowledge which led to the
oresent study. Reasons for verious decisions made in the design of
the experiment are offared, and where ncssible, techniques used and
nrocedures followed are discussed and justified.

“There useful evidence is rerortzd from exneriments with lactatine
cows, it is used in this review, desnite the confinement of the present
studv to cattle growth. However, relevant information availeble since
the completion of this work will be discussed in relation to the results
in Chapter ¥our.

The review is anproached in six sections, the first dealing with
the physical and chemical characteristics of maize silage, to provide a
background acainst vhich to comnare the New Zealand produced silape
used in the present studv. The second section considers the state of
knowledge of the feedine value of maize silape, hiehlightine the
confusion surrounding its protein adequacv for growinpg cattle. The
factors affecting that feceding value are discussed in section three,
where reasons for many of the managcerial decisions involved in the
productinn of the maijize silase are provided.

In pnlanning this work it was necessary to decide whether to feed
maize silage alone, and if fed alone, what deficicncies might be
exnected. Consideration is given, in section four, to the central
question of protein suonplementation, justification being provided for
the use of non-protein nitrogen to examine this question in the present
studyv. TPossible requirements for sunnlementary 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 secction, six,

providing a brief summary of the review.



1.1 CHARACTERISTICS OF MAIZE SILAGE

In this section the physical and chemical characteristics of
maize silage are summarized. The influence on these characteristics,
of varving nroduction conditions, including variety and cultural asmects,

is discussed in section 1.3.

1.1.1 Physical Comnosition

As far back as 1925, Hopper renorted from a study of 18 maize
varieties in the United States, that ear content as a nercentage of
total drv matter (DM) averazed 537 at maturity. Since that time,
however, the advent of higher grain yielding hybrids has increased the
ear content of mature maize. In a2 comnrehensive analysis of the growth
stages of hybrid maize, Hanway (1963) renorted an ear content figure
of 637 (of DM) fcor physioloeically mature maize nlants, while Bryant
and Blaser (1968) returned a figure of 75% of the DM for an early
maturing hybrid.

Maize silage is generally harvested a little before physiological
maturitv at 30-357 DM, and a comnlete nhysical analysis of hybrid maize
(120 day maturity) at the dent-glaze stacge of maturity (30-35% DM

content) is presented in Table 1.1.

TABLE 1.1¢ Physical analysis of maize plants at ensiling
(30-35%Z DM content)

Plant Comnonent Percentage of Total Shoot DM*
Grain 47 )

Cob, silks 9 ; Ear = 63%

Husk, shank 7)

Stalk 18

Leaf sheaths 6 )

Leaves 13 ; Leaves = 197

* Based on the data of Hanway (1963). Supporting data
contained in Loomis (1937) 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 Composition

A summary of analyses of the proximate composition of maize
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silage made at the dent stage of maturity is presented in Table 1.2.
For comparative purposes, the results of analyses of New Zealand,

spring grown, mixed pasture are presented (see Davey, 1964).

TABLF 1.2: Proximate comnosition of maize silage made at the dent
stage of maturity (anorox. 30% DM). The pasture analysis

results of Davey (1964) are included for comnarison.

Huffman

Morrisorn| NPC Brvant Davey

Source of Data & Duncan i
1657% 1670 1960%* 1970%4% | 1964%%*%
Dry YMatter Content 28195 ||| 2%%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
1]

Ether Extract ngis ) - 3.4 - 4.3
Crude Fibre 22.1 26.3 21.3 - 29.3
NFE €1.1 - 60.8 - 41.9

* Average of 237 separate analyses.
*% Average of 17 years' crons at Michigan State University.
**% New Zealand nroduced maize silage.

*%%% Mixed New Zealand ryegrass-clover spring mnasture.

Scrutiny of Table 1.2 reveals two characteristics of maize silage
when compared with pasture. Both its cruds protein and ash contents
are considerably lower. 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 presented
in Table 1.3.

In comparing the mineral contents of maize silage and grass
(see Table 1.3), the maize silage appears similar in magnesium and
possibly sodium, but low in calcium, phosphorus: and potassium.
Consideration of the MNPC (1970) requirements for these minerals by
prowing 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 contents of maize silage may be
inadequate for rapid gains of young growing steers {(see section 1.4.4).

The changing physical composition of the maize plant with

advancing maturity (see figure 1.1) could reasonably be expected to



TABLE 1.3: Further chemical analysis of maize silage - crude protein
and ash fractions, and carotene content (% of total maize
silage DM). The mnasture mineral analyses of Wilson et al

(1965) are included for comparison.

Johnson O . NRC (1970) | Huffman Wilson*
Source of Nata| et al ’(1é57) [Conpock & Duncan | et al
(1967) (1969) 12 (1960) (1969)
True Protein 4.9
NPN Protein 3.8
(N x 6.23) r
Ca - 0.32 0.28 0.25 0.53
Mg - 0.18 ' 0.18 0.26 0.22
- 0.25 0.21 0.24 0.46
- 0.14 0.112 = =
K - 0.95 0.95 1.17 3.32
Na - 0.04 0.03? - 0.11
Carotene 0.005 a 0.002 B
(46 .3pom) (18.2pnm)

* Analysis of New Zealand mixed spring nasture.

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

alter chemical comnosition concurrently. Such changes have been recorded
and are presented in Fipure 1.2. Clearly the chemical comnosition of

maize silage will depend on staze of maturity at harvest.

1.2 TFEEDING VALUE OF MAIZE SILAGE

Typical maize silage harvested at 30-38% DM (i.e. Dough-dent to
Glaze stages 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), sufficient energy would
be furnished (7.95 kg 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 9.38 kg digestible crude
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protein, sufficient to produce only 9 kg 4%Z FCM. (All requirements
based on Morrison, 1957).

While the limitations of this feeding standard anproach are
freely acknowledged, the calculations do demonstrate that although maize
silage is energetically capable of sunpnorting reasonably high levels of
milk production, it is clearly deficient in protein for this purpose.

For the growing steer, similar figures are presented in Table 1.4.

TABLE 1.4: TEnergy and protein adequacy of maize silage for growing cattle

Requirements* Intakes**
Liveweight
TDN Dieg,.Cr.Prot. TDN Dipg.Cr. Prot.
% of % of
kg ke kg kg requirement ke requirement
136 1.77 0.24 2.38 134 0.19 79
181 2.13 0.29 3.17 } 145 0.26 90
227 2.59 0,32 3.98 ! 154 0.32 100
272 2.95 3.36 4.76 | 161 0.39 108
|
318 13.63 J.38 b7 | 153 .45 118
363 3.99 | 0.41 6.36 | 159 0.52 127
] 2B ! )

* Based on Morrison (1957) to nromote gains of 0.34 kg/day (0.75 1b/day)
*%  Assumed DM intake of 2.5 kg/100 ke liveweight, maize silage TDN

value of 70% and digestible crude protein (Dig.Cr.Prot.) value

of 5.77 (DM basis).

Consideration of table 1.4 would indicate that maize silage may
supply considerably more energy to the growing steer than is required
for a growth rate of 0.34 kg/day. However, up to 227 kg liveweight it
seems possible that growing cattle may be incapable of ingesting
sufficient protein from maize silage to gain at this rate. Above 227 kg
liveweight, sufficient digestible crude protein may be furnished for
faster rates of growth. However, the writer considers that the assumed
digestible crude protein content of maize silage (5.7% of DM) taken
from the review of Coppock (1969), may be generous, values as low as
47 being reported in the literature (Morrison, 1957; Conrad and Hibbs,
1961; Colovos et al, 1970).

While for milk production maize silage is undoubtedly deficient

in protein, for the growing steer the situation seems less tlear. The



gquestion 1is further investigated in the section on supplementation of

maize silage (see 1l.4.1).

1.3 FACTORS AFFECTING THE FEEDING VALUT OF MAIZE SILAGE

A number of factors involved in the production of maize silage
are known to affect its nutritive value. These would include fertilizer
rates and plant population density, maize variety, stage of maturity
and DM content at harvest, and additives used at ensiling. Knowledge
of the extent and direction of these influencez 1s briefly reviewed
and reasons are gziven for various procedures followed in the production
of the present rmalze silage. Consideration is also given briefly to

silage yield where it mzy also be affected by these factors.

1.3.1 Fertilizer Rate

Nitrcgenous fertilizer levels in particular have received the
attention of researchers, not only through the possibility of increased
™ yields, but also beacause of postulated influences on the crude protein
content and nutritive value of resultant silage.

The literature is not all in accord. Zimmerman et al (1962)
using either no nitrogen (W) fertilizer or 247 kg M/ha failed to alter
either the silage DM yield or its crude protein content, although
yearling steers did inexplicably gain better on the high N fertilizer
silage. 1In coatrast, Cummings et al (1965) with three levels of N
fertilizer (0, 225 and 900 kg/ha) increased the crude protein level of
resultant silages 0, 18 and 39% resvectively from 6.19 to 7.28 to 8.58%
of DM. Information on animal response to these particular silages was
sparse and confounded by protein supplement feeding. Vandersall et al
(1962) however, using levels of N fertilizer similar to the first two
of Cummings et al (1965), reported more efficient milk production from

the high-N silage, despite supplemental protein feeding. St

Some of the most comprehensive evidence available comes from the
work of Alexander et al (1963). By doublingz NPK fertilizer rates
(62-54-54 to 125-108-108 kg NPK/ha) 33% 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, while crude fibre and ether extract levels remained

unchanged. The high fertilizer level also increased the digestibility



of the crude protein causing the digestible crude protein content to

be increased by 21% (2.94 to 3.57% of DM), a result very much in keeping
with the work of Jahn (1964) who recorded a 16% increase (5.5 to 6.4%

of M) in digestible crude protein content, using similar levels of
fertilizer.

The weight of evidence favours beneficial effects from high N
fertilization not only in terms of DM yield; but also in terms of crude
protein content and digestibility, an important consideration in
the nroduction of maize silage (see section 1.2). For these reasons
250 ke N/ha was used in the production of the maize silage for this
nutritive value study.

At such high levels of N fertilization, silage nitrate levels
may be elevated (Zimmerman et al, 1962; Cummings et al, 1965; Owen,
1967) ; as in drought conditions (Loomis, 1937), the significance of

this toxic substance being discussed in section 1.4.3.

1.3.2 Plant Population Density

It is known from agronomic studies that as plant population density
is increased, total Di yilelds penerally rise until nlant competition
prevents further increases and may even effect a yield decrease
(Stafijcuk, 1962). The literature contains rerorts of maize crons
grown at population densities raneing from 16,700 to 111,000 nlants/ha
(Dzinic, 1960; Alexander et al, 1963; Bryant and Blaser, 1%68;

Hunter et al, 1970). Dry matter yields increased un to the 98,000
nlants/ha of Bryant and Blaser (1968), and in the work of Hunter et al
(1970) , over a range of 48,0200 to 72,000 plants/ha, yield response

was linear. 1In this latter study, the leaf area index (LAI) at 72,000
nlants/ha (2.9) was below that considered by the authors to be necessary
to give maximum grain yield (3.5-4.0). It was suggested that 96,000
plants/ha would be Trequired to achieve this desired LAI. On the basis
of the work of Bryant and Blaser (1968) this figure appears not to he
too high.

In recent reviews, Owen (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
dipestibility. Supporting evidence for this contention can be found
in the results of Stafijcuk (1962) and Alexander et al (1963). However,
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the results of the latter group also show that these effects are
substantially reduced with high levels of nitrogen fertilization.

In summary, it could be considered undesirable for nlant
population to be so high as to reduce thegrin content of the resultant
silage. Bryant and Blaser (1%6%) found no evidence of this occurring
in plant nopulations un to 98,600 plants/ha, althcugh high plant
density was possibly resnonsiblz for the poorer silages made from
stands of 111,000 rlants/ha in the work of Dzinic (1960). It is
therefore likely that any small losses in digestible nutrient content
with increasing plant population will be more than compensated for by
increased digestible nutrient yield at the higher nlant nopulations
(stafijcuk, 1362: Alexander et al, 1963).

In the present study the moderately hich sowing density of
80,000 seeds/ha was chosen so as to achieve near maximum yields without

risk of prejudicing silage quality.

1.3.3 Maize Variety

For some time maize varieties used for grain production have
been considered most desirable for silapge making because of the high
net energy content for productive purposes of the orain in comparison
with the stover {(Morrison, 1957). In his 1967 review, however, Owen
questioned this rremise and cited evidence from work comparing the
value of extrem2ly hich grain, dwarf maize varieties with normal
hybrids for milk nroduction. There were no differences. The writer,
however, criticicses this evidence as differences other than grain
content between two such diverse varieties could have been influencing
the milk productinr results.

The ready nassare of shelled corn undicested through the
alimentary tract of ruminants (e.g. 23% - Becker and Gallup, 1929)
may have lead to a belief that the same waste would occur with grain
consumed in maize silape. However, this has not been the case, and
both Becker and Gallup(1929) and Huffman and Duncan (1959) recorded
undigested grain losses of 8.47% and 2.7% for silage harvested at the
glaze and early dent stages of maturity, respectively.

Nutritive value studies with silages of differing grain
contents have shown varying animal responses. However, Hayden and

Perkins (1923) and Huffman and Duncan (1956) , comparing silages with
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29 and 39%, and 5 and 47% grain content (DM basis) for milk production,
reported small but consistent advantages in favour of the higher grain
varieties. Moreover, Stafijcuk (1962) found a high positive correlation
between the proportion of heads in the dry matter and the nutritive
value of the silage, and Nevens (1933) reported higher DM intakes,
liveweight gains; and efficiencies of gain for growing cattle on maize
silage with higher grain content (47 vs 35% ear). Also nroducing
evidence in support of high grain content maize silage, Huber et al
(1965) compared three silages with ear contents of 34, 47 and 51%
(DM basis). Milk production increased with increasingz ear content of
the silage, as did overall DM content (25 to 337 DM). In this study
as in that of Huffman and Duncan (1956) silage dry matter content could
have confounded results.

This criticism cannot be levelled at the work of Dunn et al
(1955) who made normal and grainless maize silage from the one crop.
When grainless maize silage renlaced approximately half the hay in a
ration fed to milking cows, milk production was maintained, but when
nalze meal replaced the grainless maize silage to a similar level of
TDN intake; miik nroduction increased. Moreover, the grain in the
normal maize silage was found to have equal nroductive value to the
maize meal, clearly demonstrating its nutritional impcertance in maize
silage.

This evidence led to the selection of a high grain maize variety
for the present study, the three-way hybrid, Wisconsin 575.

1.3.4 Stage of Maturity arid Drv Matter Content at Harvest

Stafijcuk (1962) reported a high positive correlation between
maize plant maturity and DM content of the crop. Tt therefore seems
appropriate to consider these two factors together.

As has been established in section 1.3.3, the presence of large
quantitites of grain in the silage is likely to add to its feeding
value. By definition, the greatest yield of grain occurs at physiological
maturity about 35% DM (Coppock and Stone, 1965), when in fact, as can
be seen in figure 1.1, overall DM yield 1is likely to be at a maximum
(Hanway, 1963; Johnson et al, 1966a). The importance of not harvesting
too early, in terms of DM yield, 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 passes 35%, however, total DM yields are
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are likely to decrease (Johnson et al, 1966a).

As can be seen in figure 1.2, from tassel to physiological
maturity the chemical composition of the maize plant alters considerably.
While NFE and ether extract contents increase, ash, crude fibre; crude
protein, and also carotene contents all decrease. Evidence supporting
this early work (Hopper, 1925) has been reported by Huffman and Duncan
(1960), Huber et al (1965), Owen (1967), Cwens et al (1967) and Johnson
and McClure (1968).

Also changing with advancing maturity is the composition of the
crude protein fraction itself. From a comprehensive study of the effects
of maize plant maturity, Johnson et al (1967) showed that the percentage
of total W as true protein increased with advancing maturity from the
blister to just prior to the frost stage (i.e. up to 447 DM), (see
figure 1.3), tendinz to diminish the effect of the decreasing crude
protein content. Moreover, the losses of true protein during ensiling
were considerably less at more advanced maturities. This 1s probably
a reflection of the reduced fermentation activity with more mature
silage, lactic and acetiic acid production, especially the latter, being
reduced (Johnson et al, 1967) .

At the same time however, the apparent dipestibility of the
crude protein will decrease (Noller et al, 1963; Johnson and McClure,
1968) and may reduce the digestible crude protein content to low levels
at advanced maturities.

It has been suggestad that stage of maturity has very little
effect on DM digestibility (Nehring and Laube, 1959; Owen, 1967;
Coppock, 1969: Hillman, 1969). From in vitro dipestibility studies,
Johrson et al (1966b) have shown that while leaf cellulose digestibility
may decrease slowly with maturity, stalk cellulose digestibility
decreases until about 15 days nost-tassel, with little change thereafter.
From this point on, vegetative growth probably ceases and grain development
is the major process taking place (see figure 1.1). In fact, the rapid
deposition of starch in the developing grain, with concurrent dilution
of the plant crude fibre content, forms a basic difference between
grain crops, and pasture grasses and legumes, precluding the likelihood
of marked decreases in DM digestibility with advancing maturity of maize.

Available evidence would support this contention and the results

of studies on the DM digestibility of silages made at varying maturities
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are summarized in table 1.5.

TABLE 1.5: The effect of stage of maturity at harvest on the DM
digestibility of maize silage.

Milk-

Stage of Maturity Blister|Early| Early Dg:ﬁz_ Glaze | Flint &2§ire
Milk | Dough
™M 7 20 | 20-24| 25-27 | 28--30 | 33-35 | 38-47 | 47+

Johnson & McClure (1968) 67.3 |67.6 |70.3 |/71.2 |68.2 |68.2 | 68.8

Colovos et al (1970) 68.2 [71.1 |68.8 | 66.7
Noller et al (1963) 72.3 | 69.7 [68.7

Huber et al (1965) 68.2 63.4 |68.0

Bryant et al (1965) 66.7 68.5

Byers & Ormiston (19%54) 62.7 56.7

As has been suggested, the variations in digestibility post-
blister and pre-frost appear small. The published data would suggest
DM digestitility to be approximately two percentage units higher from
the milk- early douch to dough-dent stages (25~30% DM), than at earlier
or later stages of maturity.

In contrast to this insubstantial influence of maturity on
digestibility, Dzinic (1960) found that silages made at earlier
maturities (milk stae) were less readily eaten and of lower nutritive
value than those made later. Evidence in support of this contention is
strong. Over a range of silage DM contents, 21 to 73% DM, Huber et al
(1965), Bryant et al (1965), and Owens et al (1967) reported increasing
DM intakes and milk production with increasing DM content. Only one
of these studies, however, contained silages cver 407 DM content.
Silages in the range 54-73% DM content, in the work of Owens et al
(1967) , were ground prior to ensiling, this procedure being considered
by the writer to cast doubt on the validity of the results. Moreover,
Huber et al (1967) reported that silage with a DM content of 45% was
less well consumed and produced less milk than those in the range
30-37%. Similar evidence of poorer intakes with very high DM silages
is reported by Noller et al (1963); Colovos et al (1970) supporting
the finding of Johnson and McClure (1968) that DM intakes appear to be
highest at the glaze stage of maturity (35% DM). In the last mentioned




15'

work silages ranged from 20 to 71% DM content.

While it 1s known that increasing the DM content of ensiled grass
will improve DM intakes by ruminants (Moore et al, 1960; Neumark et al,
1964; Harris et al, 1966), the beneficial effect of advancing maize
plant maturity (up to the glaze stage) may not be mediated solely through
this factor. In their work on maize silage maturity, Huber et al (1965)
noted that the prcductive advantage cf the more mature silage (33.3% D
compared with 25.4 and 30.3%Z DM) was diminished in thz nresence of a
grain supplement, implicating the value of the extra grain (see section
1.3.3) with the more mature silage. There seems little doubt that both
factors, DM content per se and the value of hirher grain content are
involved.

It should also be noted that at the extremely late stages of
maturity when DM contents are very high (over 40% DM), Byers and
Ormiston (1964) and Cwens et al (1967) have shown that harvesting
losses caused by collapsing plants can be much elevated (257 compared
with 5% of total DM). Moreover, Huber et al (1967) reported losses in
the silo to be over 100% greater for the very mature silages, and at
the other extreme, Miller and Clifton (1965) showed seepage losses to
start at less than 30% DM. Yet another source of nutrient loss which
may increase with maturity is the exnulsion of undigested grain in
the faeces. It seems, however, that this increase in loss with
maturity is small (Becker and Gallup, 1929; Huffman and Duncan, 1959).

The evidence would indicate that harvestine maize for silage at
or near the mature seed stage (dent to glaze stage of maturity, 30-35%
DM), when the grain consitutes 45-557 of the DM, will maximise both
grain and overall DM production and minimise DM losses. Levels of DM
intake ar= likely to be highest at this stage of maturity, and despite
a slight reduction in DM digestibility, animal productivity is likely
to be maximised provided the digestible crude orotein content is not
limiting. On the basis of these conclusions, the maize silage used in
the present study was harvested at the dent-glaze stage of maturity,
30-35% DM content.

1.3.5 Buffers and Other Additives

Klosterman et al (1960, 1961) showed that maize silage treated

with limestone and urea additives at ensiling, supported more efficient
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and frequently faster gains in fattening cattle, when compared with
untreated maize silage. TProtein sunplementation of both rations precluded
the possibility of an N effect per se. The lactic acid content of the
limestone-urea silage had been increased 78% (DM basis) by the treatment.
It was concluded that the higher feeding value of the treated silage

was due to its higher organic acid coitent. Not all evidence is in
accord.

The buffing effects of limestone, Ca S0, and urea in increasing
silage organic acid conteat, have been widely feported (Byers et al,
1964; Simkins et al, 1965; Cummings et al, 1966; Johnson et al,

1967; Johnson and McClure, 1968: Condon et al, 1969: Schaadt and
Johnson, 1969). However, it is questionable whether this is entirely
desirable. While Schaadt and Johnson (1969) have shown increased
proportions of prorionic acid in the rumens cf sheep fed limestone
treated silage, and have implicated this in increased growth efficiency,
Johnson et al (1967) demonstrated concurrent reductions in the true
protein content of silages treated in this way. Nitrate content of
silages may also be reduced with limestone treatment (Cummings et al,
1966), but the writer considers ia contrast to the authors cited, that
this may be of no real benefit. It will be shown in section 1.4.3 that
nitrate levels in normal maize silage are nutritionally of 1little

moment, while its reduction to NO, and other nitrogen oxide gases in

the silo, aided by limestone treaiment9 may totally destroy the carotene
present. In attempts to prevent this occurrence Meiske et al (1963,
1965) added sodium bisulphite preservative to high nitrate silages and
successfully raised silage, plasma and liver carotene levels.

Both Kesler et al (1964) and Simkins et al (1965) have reported
reduced intakes of animals fed limestone treated silages. This is not
entirely surprising in light of the intake depressing effects of high
levels of lactic acid in silages reported by Emery et al (1961), Harris
et al (1966), McCullough (1966) and Walker (1968b) and contradicts the
reported higher intakes of Klosterman et al (1961). Also contradicting
the reports of Klosterman et al (1960, 1961) is the work of Nicholson
and Cunningham (1964). They reported decreased DM intakes, liveweight
gains and efficiencies of gain when yearling heifers were fed limestone

treated maize silage.

In view of the inconclusive nature of the evidence available on
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the value of buffer addition at emsiling, it was decided not to use any
such material in the production of silage for the present study. It i1s
acknowledged however, that limestone, CaSo4 and urea additives would
provide useful sources of N, Ca and S, elements which will be established
in sections 1.4.1 and 1.4.4 to be of marginal adequacy in maize silage.
Finally, the use of enzyme additives such as cellulase, to render
the less digestible fractions more digestible during ensilage, is an
interesting concent. Cellulase additions, however, have resulted in

no appreciable degradation of the crude fibre fraction (Owen, 1967).

1.4 SUPPLEMENTATION OF MAIZE SILAGE

Requirements for nrotein, energy, vitamin and mineral supplementation
will be considered in this section. It is necessary, however, to first
ascertain whether, given any of the listed supplements, maize silage
can be fed alone or whether some less readily identifiable factors are
required in the ration.

The use of maize silage as a major feed component over an extended
period of time appears to have no deleterious effects. Porter (1950)
raised heifers from birth through two lactations, and Converse and
Wiseman (1952) took cows through to the third generation, milking some
for eight years on maize silage as the only roughage. Protein rich
concentrates were fed and a marginal carotene deficiency was the only
problem reported. Brown et al (1966) also milked cows for two lactations
~on maize silage as the only roughage, 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 replaced part of the maize silage in a milking ration.
Moreover, Bryant (1970) reported slightly improved gains and intakes
with increasing quantities of grass fed with maize silage. However, in
both these sets of work, the hay or grass nrovided the only or major
source of protein sdpplementation, confounding the general effect 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

production as maize silage replaced clover hay in a milking ration
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at a slightly lower TDN level.

Both the evidence cited and practical appliéability of the results,
led to a decision to feed maize silage as the only forage in the present
study. Consideration is given to specific supplementation requirements

in the following sections.

1.4.1 Protein or Nitrogen (N) Supplementation

Reference to table 1.4 shows that maize silage may contain sufficient
protein for growth rates greater than 0.34 kz/day depending on the age
and body weight of the cattle. In fact, Thomas et 2l (1967) and Coppock
(1969) report growth rates in heifers fed maize silage alone, of 0.8€3
and 0.87 kg/day, further confusing knowledge on its nrotein adequacy
for growth,

What 1s clear, however, is that the nrctein content of maize sila:ue
is inadequate for effective utilisation of the enersy available. Conrad
and Hibbs (1968) found that 5.0 g digestible N was required for efficient
utilisation of every megacalorie of DE consumed (or 31 g dig. protein/
megacalorie DE), a lower requirement than was previously thought
necessary (35-40 iz dig. protein/megacalorie DE). A 20C kg steer
consuming 5.0 kg maize silage DM or 3.5 kg TDN (15,500 Kcal DE or 15.5
megacalories) , would therefore require 480 ¢ digestible protein for its
efficient utilisation. Allowing a digestible crude protein content for
maize silagce of 5.7%, as used in previous calculations, 285 o, or little
more than half the required digestible protein would be ingested. It
would appear that the suggestion of Coppock (1969), that maize silage
may furnish ample protein for growth, is valid only for sub-optimal
levels of gain, highest growth performance in theory requiring protein
supplementation.

As can be seen from figure 1.2, maize silape crude protein
contents fluctuate according to plant maturity at harvest. The graph
shows a crude protein content range from 11.7 to 8.2% over the blister
to ripe seed stages of maturity, although during summer-autumn drought
it may not fall at all, Pfander et al (1957) and Huffman and Duncan
(1960) recording figures of 11.8 and 14.9% respectively for drought
injured maize silage at the dent stage of maturity. Also, 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 cf the maize

plant at ensiling, and it is possible that immature silages containing

11% CP may in fact contain adequate protein for rapid growth. Goodrich
et al (1961) reported no responses to increased protein levels over

10% of the ration DM with 270 kg steers gaining at 1.1¢ kg/day. Similarly
Armstrong (1968) concludes that growth responses to pnrotein levels over
11.0% are unlikely in cattle over 200 kg liveweight. However, it will

te assumed that typical maize silape harvested at the dent stage of
maturity will have a crude protein content of 8-97% of the DM.

As feed protein is becomines both scarce and expensive in New
Zealand, it was decided to investigate a potentially cheaper form of N,
non~protein nitrogen (WPN), as a source of supplemental N for maize silage.
While it was realised that good quality pasture may provide a moderately
chean source of supplemental protein, its lack of availability at certain
times of the year, and the fact that it would supply nutrients other than
protein to the ration, precluded its use. 7rior to thz: feeding of NPN,
however, consideration had to be given to published evidence on the

ability of cattle tc successfully utilise this form of dietary N.

1.4.1.1 tlon-Protein Nitrogen (NPN) Utilisation by Ruminants.
While in 1879, Weiske first showed that the ruminant could utilise NPN

(Conrad and Hibbs, 1968), it was not until the longer term gsrowth
work of Hart et al (1939) that it was unecuivocally demonstrated that
NPN could be utilised in place of at least part of the dietary nrotein.
In the intervening years, a vast and confused literature has evolved
from innumerable feeding trials, and a lack of astute thinking. This
mass of evidence has been recently reviewed by Armstrong and Trinder
(1966) , Armstrong (1968), Chalupa (1968), Conrad and Bibbs (1968),
Waldo (1968), Oltgen (1969) and Smith (1969). It is not therefore the
writer's intention to review once more the general field so adequately
covered by these authors. Emerging from these reviews, however, is the
fact that animal performance on NPN has varied considerably, and
frequently been inferior to performance on natural protein diets.
Explanations for this in the reviews have tended to be inconclusive,
and its relevance to the use of NPN in the present study necessitates
its further discussion.

It would appear that two major factors are involved. Either the
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rumen microbial population 1is unable to effectively utilise the ammonia
released by the rapid hydrolysis of NPM in the rumen (Oltjen et al, 1962;
Clifford and Tillman, 1968) or, the microb-al protein synthesised in
the rumen and digested and absorbed from the lower tract; the major
source of amino acids (AA) available to the ruminant on high NPN diets, may
have limitations in terms of its amino acid content (Chalupa, 1968;
Oltjen, 1969).

The dearth of literature on the essential amino acid requirements
of ruminants led the writer to survey. in unpublished work, relevant
data on the requirements of non-ruminants, rats, chicks, pigs and
hunans (ARC, 1353; Allison, 1964; Hegsted, 1964; ARC, 1956), and
develop an amino acid requirement pattern considered likely for ruminants.
Work by Black et al (1952) demonstrating the uniformity of somatic A4
metabolism between ruminants and non~ruminants tended to justify this
arproach.

Comparison of this pattern with the essential amino acid content
of rumen bacterial protein (protozoa disappearing from the rumen with
hizh NPN diets -~ Virtanen, 1969) recorded in a number of studies
(Loosli et al, 1549; Duncan et al, 1953; Walker, 1957; Purser and
Buechler, 1965; Schelling et al, 1967), and adjusted for individual
amino acid availabilities (Loosli et al, 1949), revealed tryptophan as
likely to be first limiting. Blood plasma essential amino acid patterns
tended to confirm this finding (Cltjen and Putman, 1966: Schelling et al,
1967: Clifford and Tillman, 1968). While some of the evidence from
limiting amino acid studies reported the literature would support this
contention (Ellis et al, 1959: Barth et al, 1959; McLaren et al, 1962),
apparently contradictory evidence can be found (Bergen et al, 1968:
Freitag et al, 1968; Klopfenstein et al, 1966; Purser et al, 1966;
Schelling and Hatfield, 1968; and Devlin and Woods, 1965).

While the writer considers the essential 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 probably
not the major caise of depressed animal performance on NPN. For this
reason supplemental amino acids were not considered for the present study.

The other factor implicated in the poor performance of ruminants

on NPN was the ability of the rumen microbial population to efficiently
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utilise the ammonia released in the rumen. This would depend on the
degree of adaptation of the rumen microbes to the unusual feed form,
microbial requirements for specific amino acids and carhon skeletons,
and the energetic adequacy of the ration.

Adaptation resnonses to NPN feeding have been investigated by
a number of workers and their occurrence ccnfirmed (Smith et al, 1960;
Barth et al, 1961; McLaren et al, 1953b; Virtanen, 1966 and 1969).
Duration of the response has fluctuated but has been recorded as
continuing un to 6 months, clearly preciuding the use of change-over
designs 1in experiments utilising NPN. This was one 2f the reasons why
a continuous desisn was employed in the present study and could well
account for deprescsed animal performance on NPN in some short term work.

The requirement of certain rumen microbes for specific carbon
skeletons (e.g. branched chains and amino acids) (Barth et al, 1950;
Allison et al, 1962; Gossett et al, 1962; McLaren et al, 1965a;
Rook et al, 1965; Cline et al, 1966; Hungate, 1966; Freitag et al,
19568) has also been implicated in disappointing responses to NPN
feeding. However, in 1949, Loosli et al unequivocally demonstrated
that the ten essential amino acide could be synthesised in the rumen,
and 1t is now clear that symbiotic microbial relationships supnply the
specific carbcn skeletons normally derived from dietary protein
(Virtanen, 1966; @rskov and Oltjen, 1967), provided the carbohydrate
or energy fraction of the ration is adz2quate, both qualitatively and
quantitatively (Conrad et al, 1967: Clifford and Tillman, 1968).

One energetic limitation irmediately apparent with NPN feeding
is that imposed by the condition of anaerobiosis in the rumen.
Bauchop and Elsden (1960) showed quite clearly that in anaerobic
systems the dry weight of microbial protoplasm synthesised was directly
proportional to the amount of ATP produced, and in such systems, only
4 moles of ATP are produced from the fermentation of one molecule of
glucose, 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) have suggested that up to
80% of this may be broken down and require resynthesis.

The writer, in unpublished work, has used the technique of
Walker (1965, 1968a) and the purified diet data of Virtanen (1966,
1969) and Oltjen and Putnam (1966) to estimate the potential microbial
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protein yield per 100 grams of carbohydrate fermented in the rumen.

It was calculated to be 18.0 g nrotein/100 g CHO fermented, a figure
very similar to Walker's more recent calculations as reported by Hume
and Bird (1970). The in vivo protein synthesis studies by Conrad et al
(1967) , Hogan and Weston (1967), Bume (1970a, 1970b) and Hume et al
(1970) tend to add credence to the accuracy of the writer’'s estimated
notential. From this calculation; and again using the data of Virtanen
(1969), it is concluded that while for milkiny cowes 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 1is 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 limiting, the responsz to its addition is
rectilinear. Once energy becomes limiting, however, the response to
added protein diminishes and the relationship becomes curvilinear. The
fall in apparent biological value is associated with the use of protein
as an energy source. While protein addition to a ration where energy
is limiting will in non-extreme cases still give a response, albeit a
smaller one, NPN, because it contains little or no available energy,
can give no positive response whatsoever. Clearly, experimental work
involving isonitrogenous substitution of NPN for protein will not only
alter the quality of the dietarv nitrogen, but will also alter the
shape of the recipients M response curve. It will in fact lower the
point, in terms of N addition, at which the dietary energy level
becomes limiting. In effect, the potential for oroduction on the
ration is automatically lowered, and it seems likely that this factor
is responsible for many of the reported poor responses to NPN feeding.
In this light it is interesting to note that NPN addition to rations
with excess energy (Bond et al, 1962), or where isonitrogenous and
isocaloric NPN substitutions for protein have been made (Balch, 1967),
NPN has produced growth rates and efficiencies of gain of a level
similar to those resulting from the use of natural protein.

Finally, the quality of the carbohydrate or energy fraction of
the ration may also determine the energetic adequacy of the ration.
This influences the rate of supply of energy to the microbes following
feeding, and for efficient NPN utilisation must be matched to
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the rate of supply of ammonia. While Hart et al (1939) found that most
efficient utilization of NPN occurred when soluble carbohydrate (CHO)
was fed in the ration, Mills et al (1942) showed starch to be the most
suitable form of this carbohydrate. The actual quantities of snluble
carbohydrate requlredhave recently been estimated (McLaren et al, 1965b;
Conrad and Hibbs, 1968), the latter authors finding that for the
efficient utilisation of urea in the adapted cow, one kg of readily
fermentable carbohydrate must be present in the diet per 100 g of urea
fed. Moreover, two thirds of the required soluble carbohydrate had to
be in the form of starch. Confirmatory evidence has been presented by
Virtanen (196%), who showed that the proportion of starch in purified
PN rations, fed to lactating cows, could not be reduced below 55% of
the total carbohydrate (70% of soluble carbohydrate) without an
associated drop in milk nroduction.

The question immediately arises, in light of the present study,
whether maize silage contains sufficient soluble carbohydrate,; including
starch, to enable efficient utilisation of sunnlementary NPN. Provided
this last requirement is met there seems little reason why, if mailze
sllage nrotein levels are deficient for growth, NPN sunplementation should
not adequately rectify the deficiency.

1.4,1.2 NPN Supplementation of Maize Silage. Johnson et al

(1967) have surgested that maize silage may be one of the few forages
conducive to the reasonably efficient utilisation of NPN. They argue
that it produces in the rumen a lower pE than many feeds, under which
conditions the NHQ ion predominates and is less ranidly absorbed than
the free ammonia which is more abundant at higher pH's. }ioreover,
they suggest that the high lactate content of maize silage may provide
a substrate for rapid fermentation with hydrolysis dynamics similar to
those of NFN.

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 harvest.
It was also shown that 65-70% of this soluble carbohydrate was fermented
during ensiling, leaving about 90 mg soluble CHO/gDM. If 5 kg urea are
added per 1,000 kg of whole plant maize silage (33% DM) (sufficient to
raise crude protein content four percentage units to approximately 12%),
and a 90% recovery of urea 1is assumed (Ryley, 1967), the silage would
contain 0.0135 g urea/g DM, and for every 100 g urea, only 670 g (0.67 kg)
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soluble CHG: well short of the 1,000 g required for efficient urea
utilisation (see section 1.4.1.1). On this basis, Coppock (1969) has
suggested in his review that maize silage may contain insufficient
soluble carbohydrate €or efficient use of urea.

However, Coppock (1969) has overlooked one important factor.
That 1s, that the soluble carbohvdrate determination method of
Johnson et al (1966b) is unlikely to extract starch, a readily
fermentable carbohydrate included in the requirement estimation for
efficient NPN utilisation of Conrad and Hitbs (1968).

Most of the carbohydrate fermented during ensiling seems to come
from the cold-water--soluble carbohydrate fraction of the stalks of the
corn plant (Johnson et al, 1966b), dropping the pH rapidly and preserving
the starch in the grain. !Moreover, lactic acid is the predominant
fermentation product (Barnett, 1954: Johnson et al, 1967) and it has
been reported by Watson and Nash (1960) that energy losses of only
2-3% may be sustained in its production. While it would not be
included in the soluble carbohydrate fraction of the silage (Johnson
et al, 1966b) but rather the ether extract fraction (Barnett, 1954),
it may well nrovide an energy source with appropriate breakdown dynamics
for urea utilisation (Johnson et al, 1967). Confimmatory evidence
comes from the work of Klosterman et al (1961} where limestone-urea
additions at ensiling, which would further reduce the soluble carbo-
hydrate content and increase the lactic acid content of silape, did
not detrimentally affect liveweight gain.

In light of this background, studies of the NPN supplementation
of maize silaze in productive rations should be of interest.

Where NPN, mainly urea, has been fed in maize silage based
milking rations, results have varied. Conrad and Hibbs (1961), Van
Horn and Jacobson (1971), and Van Horn and Mudd (1971) reported
negligible or very poor responses to NPN supplementation. 1In the
latter two cases NPN 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 allowing time for animal adaptation, but insufficient
attention appeared to be directed towards keeping rations isocaloric

as well as isonitrogenous. Where this was done (Van Horn et al, 1967),

and urea was added to 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 107 crude nrotein. However, Conrad and Hibbs (1961)
clearly showed that urea could not replace all of the supplementary
protein required for high levzls of milk production on maize silage.

With the lower protein requirements for growth, results of NPN
supplementation trials have been characteristically different. 1In 1941,
Harris and Mitchell found mzize silage rations (5.35% CP), supplemented
with starch, corn syrup, brown sugar, salt mixturz and citric acid,
were unable to support appreciable growth in lambs or even consistently
maintair their nitrogen equilibrium. Addition of urea to bring the
ration to 117 crude protein produced normal growth rates. However,
whether maize silage rations without the supplemental starch would have
responded to the urea addition remains unclear. In contrast, Thomas
et al (1967) failed to show consistent benefit from urea supplementation
of maize silage fed alone to 250 kg heifers growing at 0.83 kg/day.
That soy bean meal (SBM) supplements were also of no benefit would
suggest an unusually high level of protein in the silage. Tolman and
Woods (1966) found urea supplements to be less satisfactory for growth
of calves than SBM, a result similar to that of Owens et al (1967),
although in the latter case the difference was significant only for the
first 40 days, the adaptation response again confounding results. In
neither of these studies was an unsupplemented control reported, this
factor limiting the interpretation of the results. Where unsupplemented
maize silages have been incornorated in the design, Schmutz (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 those recorded with SBM supplementation. Using maize silage
containing 1% urea (wet basis) and shelled corn, Klosterman et al.
(1970) recorded high growth rates of 1.13 kg/day with cattle. Further
high quality supplemental protein (SBM) was of no value whatsoever.

This level of addition of urea, however (1% of fresh weight),
is higher than the accepted nom (0.5% of fresh weight). It is
generally considered tht NPN intakes should not exceed 0.45 kg/
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1000 kg LW (Huber et al, 1968; Hillman, 1969) and cattle eating the
silage of Klosterman et al (1970) would have been consuming 0.75 kg
urea/1000 kg LW. Whether this level of urea could be utilised
effectively without the supplemental starch fed is not known.

It would appear from this not entirely inconsistent evidence
that where maize silage is deficient in protein, NPN supplementation
can produce resnonses. Whether, however, extra starch is required to
achieve best utilisation of the NPN requires further investigation. It
is expected that the present study will cast some light on this
question.

1.4.1.3 Choice of NPN Supplement. Sources of NPN considered

for the present study were urea and biuret, a reflection of NPN
availability in New Zealand.

The palatability (Armstrong and Trinder, 1966) and toxicity
(Repp et _al, 1955) problems associated with urea feeding, in addition
to the problem of matching carbohydrate fermentation to its rapid rate
of hydrolysis, led to consideration of the more slowly hydrolysed
biuret (Campbell et al, 1963) as a more suitable NPN source.

Artificial rumen studies on the suitability of biuret as a
nitrogen supplement by Belasco (1954) showed it to produce only 7% of
the cellulose digestion stimulated by urea supplements; bacterial
growth also being noor. A similar result was reported by Meiske et al
(1955) , indicating biuret to be very poorly 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 comparison
with urea. In neither case was the difference statistically significant.
Moreover, working with sheep and lambs, Gaither et al (1955) making the
same comparison reported no difference, while Hatfield et al (1959)
and Karr et al (1965b) found greater nitrogen retention with biuret
than urea. In terms of milk yield (Waite et al, 1968), and lamb and
steer growth rates (Meiske et al, 1955; Karr et al, 1965a; Mies et al,
1967; Owens et al, 1967), either no differences, or advantages in
favour of biuret were reported. This evidence is in complete contrast
to the in vitro work cited earlier and must warrant further discussion.

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

retention, with lambs fed biuret, resulted from innoculation of their
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rumen contents with microbes from sheep fed bturet over a prolonged -
period, would indicate a very low level of biuret utilising microbes in
the rumer of animzls on normal rations. This is in contrast to the
situation with urea feeding where salivary urea is continually being
hvdrolysed in the rumen on all ratious.

A marked adaptation response to biuret feeding is indicated, and
Campbell et al (1963), Johnson and McClure {1964), Karr et al (1965b)
and Nltjen et al (1969) have revorted increasing utilisation of biuret,
and animal growth rates up to 40 days on diet: well beyond tha time
utilisation of urea ceased increasing. This resnonse seems a likely
explanation for the verv poor utilisation of biuret reported in the
early in vitro studies (Belasco, 1954; Meiske et al, 1955).

Both Camnbell ct al (1969 and Johnson and McClure (1964) have
reported verv low ammonia producticn from in vitro incubation of
biuret with rumen microbes from adapted sheep. Moreover, while
Campbell et al (1963) and Oltjen et al (1953) renorted slight rumen
ammonia increases in vivo following biuret feeding, Repp et al (1955)
under similar circumstances found no changes in blood ammonia levels.

Ammonia, zbsorbed readilv from the rumen, is converted to urea
by the liver, very little ammonia normally appearing in the peripheral
blood. "ith urea feeding however, the absorntion of ammonia from the
rumen can become so great that the liver cannot cope with the load and
ammonia spills over into the perinheral circulation. Ammonia levels
of about one mg/100 ml of blood have proved fatal to sheep (Repp et al,
1955). With biuret producing only half the ruminal ammonia concentrations
of urea (Oltjen et al, 1969), this overloading of the liver appears not
to occur and hence the reported non-toxicity of biuret even at many
times the lethal dose of urea (Repp et al, 1955; Berrvy et al, 1956;
Hatfield et al, 1959).

Since biuret is tasteless (Armstrong and Trinder, 1966) it might
be expected to be associated with more satisfactory levels of intake
than the bitter-tasting urea. While Owens et al (1967) reported greater
feed sorting and refusals with growing cattle fed urea, in comparison
with biuret, Oltjen et al (1969) actually reported greater DM intakes
on rations supplemented with biuret (2.5 versus 2.2% of body weight for
biuret and urea respectively), indicating biuret to be less seriously
afflicted by the palatability and intake problems of urea in productive

rations.
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In the practical situation, supplemental NPN is generally added
to maize silage at ensiling. While it is not the intention of the
wiiter to become involved in the controversy surrounding the nutritional
benefits or adverse effects of this practice; it is worthy of note that
biuret has a much lesser effect on the ensilage process than urea,
tending to be more stable and less prone to nitrocen loss (Karr et al,
1965b; Condon et al. 1969).

Finally, reports on studies of the suitability of biuret as an
NPN supplement for maize silage are sparse. Results with growing
lambs and steers have indicated slisht advantages in favour of biuret
(Karr et al, 1965a; Owens et al, 1967).

Biuret's freedem from the palita™i’ity and texicity problems of urea,
and its beins at lcecast as satisfacotry as urea nutritionally, led to
its choice for the present study, despite the lonyper adaptation period

required for its cffective utilisation.

1.4.2 Energy Supplementation of Maize Silage

Maize silace is generally considered to be a high energy feed
(Coppock, 1969; Hillman, 1969). Certainly, consideration of table
1.4 reveals that maize silage contains considerably more energy (TDN)
than is required for a growth rate in young cattle of 9.34 kg/day.

In fact, on the basis of the Morrison (1957) feed requirements, maize
silage would contain sufficient energv for 'rapid growth’, provided
an 1intake level of 2.5 kg/100 kg IW could be maintained.

Undoubtedly animal performance on maize silage could be improved
by energy supplementation, but this in MNew Zealand would be extremely
expensive and likely uneconomic. For these reasors no energy supplements
were used in the present work although the possible value of special
types of energy supplement to improve the utilisation of non-protein

nitrogen has been mentioned (section 1.4.1.2).

1.4.3 Vitemin Supplementation

Of the essential fat soluble vitamins, vitamin A and D deficiencies
have been implicated in maize silage feedingz (Hillman, 1969).

The vitamin D content of maize silage has been found to range
from 269 to 364 USP vitamin D units/kg DM (Bechtel et al, 1936). Daily
ingestion of maize silage at the level of 0.7 to 1.0 kg/100 kg liveweipht

was foynd to be effective in.curing and preventing rickets in yearlings,
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and also supplied sufficient antirachitic material for growth and
reproduction in dairy cows (Bechtel et al, 1936). However, green
maize leaves have been shown to contain ¥ery little vitamin D

(Bechtel and Hoppert, 1936) and it 1s therefore possible that immature
silages may have a vitamin D deficiency. It would seem though, that
typical maize silage made at the dent or glaze stares of maturity, when
the lower leaves have dried, as was the:case in the present study, is
extremely unlikely to be deficient in this respect.

Carotene or pro-vitamin A contents of maize silage, recorded in
the literature, range from 4-156 ppm (DM basis), values for typical
farm silages averasiing from 10 to 70 ppm (Wiseman et al, 1933; Huffman
and Duncan, 1960; Coppock, 1969:; Hillman, 1969).

Carotene content 1s again fairly clearly related to plant
maturity, decreasing from 140 ppm at the milk stage to about 18-33 ppm
at the dent stapge cf maturity (Wiseman et al, 1938; Huffman and
Duncan, 1960; Coppock, 1969). 1In brief, the greener the plants at
harvest, the higher theilr carotene content is likely to be. Contrary
to popular misconception, even yellow maize varieties contain little
vitamin A precursor in the grain (Wiseman et al, 1938).

A number of factors associated with the ensilage process are
also known to affect silage carotene content. It has been shown that
generation of heat sufficient to brown the silage will almost totally
destroy the carotene present (Bechtel et al, 1943), while the addition
of calcium carbonate or urea can effect a carotene reduction from the
normal 20 ppm to 10 ppm (Simkins et al, 19653 Ryley, 1967). Also,
the high plant nitrate levels, resulting from heavy nitrogen fertilization
(Zimmerman et al, 1962; Cummings et al, 1965; Owen, 1967).or drought
conditions (Loomis, 1937), have been shown to destroy carotene during
ensiling (Wright and Davidson, 1964). Sodium bisulphite additions have
been found to effectively prevent this destruction (Meiske et al, 1963)
by blocking the reduction of NO3 to the highly destructive NO2 (Meiske
et al, 1965), which occurs during ensiling (Jacobson and Wiseman, 1963).
While plasma and liver carotene levels of cows eating the bisulphite
treated silages were effectively raised, associated production benefits
were not reported (Meiske et al, 1963).

It would appear that the 230 kg growing steer requires about
30 mg carotene/day (Morrison, 1957; NRC, 1970). With an extremely
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mature silage, or one where carotene has been destroyed during ensiling
leaving only 5 ppm, and with an intake of four kg DM/day, a carotene
deficiency 1is clearly possible. However, with typical mature maize
silage containing 20 pnm carotene, sufficient carotene for rapid growth
should in theory be ingested,

Despite this, Jordan et al (1961) and Zimmerman et al (1962)
have reported decreased liver vitamin 4 levels 1in growing steers
following 133 and 79 days respectively on maize silape rations. More-
over, Wiseman et al (1938) considered a vitamin A deficiency to be
resnonsible for calf deaths when cows were fed maize silage for five
lactations, and Jordan et al (1963) found vitamin A deficiency symptoms
in steers fed maize silage over the winter and spring periods. In most
of this work silage carotene levels were not unduly low and in the
case of the study 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 express the view that
cattle fed maize silage convert its carotene to vitamin A poorly.

The poor carotene metabolism in the study of Jordan et al (1963)
seemed to be exaggerated in the presence of nitrate and rectified by
the administration of the thyroid hormone, triiodothyronine. The knowledge
that carotene utilisation is influenced by thyroid activity (Moore, 1957)
and that nitrate has an inhibitary effect on thyroid activity (Blomfield
et al, 1964), together with the finding of Garnmer et al (1958) that rats
became rapidly depleted of liver vitamin A stores, showing vitamin A
deficiencies when fed nitrate containing rations led to an extensive
literature on the chronic effects of nitrate in maize silage. The
assumntion, 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 (1964), nitrate
levels acutely toxic to ruminants would be required to interfere with
iodine and thus vitamin A nutrition.

In this light it should be noted that the positive vitamin A
response recorded by Jordan et al (1963) on administration of
triiodothyronine to steers was only circumstantially linked with nitrate
in the silage, and in fact, the authors themselves consider high
temperatures rather than nitrate to have been inhibiting the thyroid.

Apart from this one pilece of evidence of a possible nitrate-carotene
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link in ruminants, demonstration of the nitrate-carotene effect appears
to have been confined to monogastrics.

With the demonstration Ly Olson et al (1963) of the potent
carotene destructive nronerties of nitrite in acid conditions, it would
seem that with normal dietary nitrate/nitrite levels, the nitrate-
carotene effect in non-ruminants is caused by the destruction of carotene
in the acid stomach. TIn the near neutral conditions of the rumen this
does not occur (Clson et al (1963) and the ranid absorption of nitrite
(Wright and Davidson, 1964) prevents it from reaching the acid abomasum
thus avoiding extensive carotene destruction,

& number of workers have produced evidence sunporting this thesis
of the non-significance of the chronic nitrate-carotene effect in
ruminants. Davison et al (1963) fed 0, 20 and 30 « nitrate/day to
Holstein heifers either just before or during their first pregnancy.
While the highest level of nitrate was fatal o one heifer, those
remaining did not differ in rate of growth, lenpth of pestation, birth
weight of calves, rate of milk production or liver vitamin A reserves.

A similar result with lactating cows fed maize silage (0.78% KNO3 +
1.25% KNOB) is reported by Jones et al (1966)., and Meiske et al (1965)
actually reported 2levated liver carotene with dairy cattle fed

maize silage with raised nitrate (0.9% NOB) and carotene levels through
sodium izetabisulphite treatment.

With growine steers Weichenthal et al (1963) reported no
influence on liver vitamin A levels from adding 1% Na NO3 to the ration.
Moreover, both Jordan et al (1961) and Zimmerman et al (1962) found no
effect on liver vitamin A content from feedin¢ normzl or high nitrate
maize silages (0.16 to 0.75% NO3). In fact, steer prowth rates were
higher on the high nitrate, than on the lower nitrate maize silages;
possibly a reflection of protein content.

The weight of evidence would indicate that the level of nitrate
in maize silage required to interfere with vitamin A nutrition cannot
be distinguished from the level that would cause acute toxicity.
Nitrate has been fed in maize silage rations successfully up to levels
of 1.67% (Cumnings et al, 1965) and 1.25% (Jones et al, 1966), Wright
and Davidson (1964) suggesting a ration containing about 2% N03 to be
lethal to 50% of ruminants consuming it. Even in maize silages produced

with extremely high levels of nitrogen fertilizer (900 kg N/ha), or
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treated with preservatives; nitrate levels have not been recorded above
0.9% of DM (Cummings et al, 1965; Meiske et al, 1965). Only with
severely drought injured maize silage could nitrate content reach these
dangerous levels (Loomis et al, 1937).

There would seem to be no substantiated reason why carotene from
maize silage should not be effectively utilised bv ruminants. 1In fact,
much evidence would indicate quite satisfactory utilisation. While
with lactating cows fed maize silaga through two lactations, Brown et al
(1966) found quite normal nlasma vitamin A levels, Martin 2t al (1967)
reported depleted plasma and liver vitamin A levels in lambs to be
returned to normal with maize silage feeding (23 opm carotene DM basis).
A similar result with growing steers is reported by Klosterman et al
(1964), Miller et al (1957), also finding maize silage to be quite
satisfactory as a carotene source for growing cattlie.

The occasional reports of depleted liver vitamin A stores on
maize silage (Jordan et al, 1961; Zimmerman et al, 1962) are not
surprising in view of the variability in maize silage carotene content,
and the finding that it takes five times the vitamin A to maintain
liver storage than to prevent the anpearance of deficiency symntoms
(Jordan et al, 1963).

Consideration of the evidence leads to the conclusion that
vitamin A supplementation of maize silage for ruminants should not be
necessary unless a unique combination of circumstances prevails. For

this reason vitamin A sunplements were not used in the present study.

1.4.4 Mineral Supplementation

Vhile Johnson et al (1967) contend that maize silagc is
inherently deficient in Ca and P, Hillman (1969) extends this list
claiming it to be low in S, Ca and Na, borderline in P, and nossibly
deficient in Co and I. That maize silage feeding will reduce mineral
intake in comparison with pasture grazing, is undoubtedly true.
However, reports of Na and Co deficiencies are not readily apparent in
the literature, althougsh an I deficiency has been implicated in an
isolated report of a goitre problem (Hemken and Vandersall, 1967).

As indicated in section 1.1.2, it would seem that P, Ca and
also S are the minerals most likely to prove deficient. Moreover, such
incipient deficiencies may be precipitated when supnlemental NPN

replaces a large part of the nlant protein in a diet, proteins being



<2 8

rich in minerals.

Both S and P appear to be important in NPN utilisation
(Burroughs et al, 1951; Thomas et al, 1951), but unfortunately a
dearth of information exists on the value of phosphorus, as is the
case with calcium, supplementation of maize silage. A considerable
effort, however, has been directed towards sulphur nutrition,
possibly indicating its importance in maize silage feeding.

It scems that sulphur requirements are related to nitrogen
level in the ration, an N/S ration of 10/1 being required (Allaway and
Thompson, 1966). Maize silage has a typical N/S ratio of 13/1, the
addition of 0.5% urea widening this to about 18/1. Responses to S
supplementation, however, have been variable.

Both Davis et al (1954) and Jacobson et al (1967) failed to
find any response from S supplementation of maize silage rations fed
to lactating cows. Since it can be calculated that the N/S ratios of
the maize silages fed were 5/1 and 12/1 respectively (i.e. within and
near requirement resrectively), S supplementation responses could
hardly be expected.

With growing calves fed maize silage and urea,Tolman and Woods
(1966) found no resronse to S supnlementation. The N/S ratios of the
rations fed were unfortunately not renorted. While Shively et al
(1966) recorded an initial response to S sunnlementation with growing
cattle on a 17/1 /S ratio, high urea diet, it did not last beyond
three months. Goodrich et al (1967) however, renorted S supplementation
of high urea diets to nive consistent responses in both growing cattle
and lambs.

Interpretation of this data is difficult. It has been suggested
(Allaway and Thompson, 1966) that when the vield of a forage is increased
through the use of S fertilisation, an improvement in nutritive value
for ruminants will coincide with the increased yields. Beyond this,
where maize silage is fed with NPN, efficient utilisation .of the N
fraction may require S supplementation. However, care must be taken
in adding supplemental S as it has been shown to precipitate incipient
molybdenum toxicities (Vanderveen and Keener, 1964).

On the basis of the avilable evidence it was decided to supply
a mineral supplement containing Ca, P and S for the present study, as

it was contrary to the purpose of the experiment to have such factors
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limiting the utilisation of the supplemental NPN.

1.5 CONSIDERATION OF EYPERIMENTAL DESIGN

The objective of the present study as outlined in the nreface,
was to investigate the nutritive value of maize silage for growing
cattle, with narticular emphasis on its protein adequacy. The ultimate
criterion of nutritive value is animal performance. Other measures,
such as voluntary intake and dige:stibility, are considered to be
components of, or to heln characterise., nutritive value.

In a study with growing cattle, the best measure of productivity
would be carcass weight gain. Unfortunatelv, however, financial
circumstances precluded measurement of carcass weight gain, leaving
liveweight gain as the major measure of nutritive value in the present
study.

Consideration of nrotein adequacy required study of nitrogen
(N) utilisation and necessitated measurement of XN balance.

In order to achieve this objective, it was necessary to design
an exneriment with a minimum of three treatment s;rcups, one fed maize
silage alone, another fed maize silape sunpnlemented with nitrogen, and
a control group fed a ration of known value to measure the responsiveness

c¢f experimental subjects to treatment.

1.5.1 Choice of Dasign

Liveweight chanpge is a somewhat gross measure, being the result
of both chanpges in body tissue weight and fluctuations in the weight
of digestive tract contents (put fill). Gut fill has been found to
account for 10-287% of the total liveweight of adult cattle beasts
(Mott and Lucas, 1962), and over the course of one day may cause an
average change in measured liveweight of 9-16 kyp (Taylor, 1954). More-
over, from day to day, liveweights of individual animals have been
shown to vary up to 28 kg (Hughes and Harker, 1950). It is therefore
not surprising that coefficients of variation for liveweight gain
of up to 65% have been recorded (Hubbard et al, 1969).

Clearly to obtain reasonable sensitivity in liveweight gain
studies, without using vast numbers of animals, sophisticated design
and management techniques are required. For the present study
facilities would permit the use of only 16 animals.

Greatest error control in experimentation can be achieved by the
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use of change~over designs (Lucas, 1959), with the risk however, that
performance in a given period might reflect not only the direct effect
of the current treatment, but also the residual effect of preceding
treatments (Patterson and Lucas, 1962). It has been clearly shown that
liveweight gain response is affected by previous treatment (Joblin,
1968; Almquist et al, 1971). This coupled with the likelihood of an
NPN adaptation response, discussed in section 1.4.1.1, rendered change-
over designs as being unsuitable for the present study.

The possibility of using monozygous twins was considered since
Dick and Whittle (1951) reported such twins to be 5 times as efficient
as unrelated animals. However, twin efficiencies in liveweight gain
studies have been variable. Hancock (1951) reported a range from 4 to
21 depending on 'between' and 'within set' variability. With three
treatments, however, efficiencies :=sould be lowered, and in short term
work (three to six weeks) with more than two treatments, Bailey et al
(1958) failed to find any advantage in their use. Moreover, it was
considered monozygous twins would not be renresentarive of the population
to which the results were to apply; a prerequisite of sound
experimentation (Lucas, 1959). T¥or these reasons twins were not used.

In experiments with limited numbers of animals, Lucas (1959)
has suggested a procedure of balanced allotment, whereby means and
ranges in treatment groups are made as like as possible. This technique
is open to the criticism of nossible bias in the estimation of
experimental error. Moreover, Meyer et al (1960) found balanced
allotment of growing cattle, eight to ten per treatment, to be less
successful in reducing error variance than the technique of randomised
blocking, when both were combi#ned with covariance analysis. Randomised
blocking not only tends to equate group means but also the variab..lity
within groups, without the risk of bias.

Ashton et al (1955a), with growing pigs, found the coefficient
of variation of rate of gain, adjusted by covariance analysis, to be
reduced by 10% when compared with unadjusted gains. When covariance
analysis was used in association with a randomised block procedure,
the reduction in coefficient of variation was 25% (Ashton et al, 1955b).
The independent covariable in each case was initial liveweight.

Working with growing steers, Kincaid et al (1945) effected a 14%

reduction in error variance with covariance analysis, using liveweight
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gain in a previous period as the indepnendent cowariate. Moreover,
Ashton et al (1955a) recorded a 207 reduction in error variance of
pig N balance data adjusted by covariance analysis.

On the basis of this evidence a randomised block, covariance
design was chosen for the present study. Animals were to be blocked
on initial liveweipght, and gain during a six week standardisation
period was to provide the independent covariate. The standardisation
period would alsec provide an opportunity for o:taining the N-balance
data necessary for its own covariance analysis. A sixz week
standardisation period was chosen as Bailey et al (1958) found two
weeks to be too short, and on the tasis of their data, six weeks
appeared to be the minimum time compatible with reasonable error
variance.

It was estimated that maize silage supplies would alsc last
3ix weeks, thus allowing a six week comparison period. A larger
quantity of maize silage had been made. but the unexpectedly long
neriod of storage (nine months) resulted in greater than expected
wastage (see firpendix VI).

With 16 animals available and a minimum of three treatments
required it was decided to use 15 animals in three pzroups of five.
Coefficients of variztion for growth rate of cattle in New Zealand,
over longer perinds of time, and with larger numbers of animals have
been shown to be in the order of 12% (Carter, 19£9). However, in a
six week growth study, 24 animals ner treatment, and under stringent
managerial conditions, Bailey et al (1958) recorded a coefficient of
variation of 9 to 10%. Moreover, with covariance analysis of pig and
cattle gains, Ashton et al (1955b) and Kincaid et al (1945) both
recorded coefficients of variation of 107%.

It seemed that at best a coefficient of variation of adjusted
liveweight gain data of 10%Z might be achieved. With the five animals
pex treatment, it was calculated that the sensitivity of the design
would enable detection of significant differences in daily liveweight
gain of 0.15 kg/day at the 5% level, with a probability of 65%, and
differences of 0.20 kg/day at the 5% and 17 levels, with probabilities
of 93 and 72% respectively (see Appendix II). It was considered that
such precision was sufficient to justify the running of the experiment,

but extreme care would be needed in measuring the liveweight gain.
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1.5.2 Measurement of the Major Response Parameters

Consideration will only be given to the most important measures
of nutritive value and N utilisation; namely liveweight gain and N
balance. Where necessawy, brief reasons for certain techniqués used in the
measurement of other narameters examined (see 2.4) are mentioned
along with the description of the procedure in Chapter Two or
alternatively, with the discussion of results in Chapter Four.

1.5.2,1 Measurement of Liveweight Gain. 1In section 1l.4.1.1

the adaptation resoonse to NPN feeding was discussed. On the basis of
the evidence outlined it seemed likely that any resnonse to the nitrogen
supplementation would increase over time. Moreover, with a covariance
experimental desicn the change from the standardisation to the comparison
period rations could be exnected to elicit some form of adaptation
response. It was therefore considered necessary to weigh the cattle
every week and examine liveweight gain on a week to week basis. By
proper analysis this procedure would enable removal of a-large part

of the variation due to time trend,both linear and cyclical (Baker

and Guilbert, 1942), from the error variance.

_For such a procedure to be meaningful, however, weekly weights
as accurate as possible were required. The findine by Taylor (1954)
of 9-16 kg fluctuations in liveweight over the course of a day, with
steers having a continual supply of feed, indicates a need for
standardised weighing procedures. These variations in association
with large day to day fluctuations (Hughes and Harker, 1950), due
largely to changing gut fill, have led to such techniques as weighing
on more than one day, and overnight fasting nrior to weighing (Lush,
1928: Patterson, 1947; Taylor, 1954; Whiteman et al, 1954 and
Koch et al, 1958).

While Lush (1928) reported a 42% reduction in the error contained
in a one day weight of steers with two additional days' weights, Hughes
and Harker (1950) showed that the disturbance of weighing may in fact
reduce growth performance, a finding also reported by Green et al
(1952) . Moreover, Patterson (1947) found that while with grazing steers,
three-day mean weights reduced the error variance of the measured gain
by 7.32%, with stalled cattle the equivalent reduction was only 2.27%.
Furthermore, the advantage of three-day means over two-day means was

slight., With this evidence in mind it was decided to weigh on two
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consequtive days each week, the liveweight for any one week being the
mean of those two weilghings, and the liveweight gain for a week bheing
the difference between consecutive two-day means.

Overnight fasting has been shown to be effective in reducing the
error caused by gut fill fluctuations under some circumstances (Baker
and Guilbert, 1942- Taylor, 1954; Whiteman et al, 1954; Koch et al,
1958) . However, Hughes and Harker (1250) showed such fasts to have a
detrimental effect on ¢rowth performance; and found early morning
weighings to be equally successful in minimising variability. With
grazing cattle, early morning (three to five hours after sunrise) has
been shown to be the time of minimum gut fi1ll (Taylor, 1954) and it is
probable that a similar situation exists for stall-fed animals. Provided
water was continually available (Whiteman et al, 1954), and the animals
were welghed at as near as nossible the same time each relevant morning,
overnight fasting was considered unnecessary.

1.5.2.2 MNitrogen (N) Balance. Bv accented definition, N-balance

in growing animals is equal to N intake less urinary and faecal N output
(Allison, 1955; Riopon, 1959). The oft renorted gross discrepancies
between N retention and body growth (Wallace, 1959; Duncan, 1966) have
led to a questioning of the validity of the techniaue for examining N
utilisation. Justification of its use would require investigation of
its validity.

In 1964, Allison and Bird summarised the criticisms of the
classical N balance into two aspects: (a) The over-estimation of N
intake as a result of loss of unconsumed diet, and under-estimation of
N output from excreta loss, may combine to nroduce an over-estimate of
retention, and (b) over-estimation may also result from excretion via
unmeasured pathways (e.p. respiration, dermal losses).

While the loss of unconsumed dietary N can only be minimised by
meticulous feed measurement techniques, the under-estimation in
measurement of N output seems very much dependent on the procedure
followed. Both Martin (1966) and Fuller and Cadenhead (1969) have
reported negligible losses of N from faeces between voiding and
collection, and during cool storage. Urinary N losses, however, from
voiding to collection were variahle and seemed dependent on the pH
of the urine. Martin (1966) found such urinary N losses at near

neutral pH to be 10%, declining to 1% at or below pH 2.0; temperatures



below 20°C further minimising losses. This evidence shows the reason
for certain of the procedures followed in measuring N balance in the
present study (section 2.4.5) and sugpests that given certain
requirements reasonable accuracy of measurement of faecal and urinary
N outputs can be attained.

In seeking unaccounted pathways of N loss, Butterworth (1962),
working with chickens in a respirometer, failed to show any loss of N
through resniration. The author, like Sanslone and Squibb (1962) and
Henry (1965) working with chickens and rats respectively, concluded
that faecal and uninary N were the sole sources of N outnut,
measurement and analytical errors being resnonsible for discrepancies
with growth. Reinforcement of this theory was found in the failure
of Wegner et al (1940) to detect any loss of N from an incubating
mixture of rumen bacteria and urea, and the inability of Magnus (1902:
cited Harris and Mitchell, 1941a)to demonstrate any permeability of

the lungs to NH However, Robin et al (1959) showed that following

intravenous administration of ammonium acetate to dogs, measurable
levels of free NH3 apreared in the expired aii. Furthermore, Costa
(1960) , after recording consistent positive N retentions for dogs,
rats and mice at constant body welghts (the magnitudes of the
retentions placing them outside the range of nossible compositional
shifts within the body), pointed out that gaseous loss from the mouth
could be sufficient to account for the discrepancy without being
recorded by the usual methods of pas analysis. Despite this, Martin

(1966) measured only one mg N per 24 hours in the expired air of sheep
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s

a value not influenced by increasing levels of rumen ammonia. It would

seem that gaseous losses of W are most unlikely to invalidate
conclusions drawn about N utilisation based on the N balance technique
Dermal N losses, resulting from the desquamation of keratinised
cells, loss of hair and wool, and the secretions of the sebacious and
sweat glands, have been measured with sheep by Harris and Mitchell
(1941a) and Martin (1966). The recorded N losses were amazingly
consistent (3.1 to 3.6 mg/kg BW/day) and independent of diet fed. In
the work of Martin (1966) such losses were sufficient, however, to

alter N balance by up to 58%. Clearly in absolute studies dermal

losses could confound interpretation. However, their independence from

the ration feed, prevents them from invalidating comparative studies
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such as the present. No other sources of N loss have been reported.

Technically there seems no reason why the conventional N balance
procedure should not be valid in a comparative study of N utilisation.
However, caution 1s required in the interpretation of such data as N
balance 1s a variable changing with time as body protein stores increase
or decrease. Briefly, the amount of N excreted is high when the
metabolic pool is full. Under these conditions a relatively high
intake of N 18 required to maintain equilibrium. As the body protein
nocl is depleted, the excretion of endogenous N falls rapidly to a
low and slowly decreasing value. Only a relatively small amount of N
may then be needed to maintain such a depleted individual in equilibrium
(Allison and Bird, 1964). Moreover, as pointed out by Allison (1951),
animals tend to drift towards an N equilibrium if the balance 1s either
positive or negative. If an N deficient diet is fed, an animal will
deplete its protein pool until it comes into equilibrium with the low
rrotein diet. Faillure to recognise such adaptive changes may lead
to mis-interpretation of data.

Furthermore, Allison (1951) recorded rapid shifts in N balance
with alteration 1in caloric intake. A sub-maintenence energy intake,
especially in the ruminant, could result in a net outward movement
of N from the protein pool, the amino acids being required for
gluconeogenesis and energy metabolism. The associated increase in .
urinary N excretion would cause a rapid shift to a negative balance.

Despite these interpretive difficulties, provided animals are
in a similar physiological state, following a period of standardisation,

the risk of erroneous conclusions must be low.

1.6 SUMMARY

Maize silage, produced from hybrid grain maize grown in the
United States, has been shown to contain 45 to 50% grain on a DM basis
when harvested at the dent to glaze stages of maturity (30-35% DM).
Both DM yields and digestible DM consumption by cattle seem to be
maximised by harvesting at this stage of maturity.

The major characteristic of the chemical composition of maize
silage is its low level of crude protein when compared to New Zealand
mixed pasture. Despite its high dry matter digestibility (68%),
yielding a 70% TDN value, digestible crude protein contents of 5%
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and below appear inadequate for efficient utilisation of the energy
fraction. Whetter, however, maize silape protein levels are sufficient
to support reasonable growth rates in cattle seems less clear. The
experiment reported in the followinp chanters is desiened to cast
further light on this aspect through the use of NPN (Biuret)
supplementation, and measurement of N utilisation by the N balance
technique. There appears to be no convincing evidence why the NPN
should not be utilised effectively in a maize silage ration, assuming
that it is nrotein deficient for rapid growth of cattle. This is
considered a major but integral nart of the overall nutritive value
study, 1in which liveweight gain is used as the ultimate criterion of
that value.

As 1t was necessary to have only protein as being possibly
limiting to growth in the experiment, other reported deficiencies (e.g.
vitamins A and D and minerals) were investigated ir deciding the
composition of the experimental rations. The weight of evidence would
suggest an extremely low likelihood of any vitamin deficiencies
developing with maize silage feeding of growing cattle, unless an
improbable combination of circumstances nrevailed. However, in light
of the NPN feeding

D9

the available evidence indicated the need for a
mineral supplement, Ca, P and S belng considered marginally deficient
in maize silage.

Error control consideration, amplified by the limitation on
animal numbers (16 steers) 1imposed by shortage of facilities, led to
the choice of a randomised block, covariance desipgn for the nutritive
value study. Three treatments were required, maize silage alone, maize
silage plus biuret and a control of known value, leaving five steers
available for each treatment. It was calculated that liveweight gain
differences of 0.20 kg/day could be detected at the 5% level of
significance with a 93% certainty; a sensitivity considered sufficient

to justify the continuation of the experiment as designed.



CHAPTER TWO

METHODS AND MATERIALS

Only information strictlv reievant to the nutrition study
outlined in section 1.5 is oresented in this chanter. DNetails of
the production and storage of the maize crop, while bteing considered
important aspects of the overall studv of maize silage, are referred
to in rumbered anpendices found preceding the bibliography.

The chanter is divided into five sections, the first three
providing information on the desizn of the experiment, the feeds
studied, and the animals used, while the fourth section outlines
the exnerimental procedures followed in measuring the various
parameters. The final section summarises the major statistical

models used in analysineg the results.
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2.1 EXPERIMENTAL DESIGN

The nature of the work necessitated the use of a design
aporopriate for continuous experiments, in contrast to change-over
exneriments, and a randomised hlocl-covariance desisn was chosen
(sece section 1.5.1). Animals, blocked on the basis of liveweight,
were randomlv allocated to treatments on a within blocks basis.,

A discussion of thz suitability of the design used is presented in
section 4.1.

&s is penerally imnlicit in this type of dzsign, the experiment
was divided into three neriods of ehservation: a nreliminary period
(¥*?) to sllow for animal adaptation to the exnerimental environment,

a standardisation period (S¥) for obtaining information on concomitant
variables, and & comnari-c: neriod (CP) in whick to compnare the
treatments. The latter two periods were run under stringent experimental
conditions.

t three week nreliminary neriod commenced on 1/12/70, followed
by standardisation and comnarison neriods, each of six weeks,
commencing on 21/12/772 and 1/2/71 respectively. The exneriment was
concluded on 12/3/71.

Further details of the timing of cnerations are presented in

Anpendix T.

2.2 EXPERIMENTAL TEEDRS

To enable inductive inferences to be made regarding the nutritive
value of maize silage for crowing animals, it was considered necessary
to have as one of the experimental feeds, a control ration of known
value (see section 1.5). Hay and barley was selected for this purvose,

and the feeds used throughout the exseriment are outlined in Table 2.1.

TABLE 2.1: Feeds used during the three major periods of the eéxperiment

Period Preliminary Standardisation Comparison
Period (PP) Period (SP) Period (CP)
Feed Hay and Barley Hay and Barley Hay and Barley (HB)
(all animals) (all animals) Maize Silage (MS)

Maize Silage
plus Biuret (MSB)
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2.2.1 Hay and Barley (HB)

Byegrass-clover, meadow hav of good quality was used in the
experiment. It was fed in conjunction with barley meal, the amount
of meal fed each individual being altered weekly on the basis of
metabolic bodv weight (i.e.: LW 0'75). In this way, one influence of
variation in animal size on growth rate was reduced.

The level of meal feeding was calculated cu the basis of NRC
feeding standards (MRC, 1970), to promote, alony with ha; to appetite,
an average liveweiczht pain of 0.75 ke/dav. Of a wide range of
rossible growth rates with the hay and barlevy combination, this target
was chosen as it was considered to be readily obtainable with animals
of this age. Moreover, it would provide a realistic standard against
which to commare the silapge rations.

The calculations on which the level of meal feeding was based

are shown in Arpendix III. It was estimated that barley meal would

consititute 42% of the total DM intake.

2.2.2 Maize Silage (MS)

Details of the nroduction of the maize crop, and yield data,
are nresented in Arnpendices IV and V.

The silage was made from the entire hybrid maize nlant harvested
at the dent stage of maturity (3313% DM), with a single row New
Holland 717 Maize Chonrer.

The finely choprad material was vacuum nackad in two elongated
stacks, annroximately 2.4 m x 12 m x 1 m, desicned so that the ecstimated
usage rate from the onen face would be sufficient to keen ahead of
air entry, thus avoiding wasteful secondary fermentation. The silage
was stored for nine to ten months befeore being used, and the nature
of the material in the stacks when opened can be seen in plate 2.1.

The maize silage produced would have been considered less than
excellent in quality on visual appraisal. However, the light colour
of the bulk of the material indicated extensive heat damage to be
unlikely, and the pleasant smell precluded extensive clostridium
microbial activity. Further details on the ensilage process are
presented in Anpendix VI.

At all times during the feeding of the maize silage, a mineral
supplement (rock salt/bone flour, 50/50) was offered to the animals.



PLATE 2.1

The maize silage at time of feeding., in :the opened face of

the stack. The photograph indicates both the fineness of
chop and the dry friable nature of the silage. Material
outside the white line is wastage, comment on the pattern

of this loss being made in Appendix VI.

45'
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This was considered a necessary precaution as it was shown in section
1.4.4 that maize silape may be deficient in Ca, P and S, and a procedural
objective in the experiment was to eliminate, as far as nossible,

limiting factors other than nitrogen.

2.2.3 17 ~s £93npe plus Biuret (MSB)

The maize silage in this ration was identical with that described
above (2.2.2), the same mineral sunplement also being offered. 1In
addition, however, this ration contained granular biuret at a level
sufficient to rsise the crudzs protein content of the maize silage
4,7 percentage units to an estimated 13-147% or a dry matter basis.

Biuret beins tasteless (see section 1.4.1.3) posed a feeding
problem. Mixinz it with the silage would have left doubt as to the
amount eaten. However, feeding it with the mineral sunpnlement in a
separate bin, meant that an exact amount could bte fed daily to each
individuals; the amount being altered weekly on the basis of the
nrevious week's level of intake. ('Ssee Appendix VII).

The biurzt was supplied bv Ivon Yatkins--Now Limited.

2.3 EXPERIMENTAL ANIMALS

The prooer sa2lection of cxmnerimental suhjects is an imnortant
asnect of exmerimentation. It is necessarv that the animals be
representative of the nonulation to which inductive inferences are tc
be made, and in this casz, it was also important that they have a good
growth potential, liveweight gain being the major response narameter
measured (see section 1.5.2).

The widespread and increasing use of Friesians for beef production,
with their potentially high prowth rates, made them a logical choice.
Sixteen Friesian steers, off the one farm, nine months of age and 170 kg
mean liveweight, were used in the experiment. This number allowed for
three treatment groups of five plus one emergency (see section 1.5.1).

The steers were nermanently housed in a 1l6-stall harn for the
purpose of individual feeding. They were stalled by means of wide, heavy
gauge collars, with chains to loops set in the concrete floor. Water
was continually available to each animal.

During the preliminary period, the steers were accustomed to
both the barn and the hay and barley diet of the standardisation period
by being housed for increasing periods of time, with decreasing time
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on nasture. The barley meal was offered first at the rate of 0.45 kg/day,
with similar daily increments until the predetermined level was reached
for each animal. 1In this way foot and leg troubles, and digestive upsets;
were largely avoided.

During this time, the animals were sprayed twice for lice with
Diazinon (Neocidal, Ivon Watkins-Dow Limited), drenched for worms with
Levamisole (Nilverm, I.C.T. M.Z. Limited), and treated for ringworm with
Tamed Todine (Cika Company). They were alsc allocated .to permanent
positions. in the barn at random.

Followinss the second week of the standardisation period the steers
were blocked into five gsroups of three on the basis of liveweight (see
Appendix VIITI), and animals within blocks were allocated at random, one
to each of the three comparison period treatments. This was necessary
so that three animals from each treatment grour could be used in the

standardisation period, total urine and faecal collections.

2.4 EXPERIMENTAL PROCEDURES

A number of narameters were measured where it was considered they
would both assist in the interpretation of the liveweight gain response
data and contribute further information on the characteristics of the
nutritive value of the rations studied. These included, physical
composition, chemical composition, and digestibility of rations, with

voluntary intake and N balance of the steers fed the rations.

2.4,1 Physical Analysis of Rations

The component feeds of the three CP rations, '7ith the exception
of the biuret in the MSB ration (see 2.2.3), were fed in separate bins
to enable accurate measurement of the quantities of each actually
consumed by the steers. The physical composition of each of the
rations fed had to be estimated in this way, as diets with such
physically diverse components could not have been fed ad 1lib. to an
exactly predetermined composition without grinding and mixing.

Further details of the feeding procedure are provided in
section 2.4.4.

A nhysical analysis was also carried out on the maize itself.
Four days prior to harvesting the silage, the crop was sampled (see
Anpendix V) and the sample plants were each separated into leaf, leaf

sheath, stem, grain and remainder. The comnonents were oven dried



48,

(90°C), weighed, and their pronortion of the total DM yield calculated.
During the digestibility trial (see section 2.4.3) the maize

silage was sampled daily, and the bulked composite sample was later

sub-samnled eight times for hand separation of the prain from the rest

of the material. Both fractions were oven dried (90°C) and the percentage

grain content of the silage dry matter determined. It was compared with

the grain content of the cron prior to ensiling.

2.4.2 Chemical Analysis of Feeds

A1l feeds were samnled daily during the digestibility trials, a
fixed percentage of cach being taken so as to ensure representative
sampling of the total feed used.

These samnles were bulked, stored at -10°C and later sub-sampled,
the sub-samples being freeze dried, ground through a one mm sieve (Wiley
M111) and stored in air tight jars for chemical analysis. The hone
flour, rock salc and biuret, all beiny hoth homopeneous and dry, were
carefully samnled only once, ground and stored for analysis.

A Proximate Analysis (ANAC, 19€5) was carried out on the ground
sub-samples of each feed and the comnositioms of the three rations as
fed were calcuiated.

In additicn to this analysis, extraction of the feed samnles
with the neutral-detergent solution of Van Soest (1967) enabled
senaration of the cellular material from the cell-wall constituents.
Crude protein (. AOAC ', 1965) and ash (ADAC, 1985) determinations
on the residual c211-wall constituents enabled the estimation of
soluble carbohydrate content (including starch) bty difference (i.e.
Cellular Contents + Cell Wall Bound Protein and Ash - Ether Extract -
Crude Protein - Ash = Soluble Carbohydrate).

This procedure resulted in a comprehensive analysis of the
cellular or 'soluble' fraction of the feeds, and acid-detergent fibre
determinations (Van Soest, 1963), in conjunction with the crude fibre
determinations of the Proximate Analysis (AOAC, 1965), facilitated a
breakdown of the cell-wall constituents (or insoluble fraction) into
hemi~cellulose, and cellulose and lignin (Fonnesbeck, 1968).

The crude protein fraction of the feeds was also further broken
down into true protein and NPN by means of an alcohol extraction
(Bailey, pers. comm.), and Kjeldahl total nitrogen (AOAC, 1965) on

the residue.
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Because of their particular relevance to maize silage and non-
protein nitrogen feeding (see section 1.4.4), sulphur (gravimetric
determination, Scott, 1925), calcium (atomic absorntion spectroscopy)
and phosphorus (colorimetrically, Fiske and Gubbarow, 1925)

determinations were also made on the feeds.

2.4.3 Digestibility of Rations

Following the third week of the standardisation period, three
animals were selected at random from each of the three treatments and
fitted with faecal collection harnesses (cee Plate 2.2). Dry matter
digestibilities were determined by total collection of faeces over a
period of 14 days. The same nine animals were used during the comparison
neriod, and four days were allowed in both cases for the animals to
become adanted to the harnesses before the l4-day digestibility trials
were started. Feed intake was measured as described in section 2.4.4.

Faeces were collected once daily at 8.30 a.m., welghed to an
accuracy of ¥ 0.0025 kg, mixed caresfully, and a 10% aliquot taken for
individual bulked samples stored at -10°C. These composite samples
were later again mixed thoroughly and sub-sampled for duplicate dry
matter determinations in a forced draft oven at 90°C.

Further sub--samnles were freeze dried, ground through a one mm
sieve (Wiley M11l) and stored in glass jars for chemical analysis. Crude
nrotein (Kjeldahl, ADAC, 1965), acid-detergent fibre (Van Soest, 1963),
organic matter (AOAC, 1965). and gross energy (Adiabatic Bomb
Calorimeter) determinations were made on the faecal samnles to
enable calculation of apparent digestibilities for each of these

components.

2.4.4 Voluntary Intake

To avoid extensive deterioration in the feed bins over twenty-
four hours, the maize silage was fed twice daily in equal portionms.
Similarly, to help avoid digestive upsets, the barley meal was also
fed twice daily. However, the hay was fed only once a day, at the
morning feeding, its deterioration being considered insignificant.
Likewise, on the basis of the slow rumen degradation of biuret (see
section 1.4.1.3), it was also fed only once a day, at the afternoon
feeding.

All animals were individually fed at 8.30 a.m. and 3.30 p.m.,
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PLATE 2.2  Steers harnessed for total collection of urine and faeces.
The wrine collectors were designed during the study, and

details of their construction can be found in Section 2.4.5.
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the feeds being weighed on spring balances, accurate to * 0.015 kg.
Both the maize silage and the hay were offered ad 1lib. (107 excess),
necessitating the collection and weighing of individual feed refusals
at the morning feeding. These were weighed on the same balances and
to the same accuracy =2s the feeds.

For determination of DM intakes, daily samrles (70-200 g
depending on material) were taken from both feeds and individual
refusals, and dried for 24 hours in a forced drought oven at 90°C,

DOM, DE, ME, crude protein and digestible crude nrctein intakes
were also calculated from the results of the chemical analysis (2.4.2)

and digestibility data (2.4.3).

2.4.5 Nitrogen (N) Balance

Two N balance determinations were made, one in the standardisation
period and the other in the commarison period. The former was carried
out not only to provide information necessary for an analysis of
covariance, but also to perfect the procedure for the comparison period.

As N balance work had not nreviously been done with steers at
this University, a technique for total collection of urine had to be
developed. Observation indicated that the steers never urinated while
lying down. This meant that urine collection funnels could be designed
that crumpled when the animals lay on them, and provided they returned
to the correct shape when the animals stood up, no urine should be lost.
After trial of a number of designs and materials, it was found that
butyl rubber funnels; 30 cm in diameter and 20 ~m deen, held in shape
at the top by vacuum strip seal, and fastened to rubher gas tubing at
the bottom, collected the urine very satisfactorily.

The funnels were mounted under the steers with nylon cord fastened
to wide elastic bands over the animals' backs to allow for movement.

In this way they were held lightly but firmly against the underside of
the:isteers' bellies, regardless of the positions or stances adopted by
the animals. It was found necessary, however, to shave their bellies
prior to the commencement of the collection periods, so as to avoid
both contamination of the urine and blocking of the urine collectors
with loose hair.

The design, construction and fitting of these funnels is shown
in plates 2.3, 2.4 and 2.5.
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PIATE 2.3 Urine collection fummel mounted in place during a collection period.

PLATE 2.4 Butyl rubber, urine collection fumnel partially dismantled.
Note the vacuum strip seal alkathene frame and the totally
collapsible rubber funnel.
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Butyl Rubber Clamn Short Steel Insert
(cut to funnel nattern) (to support the clamn)

Alkathene Vacuum Strip Seal Rubber Gas Tubing
with Centre Piecce

PLATE 2.5 Urine collection fumnel completely dismantled
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The N balance studies were carried out concurrently with the
digestibility trials, the steers being harnessed for both urine and
faeces collections four days nrior to the commencement of the l4-day
collection periods.

The faeces were collected, weighed, sampled for frozen storage
of individual composites, and sub-sampled for DM determinations as already
outlined in 2.4.3. The crude nrotein content data obtained in section
2.4.3 was also used to calculate faecal N outnut.

Urine was collected in 19 litre huckets placed behind the steers,
in a collection pit. The collection buckets contained concentrated
(50% v/V) hydrochloric acid, sufficient to lower the pH of the urine
to two (see section 1.5.2.2), thus avoiding serious loss of nitrogen.

The urine was collected concurrently with the faeces every
morning at 8.30 a.m. Acidity was checked prior to weighing, and if
required, more acid was added. Weilghts were racorded to an accuracy
of + 0.0025 kg and 10% aliquots were taken, after thorough mixing,
for individual bhulked composite samnles stored in lidded buckets at
5@

The individual animal composite urire samples were later mixed
thoroughly and sub~-samnled for determination of both specific gravity
(by weight) and total !' content (Kjeldahl Method, AOAC, 1965).

From the feed intake (section 2.4.4) and chemical analysis data
(section 2.4.2), total ¥ intakes during the collection period were
calculated, and bv subtracting from these the total faecal and urinary
N produced duriny; the same period, the N balance status of the animals

under the different treatments =:7as determined.

2.4.6 Liveweight Gain

The steers were weighed at 8.00 a.m. on two consecutive days
each week, usually Mondays and Tuesdays. The animals were not starved
prior to weighing, the recording of liveweights at exactly the same
point in the feeding cycle each day being considered to combat gut fill
variation between animals equally effectively (see section 1.5.2.1).
An Avery welgh-bridge aeccurate to *0.25 kg was used for measuring
the liveweights of the steers and was checked periodically for accuracy.
The liveweight of any steer in any one week was taken as the

mean of the two weighings for that week, and overall liveweight gain
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was calculated by averaging changes in liveweight over two three-week
neriods.
No liveweight measurements were mad:2 whilst the steers were

harnessed for urinary and faecal collactions.

2.5 OTATISTICAL TROCEDURER

Analysis of wariance and covariance models in conjunction with
Duncan's Multinle Rance Test for testing the sizniciance of differences
between means formed the basis of the statistical analysis of the data.
Tt was intended, where possitle, to use covariance models not only to
test with agreater precision for differences bitween group means, but
also to examine relationshins between variates. However, a general
lack of relatienshir between thz standardisation and commarison period
data (se2 section 4.1) made the extensive u=e of covariance analysis
(ancova) unnececssary.

h

0]

a nreliminarv to the data analyses using the models described
in this secticn, homoscedasticity was verified by the F-max. test
rather thaa the more conventioneal Rartlett's Test. The former was
considared to he less sensitive to the less important denartures from

normality than the latter (Sokal and Rohlf, 1969).

2.5.1 Physical Analysis of Raticns, and 2.5.2 Chemical Analysis of Feeds

These data requirad nc statistical analysis.

2.5.3 DNigestibility of Maticns

Cignificantly different (™ < 0.01) rerression coefficicnts with-
in treatments (sce Anrendix TX) meant that analvsis of the DM digestibility
data bv standard ancova, using the SP data as the concomitant variable,
was not nossible. The treatments were consideraed to bhe fixed effects
(Searle and Fawcett, 1970; Searlzs, 1971) and a type I analysis of
variance (anova) (Eisenhart, 1947) was used to analyse the data
according to Model (1).

:u+t + e

14 i7%3 e (1)

where g = a general mean

ti = the effect of the ith treatment, i =1 ... 3
and eij = the residual error, which 1s assumed to have zero mean,

constant variance and no correlation with other errors.
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Because a fixed effects model was assumed, the computation of
F statistics was based on the expectations of mean squares shown in
generalised form for the more comnlex three-way model, number (2)

(see table 2.2). Tc ninimise the risk of erroneous conclusions from
anova analysis, the SP data were tested for homoeseneity among
treatment groun means also using Model (1).

Model (1% -vas acain usad in analysine bHeth the fibre and crude
nrotein digestibility data, although only onc examnle of the analyses,
that of M dizestibility, is nresented in Arnendiz IX.

In the analysis of the DOM value data, wrecisely the same set
of circumstances nrevailed as for the DM dicestibility data, precluding
the use of standard ancova analysis. Conseaquently. Model (1) was
used in the analvscs of the DOM, 1E, ME and digestible crude nrotein

content data.

2.5.4 Voluntary Intake

Nesnite a significant (P 2" 0.05) recrassicn relationship between
comnarison pericd DM intakes and those of the standardisation period,
covariance analysis was ineffective in reducine the residual variance

or error mean squaras. As an analysis of variance showed no significant

V]

differences between the SP treatment means, a three-way, tyre T anova
was emnloyed in analvsing the comparison period DM intake data according

tc Model (2) (zz2e Aprpendix X).

Yot =M+ t, +p, +b . 3 : B, =
Yige =B+t n th, + (tr)ij + (&h) 0 + (Db)jk + €4 11 (2)
where 4 = a general mean
ti = the effect of the ith treatment, i =1 ... 3
?j = the effect of the ith period, j =1 ... 6
bk = the effect of tha kth block, k = 1 ... 5
(tp)i. = the effect of the first order interaction between
] treatment and nrerind
(tb)ik = the effect of the first order intearction between

treatment and bhlock

(pb) = the effect of the first order interaction between
jk
neriod and block
ei1k = the residual ervnr about which the same assumptions

. are made as shown for Model (1) It should be noted
that the effect of the second order interaction (tpb)
cannot be separated out in this particular model,
because there is no replication in sub-groun 1ijk.

1k

In order to calculate valid F values for these affects it was
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necessarv to consider their exmnected mean squares in an analysis of
varience (Sokal and Rohlf, 1965). A generalised terminology is used
in order to avoil repetition of the follewing table (Table 2.2) where

other similar type I, fixed effects models are used.

TABLE 2.2: Tyne 1 anova for Model (:2) with expected mean squares

Source of ¥ariation daf Expected Mean Squares

Main Effects

e (a-1) -
! b
. , l 2 ac ¢ 2

i
|
1 2 ab o 2
D - | s .
sl | % * -1 £ Px
First Order Interactieon i ;
t 9 ab !
i a- b=-1 T pee———
T x (a-1) (x-1) loe (1_1)(1) 1)2.\1:13)
2 S
Tx 3B (a-1) (c~1) Oe + —mc—i.) % \tb)ik
! l
' 2 )k
PRSI (5~1) (e=1) % * T 5P
Error {includi econd 1 . 2
TxY ng second ~1) (he 1l - 2
order interaction (a-1)(~-1) (e 1% * (a—l)(b-l)(c«15’;§% (tpb) I

i 1 188

* The notation a, h and c refers to the number of each of the main
effects in the analysis.
As can be seen from the expected mean squares in Table 2.2, to
enable strictly valid comnutation of F values (i.e. signficance testina)

it is necessary to assume that the added mean square due to the second-
abc

order interaction ((ELl)(b—l)(c— (tpb) ) is equal to zero. 1If

1)13k

however, a second order interaction does exist, as is likely with this
DM intake data, the bias is not too serious pnrovided the interaction
is not large. The T value is merely deflated and the probability of a

type I error, in fact, becomes less than that stated.
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On comnleting the DM intake analysis using Model (2), a highly
significant T x P interaction effect was found. To obtain more
information on this imnortant interaction, a two-way, fixed effects

serial ancova (Aonendix ¥I) was carried out according to Model (3).

3 = L+ + By Koy @ _—
]ijk . ti + tj (tp)ij “j,j—lxijk 14k (3)
where
K = a2 general mean
tj = the effect of the ith treatment, i =1 ... 3
?j = the effect of the jth reriod, i =1 ... 6
(tp)i_j = the effect of the treatment by reriod interaction
B '-ii = the coefficlent of the repgressinn of neriod 1 on neriod j-1
1] DM intakes
xijk = (kijk - X) where Xijk is DM intake in period j-1
€ra. T the resicual error about which the same assumntions are
35 made as shown for Model (1)

The confounding influence of adantatinn resnonses by the steers
to the CP maize silame rations led to the ommission of certain periods
from the analysis of the intake data. The same tyne I anova, according
t Model (2), with period cffect modified, was emnloyed. Only one
examnle of this medifizi analysis, that of DM intzke exnressed as a
percentage of liveweight, 1s presented in Annendix XIT. However, all
other intake measures not included in Anpendix XTI, crude nrotein,
dizestible crude protein, true protein, non-protein nitrogen, DOM; DE
and ME were also analysed using Model (2), modified for period effect

by remcval of wmeriod one.

2.5.5 Nitrogen (N) Balance

A non~-significant (P > 0.05) regression relationship between CP
and SP N balance data prevented the use of ancova anglysis. Consequently
a fixed effects, two-way anova was used according to Model (%) the S»
data also belng tested as a safepuard against drawing erroneous conclusions

(see Appendix XIII).

yij = 4+ ty + bj + eij —— (&)
where ji = a general mean
ti = the cffect of the ith treatment, i = 1 ... 3
bj = the effect of the jth btlock, j =1 ... 3

eij ~ the residual error, about which the same assumptions are
made as shown for Model(i).. It should be noted that
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the interaction effect (tb)ii cannct he separated out

in this model because there is no replication in sub-
group ij.

Tosts of gignificance were based on the expectation of mean squares
as shown 1in gencralised form in Table 2.2, with the samc assumntion
about the confounding ~f the interactinn effect with the rcsidual error.

Model (4 was alse used in the analysis of hoth the M intake

and urinary M exco --ion data, while the feecnl N excretion date was
tested using Mcdel (1). Only the one example of these analyses, that

of N retention, 1s presented in Anpendix XITII.

2.5.6 Liveweight Gain

A

Once again a lack of relationshiyp “etween CP? and SP date prevented
the use of ancova analysis. Instead,; 2 threc-wav, fixel effects anova
model similar to Model (2), 2s shown In 2.5.4, was used (see Appendix
XIV ). The only modificution was in the neriod effect, where (j = 1, 2)
replaced (§ =1 ,.. €). Tha same assum~tionsg about the mapnitude of

the second crder intcraction were made and the same nrocedure followed

in the computation cof F values.

M highly significant T x T interaction (sce Apnendix ¥IV) resulted
from this analysis of the livowaisht gain data. While information was
not available fcor the further analysis of neriod twe sains (see section
2.4,6), intermediate liveweights for period cae cnabled investigation
of the cause of the T x T interaction in that neriod. This was dcne
by serial covariance analysis of weekly mean liveweights. A one-way,

fixed effects ancova based on Model (5) was used {(see Appendix XV).

yij =N + ti 9p axij + @

where i = a general mean

S (5)

t.= the effect of the ith treatment i =1 ... 3

2+ B = the coefficient of the regression of liveweight on the
preceding week's liveweight

x,, = (X

Th X), where X

in period one

is liveweight for any week less one,

ij

e,. = the residual error about which the same assumntions are
made as shown for Model (1).

The serial ancova strongly indicated DM intake to be having a
confounding influence on measured liveweight gain, and correction for

intake was considered desirable. To this end, liveweight gain within



each three-week period was repressed on DM intake per 100 kg LW for
that period and the adjusted means analysed by one-way, fixed affects

ancova according to Mcdel (6) (see Appendix XVI).

= . peE. s e N
Vi M+ £, o Bxij + e (6)
where i = a general mean
t, = the effect of the ith treatment;, 1 =1 ... 3
8 = the coefficient of the regression of liveweicht gain
within each poeriod, on M intake per 100 kg liveweight
for that perioed
xij = (Xii - X}, where Xij is ™M intake per 100 kg liveweizht,

within a perind

e,, = the residual error, about which the same assumptions
are made as shown for Model (1).
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CHAPTER THREE

Diata nresentation in this chapter is brief, its extent being
1%

i
deternnined onlv Ly crmpatabiliry with the nurpose of accurate

3

reoresentation of results, Paneatad s made, throughout,

o

reference
to the annendices wherze supporting informaticn and partinent data
analyses can be foand., 1nless othervrise stated, dats variability

is expressed in the fcrm of standard error of the mean. Te facilitate
ease of cross reference, “he chanter is desisned to fcllowr the

layout of section 2.4 of etheds and liateriels. Experimental

Procadures.
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3.1 PHVSICAL ANALYSIS OF RATIONS

The component feed contents of the dry matter of the three

Comnarison Period (CP) rations are nresented in Takle 3.1.

TABLF 3.1: Component feed contents of the dry matter of the CP ratione

i
! Traatment Cercentage Compnosition !
(DM basis) }
1
Hay 56 z 4 !
= Barlev Meal 44 T4
Majze Silare 99.0 I 0.05
MG
Mineral Supplement 1.0 % 0.05
Maize Silace 97.5 T 0.1
1SB Mineral Sunmlcment 0.9 *9.03
Biuret 1.6 to0.06

Table 3.2 contains the results from the further nhysical analysis

of the maize silage.

TABLE 3.2: Physical comnosition of the maize silace

Source of ‘iaterial: Comnonient Percentape Composition
(™M basis)
At Harvest Grain 45.0 £ 1.0
1 Hask 1y By ) m=RIe
Lenf ¢ 11.5 ¥ 0.5 §
Leaf Sheath | 5.5+ 1.0 j Leaf=17.0
Stem gfle ¥ 1%
t After Ensiling Grain 32.0 £ 5.0

3.2 CHEMICAL ANALYSIS OF FEEDS

The proximate analysis (AOAC, 1965) of the CP rations is shown
in Table 3.3.
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TABLE 3.3: Proximate analysis of C? rations (DM basis)

Chemical Ration Ration Ration
HB MS MSB
Fractions | Comnonents Comnonents Components
A 4 y4 7 7 %
Dry Matter|Hay 34%5 | 85 |Maize 32 |*aize . 33
Si 31t S t
Rarley 89+1 Silage 31T Silape 3112
Mineral Mineral
Sunnlement 97.4) Supplement 97.6
Riuret 91.2
Crude Hay 29.0 [12.6(|Maize 16.5Maize 19.5
o Q o)
Fibre Barles 5u8 Silage 12.5 ilage 19.5
Crude Hay i7.0 |11.1|Maize 6.7 |Maize 13.6
v ilage 9, a .
Protein Bazley 0245 Silag 7 Silag 97!
“Mineral Mineral
Supnlement 13.3 Supplement 10.3
1
Biuret 250.0
Ash ay 7.9 | 5.7|Maize 7.4 taize 6.6 7.2
acres q ro
Barlay 2.9 Silage 6.9 Silage
Mineral Mineral 33.0
Supplement &3.0 Sunplement
Biuret 0.1
Ether Hay 4.5 | 3.0(Maize 2.9 |Maize 3.8
JOp! @ S o S B
ctract Barley 1.0 ilace 3 ilage 3
Nitrogen Hay 48.6 [61.6|Maize 59.5[Malze 55149
Tree Silage 60. 3ilage 60.3
Extract ’Barley 78.3 | T

This analysis was performed largely to enable comparisons to be
made with silages used by cther workers., It i3 considered by the writer
to be not entirely satisfactory (see 4.2.2), and further analyses of
the carbohydrate fraction were carried out (see 2.4.2). Results are

presented in table 3.4.



T/BLZ 3.4: Analysis of the carbohydrate fractions of the CF rations
by the acild detergent iibre and neutral deterpgent fibre

techniques (Van Soest, 1953, 1967) (% of total DM)

Chemical Ration ! Ration Ration

) . HB MS MSH
Fractions Components Comncnents Components

A % Z % % %
B > e W5 &l i)

Acid Detergent | Hay 36.2 | 23.5 | Maize 26.0|Maize 25.6
Fibre (Lignin Silaze 26.3 Silage 26.3
+ Cellulose) ,Barley 7.4

Neutral Deter-~ | Har 61.1 |43.2 |Maize 36.7 |Maize 36.2
gent Fibre - Silage 37,1 Silage 37.1
(Cell Wall BiEL oy 12002
Consituents -~
ligndn,cellu~
lose, heni~
cellulose &
bound pretein
and ash)

Feadily Ay 19.5 | 40.2 ;Maize 43,8 [Maize 43.1

fermentable a . 5 Silage 44.2 Silapge 44.2
. harley 67.% : o
carbobydrate n

(incl.starch) i

The further analysie of the crude protein fraction of the rations
is prazsented in table 3.5, while the calcium, rhosthorus and sulphur

coatents are shown in table 3.6.

TABLE 3.5: Comnosition of the crude »Hrotein frection of the CP rations

(% of total M)

ceRe—— -

Chemical Ration Ration ! Ration
' HB M2 MS3
Fractions Conponents Components Components
% 7 % A 7% %
True Hay 7.7 | 9.2 |Maize 3.1|Maize 3.0
S 5 .
Protein Barley 11.0 Silage 3.1 Silage 3.1
Biuret 0.0
NPN - Hay 2.3 | 1.9 |[Maize 6.5|Maize 10.4
Protein Silage 6.6 Silage 6.5
(N x 6.25) Barley 1.5
] Biuret 250.0




TABLE 3.6:

Dalcium; phausvhorus

and sulphur contents
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of the CP rations

Mineral Ration Ration Ration
HB MS MSB
Components Comnonents Components
7 7 4 A % %
Ca Hay 1.230 | 0.71 | “telze 0.53| Maize
Silaps 9.460 g 3
Barley 0.056 filapes 9.46 Silage 0.460|0.56
Mineral Mineral
Suppl.12,.341 Sunpl.12,341
B Hay 0.280 | 0.31 | Maize 0.32| Maize 0,31
: n {
Barley 0.340 Silage 0.270 Silage 0.270
Mineral Mineral
Sunri. 4.928 Suppl. 4.928
S Hay .22 ;0.18 | Maize 0.13 | Maize 0.12
o Ciia~
Dadley (GLT% Silage 0.13 Silape 0.13
Mineral Mineral
Sunnl., 0.47 Supnl. 0.47
! 1
/s Hay 7/1 10/1 | Maize 12/1| Maize 17/1
Barley 14/1 Silage 12/1 | | 2ilage 12/1
3.2 DIGESTIBILITY OF RATIONS
The Di, fitres (Van Soest, 19€3) and crude protein (AOAT, 1965)

anrarent digestibilities of the thre= CP rations are presentad in Table 3.7.

A3LE 3.7:

frparent digestibilities of the DM, fibhre and crude protein

fractions of the CP rations

oM Fdisme Crude Protein
Betien 5, sEtbaliey @) |'Colinloseis Ligmim) Bing o it @5
Digestibilitv (%)
HR 67 g 48 62 §
MS g2 T 501+ 1.5 57 1% 1
*SB 62 § 47 64 ;

The statistical significance of the Zdifferences between treatment

means for each of the above narameters is. shovm in Table 3.8.

An

example of their analysis by anova, using model (%), is presented in

Appendix IX.




TABLE 3.8:

Statistical significance of the differences betwaen

treatment means for DM, fibre and crude protein

digestibilities

66.

DM Digestibility

Fibre BDigestibility

Crude Protein

Digestibility

H3 ~» MS*=*

MSB
0.05)

HB**

Me =
(P>

MSB «

Mo Significant

Differences

HE > j1S**
MS << MSB**

MSE = HB
(p >0.05)

*% 17 level

of significance.

The digestible organic matter (DOM) and digeagtible energy (DE)

contents of the CI' rations,; as measurad, are contz2ined in Table 3.9.

along with estimated metabolisable enerpgy (ME} contents {Blaxter

Bryant, 1971).

contents.

TABRLE 3.9:

In Table 3.10 are presented the digestible crude

DG, DE and ME contents of the CT rations, including

apparent <“igestibility of ZE

et al, 1966

rrotein

! DOM DE ME 1
Ration — e .
(4 of M) (% of GE) (Kecal/ke DM) (Kcal/ks: DM) 4
uB 56 i 67 3 2980 ? 2430 i
MS 59 ) + 1 61 3 245 2670 ) + 40 2210 ¥ + 30 |
M
MSB 59 3 61 2640 2170
|

There werse

no significant differences between the MS and MSB

rations in terms of POM content, percentage digestibility of GE, and
DE and ME contents. In each case however, the HB ration was significantly
higher (F-<< 0.01).
TABLE 3.10: Digestible crude protein contents of CP rations
Treatment NDig. Crude Protein Conteant (% of DM)
HB 6.9
MS 5.5 { & om
MSB 8.7
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All digestible crude nrotein content treatment means were highly

significantly diZferent from each other (P« 0.01).

3.4 VOLUNTARY INTAKE

Treatment mean dejly dry matter intakes averaged over =zach week
of the experiment are shown graphically in Figure 3.1. Overall mean
daily dry matter intakes for the three groups of steers during the

comparisnn period are presented in Table 3.11.

TABLE 3.11: M™Mean daily dry matter intakes of treatments during

the comparison period (kg/day)

Treatment | All Six Periocd Ome PeriodsOne & [Periods One, Two
Teriods Omitted i Two Omitted & Three Omitted
HB 1 6.04 6.08 5.91 5.74
MS 5.58 + 0.02(5.91 + 0.08! 5.95 1+ 0.06| 6.05 + 0.06
MSB 5.17 5.56 5.75 5.98

A series of figures relating to differing time periods are
presented, since at the start of the comparison period the two maize
9ilage groups were suddenly introduced to their experimental rations,
and a period of adaption to the new diet could be exnected.

Consideration is given to the statistical significance of the
differences between treatments in Table 3.12. An example of the

analysis of these data, using Model (2) is presented in Anpendix X.

TABLE 3.12: Statistical significance of differencas between the

treatment mean daily dry matter intakes shown in Table 3.11

All six periods | Teriod Ome Periods One & Pericds One, Two
Omitted Two Omitted & Three Omitted
HB =~ MSB** HB > MSB** MS _~MSB* MS > HB**
HB > MS** HB = MS MS = HB MS = MSB
(P > 0.05) (r>0.05) (P >0.05)
MS 2> MSB** MS > MSB** HB = MSB MSB > HB*
(p >0.05)

* 57 level of significance
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The time trend in the animals' response (see Appendix X) showed
DM intakes during period one to be significantly lower (P <" 0.01) than
during the five subsequent periods, which did not differ significantly
among themselves. Moreover; a serial covariance analysis using Model
(3)-~ (see 2.5.4), showed the significant treatment by period interaction
of Model (2), apparent in periods one, two and three (Table X.v,

Appendix X), to be at laast partielly generated by the large drop in
intakes of the two silage proups in reriod one (see Figure 3.1 and
Aprendix XTI).

With these analyses incdicating adaptation resnonses to the maize
silage rations, most evident in the first period, tc be sc powerfully
influencing results, it was consildered that most meaningful estimates
of DM intake for comparative purposes would be those excluding period ome.
Such figures are rerroduced in Tabie 3.13, along with equivalent data

expressing intake as a percentape of livewelzht.

TABLE 3.13: Mean daily DM intakes of C? rations with period one omitted

Component
Treatment Ration DM Intake Feeds DM DM Intake

ks /day Intake (% Liveweight)
kg /day

HB 5.08%0.08 | HB>MSB** | Hay 3.40 |2.68%0.03 | HB>MSB**

Barley
Meal 2.66

MS 5.91+0.08 | MS = HB Maize 2.7240.03 | MS =
e} g P >
(F > 0.05) Silage 5.85 @ -

Minaral
Suppl. 0.06

MSB 5.5630.08 | MSB<C MS** Maize 2.5610.03 | MSB<IMS#®*
- Silage 5.41

Mineral
Supnl. 0.05

Biuret 0.09

In the analysis of the DM intake data for the entire comparison
period, using Model (2) (see App2ndix X), the first order interactions
contributed significantly (P<< 0.01) to the total mean squares.

Consideration of the DM intake response to treatment must therefore
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FIGURE 3.1: Treatment mean daily DM intakes averaged over each week,

showing the treatment by period interaction
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They are presented graphically in

Figurss 3.1, 3.2, and 3.3, 2nd are discussed in section 4.2.4.

The DM and D% intakes, topether with calculated ME intakes,

are presented in Table 3.14, while N intakes, in various forms, are

contained ian Tablie 3.15.

TABLE 3.14:

Mean daily DOM, DE and ME intakes of treatments, based

on the DM intake data of Table 3.312 (i.e. Teriod one

omitted)
Treatment DOM Intake DE Intake ME Intake
lur/day Megacalories/day Mepacalories/day
HE 4,01 1¢e.1 1.8
MS 3.49 ) * 0.05 15.8 1 £ 0.2 13.1 | £ 0.2
M38 3.28 14.7 3 1206l

All intake parameter means in Tables

3

using Model (2) {2.5.4) modified by exclusion of reriod one.

,14 and 3.15 were analysed

An

exany-ie of this tvpe of anova (DM intake as a percentage of liveweight)

is shown in Appendix ¥XII.

The treatment means for DOM, DT and ME

~

intakes all differed firom cach other highly significantly (P < G.0l).

TABLE 3.15:

Menn daily crude nrotein, Aigestile crude protein, true

nrotein and non-protein nitregesn intakes of treatmerts,

based on the MM intakes data of Table 3.13

Crude Trotein

Oipestible

True FTrotein

Non~FProtein

+

Treatment Intake Crude Protein Intake Nitrogen
Intake Intake
kp/day ke /day kg/day kg /day
1B 0.67 0.418 0.559 £.013
MS 0.57 § & 081 |0.327 § * 0.006'0 185 s + 0.005/0.059 | * 0.001
#SB 0.76 ] 0.484 3 0.169 ; 0.095 V

The treatment means for the intake parameters contained in Table

3.15, except true protein intake, were all highly significantly

different from each other (P< 0.01).

The true protein intake for the

HB ration was significantly greater than that for either the MS or MSE
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rations (P« J.01), while the difference between the two maize silage

rations was significant only at the 5% level.

3.5 HNITROGEN (M) RALAMNCE

Mean daily N intakes, and urinary and faecal N outputs, recorded

during the comparison period, are presented in Table 3.16.

TARLE 3,16: Mean daily ¥ intake, uvrinary N output, faecal W output

and N talance for each treatment during the comparison

period
Treatment | M Intake Faecal N Cutput |Urinary & Output] N Balance
Group g/day z/day g/day g/day
HB 167 40 40 27
MS S6 1 =5 R %8B 0] %2 24 1 3
M8B 141 51 65 ) 25

Table 3.17 contains a summary of the statistical zignificance of
the differcnces between the three treatments for each of the narameters
shown in Tahle 3.16. These data were zll analysed using l{odel (4),
excent faccal W, for which Model (1} was employed (see 2.5.5). An
example of these analyses, that of the M retention data, is rnresented

in Appendix XIIT.

TAPLE 2,17: Statistical significance of differcnces between treatment
mean daily N intake, faecal ¥ output, urinary N output

and ¥ balance during the comparison period

Daiiy Y Intake| Taecal N Output Urinary N Outnut N Balance
MSR > MS** MSB >HB (P << 0.10) MSE >»}MS#** No Significant
MSB > HB** MSB =>MS (P << 0.10) MSB >HL** Differences

HB = US MS = HB (P >>0.10) HR >MS*
(P >0.05)

3.6 LIVEWEIGHT GAIN

Weekly mean liveweights for each treatment, in both the
standardisation and comparison periods, are shown graphically in
Figure 3.4. Mean daily liveweight gains for each of the treatments
during the comparison period are presented in Table 3.18. The
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analysis of the liveweight gain data by Model (2) can be found in
Appendix XIV,

TABLE 3.18: Treatment mean daily liveweight gains during the

comparison period

: Mean Daily Liveweight Gains over
xeatment Six-week Comparison Pariod(kg/day)
HB 0.44 %
MS 0.52 } £ G.06
MEB 0.51

While there were no significant differenccs between the three
treatment means, rates of gain were on average significantly higher
(P« 0. 01) in period two than in period one. However, because of
the highly siznificant treatment by period (T x P) interaction
{(?<C C.01), the reriod effect has limited meaning. The T x P inter-
action (see Anpendix XIV) reveals that whils in period one (first
three weeks of the comparison period) the m2an rate of gain of the HE
treatment was significantly higher than either the MS or MSB treatment
(P<< 9.01) ,during period two, nrecisely the reverse situation existed.
For the MS and MS83 treatments, the increase in rate of gain from
period one to period two was significant at the 1% level, while the
decrease in rate of gain for the HR treatment during the same time was
significant at the 5% level.

Unfortunately, the absence of intermediate liveweightsin the
pericd two data preventad further statistical consideration of the
apparent depression in rate of gain of the HB treatment during that
period. It 1s suggested, however, that it was possibly a result of
the highly significant reduction in intake (P << 0.01) (see Figure 3.1
and Appendix X) of the HB group in the sixth, compared with the fifth
week of the comparison period. This was likely thz result of an
unavoidable change in the nature of the hay fed the HB group during
the last week of the comparison period.

The availlability of intermediate liveweights in period one
made possible the further analysis of the significant T x P sub-group
differences during that period. Serial ancova analysis of mean live-

weights for each of the three weeks during period one, using Model (5)
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indieated the between treatment differences in period one to have in fact
been generated in the first week of the three week period. An example

of these serial ancova analyses is presented in Appendix XV. Reference
to Apnmendices X and XI further reveals that it was in this same first
week of the comparison period that the significant T x P interaction

in DM intake over weeks one, two and three was larpely generated. It
would seem clear that the 30 to 407% decrease in mean DM intake during
week one of the comparison neriod (see Figure 3.1) as the MS and MSB
treatments adapted to completely new diets, had a considerable effect

on apparent rate of liveweight gain.

On the basis of this evidence it was felt that more meaningful
interpretation of the treatment effects could be obtzined by adjustment
of the liveweight gain data through regression on DM intake. To
overcome the influence of animal size on maintenance intake requirements,
the DM intake data were expressed per 100 ki liveweight. The adjusted
data were analysed by ancova using Model (%) (see Appendix ¥VI), and the

treatment means are presented in Table 3.19.

TABLE 3.19: Mean liveweight gains of CP trestments adjusted by

regression on DM intake per 100 kg 1W

Adjusted Mean Daily Lliveweight Gainf Significancec of
Lol kg /day Differences
¥
HB 0.30 < MSB*
MS 0.48 ] ¥ 0.08 uB = MS (P >>0.10)
MSB 0.70 ; MSB >MS (P< 0.10)

The imnlications of this analysis are discussed in section
4.2.6.



CHAPTER FOUR

DISCUSSION 0F RESULTS

In the main, thie .chapter is cenfined to the discussion of
results as rresented in Chanter Three. *here, howvever, ideas emerge
from consideraticn of the results, and these have heen tested, new
material may be nrasented.

The chanter falls into two sections, th2 first of which
considers the success of the ermneriment as designed. niscussion
of the actual results forms the second section and follows wrecisely

the layout of Chanter Three.
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4.1 A POSTERIORI CONSIDERATION OF THE EXPERIMENTAL DESIGN

On the evidence of Kincaid et al (1945), Ashten et al (1955h) and
Bailey et al (1558), it was suggested in Section 1.5.1 that under
stringent managerial conditions with covariance design, a coefficient
of variation of 107 in measured liveweicht eain might be exrected. With
the five animals per treatment and three treatments, this would have
permitted detection of between treatment differcnces of 0.15 kg at the
5% level of significance with a probhability of 65%.

"owever, the coefficient of variation for liveweight gain in
the present study was found to he 41%; and covariance analysils was of
no direct use whatsoever. Onlv the more sonhisticated anova nroceduras
followed wwould have enabled significant differences of 0.20 kg/dav
to have been detected at the 5% level, had they existed. The question
immediatelv arises as to the reasons for roth the ineffectiveness of
the covariance design and the high variability of the liveweight gain
data.

Reyond dou“t, 71 intake exerted a powerful influence on liveweight
gain during the comparison pneriod (see Tigures 3.1, 3.4 and YVI.i)
desnite the standardised weighing and regular feeding nractices adonted.
In light of this fact, the writer, in reconsidering the n»rocedures
followed during the experiment, would strongslv criticise the decision
to switch the MS and MSR treatments from the hey and barlev ration of
the standardisation reriod directly te the maize silage of the comnarison
reriod. This sudden change effectfively obliterated the desirable
stahilising influence of tha standardisation -ericd and resulted in
the internretative nreohlems of adantation responses in the CP deta.

The other rather unfortunate managerial circumstance, which would
tend to inflate the varisbility of weight gain, was the slight change
in the nature of the hay of the HR treatment in the sixth week of the
comparison period. This was hoth unavoidable and undesirable, and
teogether with the adaptation resnmonse to the maize silape feeding, is
considerel resnonsible, at least in nart, for the high coefficient of
variation of the liveweight gain data.

Nf greater concern, however, was the ineffectiveness of the
covariance design in reducing the coefficient of variation of adjusted
treatment means. The CP gain data failed to bare any significant

relationship to that of the standardisation perind (Secticn 2.5.6).
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This secemed to be in complete contrast tc the evidence presented in
Section 1.5.1. Further nerusal of the literature, however, reveals an
important cmission from the considerations discussed in Sectien 1.5.
That is, that while the advantages of covariance desicen have been
variable (Green et al, 1952), thav have heen ceonsistently absent from
short term growth studies lastine ur to 10 weeks (Patchell, 19565
Bailey et al, 1258). The rcasons for this arc not ohscure and should
have heen realised in rlanning the nresent exnerimeat.

It was shown by Knanm and Clark (1947) that in three successive
84--day nericds, the liveweight gain correlation was considerablv greater
between the second and third perinds than either the first and second,
or the first and third rericds. fenetic influences accounted for
11,54 and 847% of the variation in gains for each of the three neriods
rasnectively. This is consistent with the remarts of bnth Ashton et al
(1955c) and Bailey et al (1958), showing reduced coefficients of
variaticn for liveweicht gain with time.

The succass of the covariance design is clearly dependent on the
nronortion of the error variance which is due to the between animal
variability in inherent growth characteristics and cenetic rotential.
In short term e¢rowth studies of six weaks, such as the nresent, it is
clear that these zznetic influences account for a surnrisingly small
nron~ortion (less than 10%) of the variability in liveweieht gain

¥nanrn & Clark,1947; Railey et al, 1953). 1In view of this evidence,
the ron-significance of the regressinn of CT weipht gain on SP weight
gain is not surnrisine and similar circumstances would ex~lain the
noor relatiosnshin in the M retention data.

Tn terms of PM intake, Stcne et al (1%60) showed consistent intakec
ranking of cattle nm a variety of foraeres, and a rarression relationship
between the two reriods of ohservation in this rresent study might have
been exnected. While 2 significant regressinon was recorded (see 2.5.%)
it was of no value in reducing the error variance in ancova analysis.

The digestibility data also provided siznificant CP/SP relation-
ships, but within-treatment regression coefficients were significantly
different between treatment grouns (see Figure IX.1). The reasons
for this are obscure. If meaningful, the regressions show that the
steers with the highest DM digestibility on the HB ration in the

standardisation pericd, held the same ranking in the comnarison neriod
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on the HB and MSB rations, but ranked in exactly the opposite order
on the MS ration. The chemical characteristics of the three raticns
(see Section 3.2) were not sufficiently different to support a sound
arpument for adantation ir exnleining this findinp. It is therefore
considered an artifact.

In contrast to the inefffectualness of the covariance design
in analysis of the measured narameters, the randomised block feature
of the design nroved most successful in rerducing the unaccountahle
variation esmecially with the intake data. The rrocedure also nprovided
three treatment grours with almost identical liveweights at the start
of the comparison period, a consideration creatly assisting internretation
of rasults. Randomised hlockine is suggested as heing essential in
this type of growth study.

Were the exweriment to be redesigned under the same limiting
circumstances of animal numbers and length of time available for a
comparison period; it weould not be altered oreatly. The standardisation
neriod 1s considered imnortant in its stabilisineg effect on animals’
rates of gain. The change tc the comrarison weriod rations, however,
would ha made gradually so as to avoid the confounding influence of
larpe intake fluctuatiens on liveweicht pain. Such a procedure shoul”d
reduce the coefficient of variaticn for weicht ;ain below the 417
recorded in the nreseat study, and result in a ierc sensitive exneriment.

Should more animals and a greater tine neriod have heen aveilahble
it is imnertant, on the basis of the present findings, to ascertain
the relative advantages of increased animal numhbers and increased
length nf commarison period. 1In this situation, interest no longer
centres on the treatments, hlocks, and periods 2s srecific, fixed
factors. Rather, they can be considered merecly as examples of a range
of possible selections from a nopulation of each. Under these
circumstances the liveweieht gain analysis usins model (2), changes
from a2 tyne I to a tyre II anova (Searle,1971), enabling estimation of
variance components {see Ampendix XVII). While Searle and Fawcett
(1970) have elucidated the errors association with a finite rather
than the infinite population imrlied by the type II model, adjustments
were not made as they were considered not to be of imnortance to the
present situation.

In this way, it was shown that in an experiment such as the
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present, a greater reduction in error variance can be effected by an
increase in the number of neriods (length: of exneriment) rather than
increasing the number of animals. This conclusion is in accord with

the findings of Bailay et al (1958) based on a iarce number of short

term growth studies with cattle. They renort sreater exnerimental
nrecision through doutbling the comnarison pericd from three to six

weaks than throupgh doubling reprlicatien from five to ten animals per
treatment. For the nrresent study, doubling the number of animals per
treatment from five to ten wruld have in fact cffected a lesser reduction
in the variance of a treatment mean than lenpthenine the experiment by

one nericd (i.e. thrze weeks).

4.2 TINTERPRETATION OF RESULTS

4.2.1 Physical Analysis of Rations

The data rresented in Tahle 3.1 would indicate that the ration
feeding nrncedures were satisfactory. Tn attain the target liveweight
gain of 0.75 kg/day, 427 of the DM consumed by the HB treatment had to
be barley meal (see Arpendix ITI). The 44% achieved closely anproximates
this chjective. Morecwver, it was estimated that the biuret supplementation
would raise the crude rrotein content of the maize silage to between 13
and 147 (DM bhasis) {sce Sectinn 2.2.3). As can be secen from Table 3.3,
the quantity of hiuret consumed did exactly this.

Comparison of Tables 3.2 and 1.1 reveals that the nhysical
comnosition of the Hew Zealand grown maize silage used in the present
study, aligns closely with that of silage nroducel in America from
maize harvested at the similar dent-glaze stage of maturity {(30-357% ©OM
content). The cutstanding feature of this data is the high grain
content, 45% of total DM. To further demonstrate its significance,
gross energy determinations (adiabatic bomb calorineter) were made on
samples in which the grain had been separated from the rest. Gross
energy digestibilities were assumed (Morrison, 1957) and the estimated
proportion of the total digestible energy in the grzin fraction of the
silage at harveset is shown in Table 4.1. It can be seen that the grain
constituted apnroximately 60% of the DE of the silage at harvest.

The importance of not harvesting too carly is demonstrated by
the only similar work carried out in New Zealand recently, that of

Waghorn (1973), where maize harvested only a little earlier at the
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TABLE 4.1: Importance cf the grairn fraction in maize silage

2 Characteristic Grain 7% Rest %
g DM 45 55
i Gross Energpy 46 54
! Digestible Energy* 59 | 41

* Assumed digestibility of GE - 85% for grain

- 50% fcor rest.
dough-dent stage of maturity (277 DM) contained only 36% grain (DM basis).
The loss In both DM yield and digestible enerpgy content is immediately
apparent from hoth Fipure 1.1 and Table 4.1.

Cne apparent anomaly in tha data presentzd in Table 3.2 1s the
reduction in measured pgrain content from levels estimated prior to
harvest, to those found following harvest and ensiling. The magnitude
of the dron from 45 to 327 zrain content is similar to that in the data
of Waghern (1973). Tt would seem imnrobable that the missing erain is
being fermented during ensilage, as both Barnett (1554) and Johnson
et al (1966b) suggest that very little hydrolysis of starch occurs
during this process. While the unsuitability of harvesting equipment
available fecr the nresent work resulted in the loss of considerable
grain both in the field and in transit to the silace stacks, the most
plausible exnlanation seems to he that the fine chopning of the material
may render part of the grain fracticn unrecognisable in the hand
separation technique used in this analysis. Ccnsequently, the measured
grain content in the maize silage following ensiling is likely to under-

estimate the influence of the grain on 1ts nutritive value.

4.2.2 Chemical Analysis of Feeds

Comnariscn of Tebles 1.2 and 3.3 reveals a strikine chemical
similarity betwecen New Zealand produced maize silage and that produced
in America. The only differences appecar to be in the crude protein and
crude fibre contents. The higher crude protein content of the silage
being studied (9.7 versus 8.6% of DM) 1is likely e result of the high level
of N fertilizer used to produce the maize crop (see Appendix IV). The
influence of N fertilizer levels was clearly established in Section 1.3.1
and is not further discussed. TIn contrast the slightly lower crude

fibre content of the present silage (19.5 versus 23.0) 1is possibly a
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reflection of its higher DM content (31 versus 28.5) and associated
higher grain content.

While the crude protein content (Takle 3.3) varied between CP
rations, 9.7, 11.1 and 13.67% for MS, HB and MSB rations respectively,
there was a close similarity between crude fihre contents and, with the
exception of MSB, the NFf fractions. The higher crude nrotein content
of the MSB ration was naturally reflected in its lower NFE content.

The question arises, however, as to the meaning of these
compositional similaricties or dissimilarities. Norman (1935) and Van
Soest (1966) have shown quite clearly that while the crude fibre
measurement gives some indication of the amount of roughage in a ration,
it does not measure the samc material in all rations. ~lthough the
crude fibre fracticn contains only cellulese and lignin, it contains
varying amounts of each denending on the feed; the loss of lignin
from the fraction often being extensive (Norman, 1335). Conscquently,
it was considered that morc meaningful comnarisons hetween rations
could be made on the basis of acid-detergent fihre (ADF) measurements
(Van Soest, 1963) which includ2 all of both the licnin and cellulose
fractions. Moreover, just as the comrosition of the crude fibre
fraction varies hctween feeds, so it is 1likely to vary between feed and
the faeces produced from that feed (Norman, 1935), tending to invalidate
crude fibre digestikrility as a measure of fced value. TFor this reason,
the more reliahble ADF measuremant was used to determine fibre digestibility
in the present study.

Despite its suneriority over crude fibre, ADF is prohabtly not
the fibre measurec most closely correlated with nutritive value (Van
Soest, 1971). It has been pointed out by Van Soest (1966) that certain
fractions of the hemicellulose, not inluded in the ADF, such as the
xylans, can he less digestible than cellulose. Van Soest and Marcus
(1964) and Van Soest and Wine (1967) have therefore proposed a neutral-
detergent fibre (NDF) measurment which separates thc cellular material
from the cell wall constituents. The writer considers this the most
satisfactory fibre measure, as it distinguishes between the almost
completely digestible cellular contents (987 true digestibility), and
the cell wall fraction of variable digestibility (Van Soest, 1967).
Unfortunately the extreme filtration problems encountered with this

teghnique precluded its use in comparing the digestibilities of the
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cell wall constituents of the rations used in the present study. Its
measurement in the rations themselves, however, did enahle the
estimation of rcadily fermentable carbohydrate content, a fraction of
more meaningful value than the conventional NFE, WNot only is it devoid
of hemicellulose (Van Soest and Marcus, 1964), but it is also free of
the variahle lignin content of the NFE (Morman, 1935).

In contrast to the crude fihre, the ADF measurements (Table 3,4)
reveal diffecrences between the rations. The lower level of ADF in the
HB ration probably reflects an extremely low lignin content of the
barley meal. Despite this, the high hemicellulose content of the hay
(Table 3.4, subtracting ADF from MDF and adjusting for cell wall-bound
ash and protein) meant that both the maize silage rations contained a
little meore readily fermentable carbohydrate than the hay and barley.

The absaence of major differcnces between the carbohydrate
fractions of the rations as fed is perhans not surnrising when it is
considered that all three were combinations cf roughage and concentrate
in nct vastly differing nronortions.

The crude protein fractions, however, recvealed large between-
ration differences on their further analysis (sece Table 3.5). While
337 of the crude protein of the HB ration was true protein, equivalent
figures for the MS and MSB rations were 327 and 22% resncctively. The
ethanol extraction technique, however, used to removie the NPN may be
subject to a systematic error caused by its failure to extract the
nucleic acid N (Bailey, pers. comm.). The low true protein values
for the maize silage rations are therefore unlikely to he under-
estimates,

While it is known that silages may contain much NPM (Barnett,
1954; Macpherson and Violante, 1966a, 1966b; Voss, 1956), Johnson
et al (1967) (see Table 1,3) found 56% of the crude protein in maize
silage to he true protein. The reason for the relatively low level
in the mafze silage being studied is not clear. A discrepancy due to
the different methodology cf Johnson et al (1967) (tungstic acid
precipitation of true protein) is undeoubtedly possible, although it is
likely that both methods exclude amino acids and small peptides from
the true protein fraction. However, as 1is mentioned in Appendix VI,
air entry into the silage stacks was unavoidable, rendering the

preservation of the silage less than excellent. Under such conditions
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extensive proteoclysis may take place (Macpherson and Violante, 1966a).

The significance of both the protein and carbohydrate analyses
will he discussed in relation to ration digestibility in Section 4.2.3
and N utilisation in Section 4.2.5,

The phospheorus coutent of the majze silage being studied was
very similar to that reported inm the literature (comparing Tables 3.6
sand 1,33 0.27 versus 0.22% of DM). The NRC (1270) sugpgests a
requizement of 0.287 for rapidly growing 200 ke steers. Consequently,
the addition of the mineral supplenent to raise the ' content to 0.32%
avoided any possibility cof a deficiency.

In contrast, however, the caicium content was considerably above
gencrally accentad values at 0.46% compared with 0.297 of DM (Table 1.3),

end in excesz of the NCR (1970) requiremen: of 0.36%. While the

=

iterature is rdamant that maize sileape ds mareinal 1n its Ca and D
contants, the present avidence would supgest that cxcept for rapidly
growing calves, mineral sunpmlementation may be uunecessar,. The
prescn® firdirps do no » cefute the marcinal nature of the
mineral content cof maize silage.

It was suggasted in Section 1.4.4 that sulmhiur was required in
N metebelism. An N/S ratio of 10/1 wae considered to ba required by

QA4
SO

rerdnanie {Allavay «nd Thompson, 1866}, and tvnical raine silage was

N
il

found o hzve a ratio of 12/1. The cilage used in the present study
vesenbied *his figure closely at 1Z/1, the addition of hiuret widening

th2 N/3 rasio =o 17/1. The sulphur contained in the minaral sunplement

was insufficient to alter the overail ration conter: end the possibility
cxicts that sulphur mey have been Limlting N utilisation in the MSRB

treatnment.

4,2,3 Digestibility of Rations

b

The apparent DM digestibilities of the two maize silpge treatments
presented in Teble 3.7, seen congsiderahly lower than those reported in
the literature (see Table 1.5). The six percentage unit depression from
the typical value of 687%, for American produced maize silage of similar
dry matter content, was first thought due to the appearance of seemingly
large quantities of vhole maize grairnin th+: fa2ces.However, measurement
of the extent of passage of undigested grain through the digestive tract
yielded a figure of only 6 to 7% of the grain DM. This was slightly

less than comparable figures recorded in tne literature (8.5%) for
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maize silage made at the glaze stapge of maturity (Becker ond Gallup, 1929)
0.2 to 8.3% belneg reported for silage made at the dough-dent stage of
maturity (Huffman and Duncan, 1959).

The undipgested grain theorv therefore seemad an improbable
explanation for the apnarent depressicn of ™ digestibility recorded
in the present study. The nonssibility existed, however, that estimation
of undigested grain was both erroneous and low. as the grain content of
the silage actually consumed by the steers was assumcd to be the same
as that in the silage offered the stecrs. To check the validity of
this asgsumption, a further five day faecal collectinn trial was run
with two cows. While it appeared that refusals mav have contained
relatively more erain than the silage offered, causing cver-astimation
of grain intake, hand separations revealed nn difference.

Therz 1s strong evidence that aprarent DM digestibility may be
influenced by level of feeding, and that the mesnitude nf the influence
may differ from feed to faed (Watson et al, 1939; Van Scest, 1971).

In the present studvy the maize silage was fed te arnpetite (2.7% of LW),
while for much of the work reported in Table 1.5, lower l=vels of
intake were used (Noller et al, 1963; Cnloves et al, 1970).

atson et 21 (1539), Colovos et al (1270) and Wilson (1973)
have reported varisble declines in DM digestibilitv of maize silape
by cattle, with increasing levels of intakc. The f{ormer workers
recorded a denressicn of nine percentaze vnits from 702.47, as DH
intake was increased from 1.457 of body weizht to apretite. Such a
responsa to high levels of intake could well account for the lower
apparent digestibilities recorded in the present studv. The auestion
arises, however, as to why the apparent dipestibility of the HB ration
appeared not to be similarly denressed with the =2d 1lib feeding. It
would seem that the apparant digestibility of hay DM 1s less sensitive
to level of feeding, Watson et al (1939), in keeping with the findings
of Watson et al (1935), reporting small depressions only with extremely
high intakes. It 1s therefore possible that lower apparent DM
digestibility at high levels of intake may be a characteristic of maize
silage.

It is quite evident from Table 3.7 that the difference in DM
digestiirility between the hay and harley ration and the mailze silage

was not a funtion of the apparent digestibilitics of their respective
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fibre fractions (ADF-lignin and cellulose). These were essentially the
same, YNeither was the effect entirely due to the lower anparent
digestibility of the crude protein of the maize silage in rel#ilon to the
hay and barley (Table 3.7}, as the presence of supplemental NPN,
sufficient to raise the anparent digestibility of the crude nrotein

by seven nercentage units, failed to alter the overall TM digestibility
of the MSB ration. Similarly, while no measurements were made on
hemicellulose digestibility, its nercentage content in the maize

silage (9.3% of DM by difference) would have been too low to have
substantially affected overall DM digestibility, unless it was almost
totzlly indicestible. The only remaining fraction, the cellular
contents ( 56.8, 63.3, 63.8% of DM for BB, MS and MSB rations
respectively) , are considered almeost totally digestible in a variety

of rations (Van Soest, 1967). Consequently, it would seem that
potentially the three exnerimental rations should have been of

similar digestibility, tending to exclude a nossible argument that

the nresent maize was of inferior digestibility through nroblems
encountered during ensiling (see Section 2.2.2 and Aprendix V).

While level of intake mav have contributed to the low DM
dipestibilities recorded for maize silage in the present study, the
possibility of measurement bias, not accounted for in the standard
errors presented with the resultes, cannot be cverlooked. That most
readily avpparernit, resulting from the oven determination of silapge DM
content, would be an under-estimation of DM jntzke (Coppock and Stone,
1965) , which would in turn depress apparent DM digestibility.

However, Bryant (1970) recorded only small (0.3 nercentage units) but
significant differences between over-drying (100°C for 36 hours) and
toluene distillation of maize silage; differences sufficient to raise
the apparent DM digestibiltty figure by no more than 0.5 percentage
units. Further mention of this DM determination problem will be made
with the consideration of voluntary intake in Section 4.2.4.

As could be expected, the DOM content of the DM, and the
digestibility of the GE (Table 3.9) cf the rations, followed closely
the pattern set by che apparent DM digestibility. The estimated
metabalizable enerpy (ME) contents however, revealed lessened, though
still sienificant differences between the MS and HB rations; the
percent metabolizability of the DE of maize silarre being estimated
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to be higher than for the HB ration (Blaxter et al, 1966; Bryant, 1971).
Consequently the energetic nutritive value of the HB and MS rations
could be exnected to be more similar than is reflected by their
resnective DOM contents of 66 and 59%. The supplemental NPN in the MSBH
ration was considered likely to increcase the urinary energy loss, lowaring
the DE metabolizability to a level below the MS ration.

Finally, the digestihle crude protein content nf the maize silage
(sea Table 3.100 - 5.5%) was very similur to the 5.7% used in calculating
nossible levels of production in Section 1.2. The higher digestible
crude nrotein content of the MSB ration would indicate that the
sunplemental biuret was disapnearing in some way or other from the
digestive tract. This point will be further discussed with the N

balance results in Section 4.2.5.

4.2.4 Voluntary Intake

Measurement of voluntary DM intake of maize silage proved
difficult in the nresent study. The procedure was dependent on
accurate determination of feed and refusal DM contents. These were
found te vary in the oven-drying technique used, with both the size
of sample taken and length cf time in the cven.

BRryant et al (1970) had recorded statistically significant, but
nractically unimnortant depressions of estimated DM content (9.87%) by
oven-drying compared with toluene distillation. Moreover, a standard
error of ¥ 0.06, indicated little problem with the oven-drying
techninue, and consequently no particular precautions were taken
prior to commencement of the maize silage fecedine.

However, on realising the variability in measured DM percentage
with oven-drying, depending on procedure followed, a small experiment
was conducted with samples of varying size (300, 200 and 100 g) dried
for either 24 or 48 hours. The analysis of the results 1s presented
in Appendix XVIII. It can be seen that samples of size 300 g had a
significantly higher measured DM content than either 100 g (P<< 0.05),
or 200 g samples (P<<0.10). TFurthermore, DM percentages calculated
after 24 hours drying were significantly higher than those after 4&

hours drying (P<< 0.10). Analysis of the 24/48 hour differences (see
Appendix XVIII) showed the further moisture loss after 24 hours to be
significantly greater (P<< 0.01) for the 300 g samples than for either

the 100 or 200 ¢ samples. The size of the differences were clearly of
practical importance, the mean difference between the 100 and 300 g samples

being 3.9 percentage units. The difference between the 24 and 48 hour oven-
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drying for 300 g samples was 5.9 percentage units, sufficient to alter
estimated PY intake by 17% from say R.2 dowm to 6.8 kg DM/day.

The problem emerging from this secondary exreriment was which
degree of drying represented free water loss, and after what time period
were the volatile fractions of the DM removed. Tt was considered that
a 24 hour drying time was less likely to result in DM loss than 48 hours
drving, and was z2lso more desirable from a logistics point of view.
“Thile larger samples for DM determinations represented better sampling
of the silage fed, 300 g samnles still seemed to contain free moisture
after 24 hours. It was also likelv that secondary fermentation
continued for a greater length of time in the larger samrles, adding
vet annther source of error to the problem. Conscquently it was
decided to standerdise the procedure and use a 200 g samnle ovep-
dried for 24 hours at SC°C.

To check on the loss of DM involved with this procedure, a series
of maize silage samples were later halved, onec half being freeze-dried
and the other oven-dried, using the same 200 g, 24 hour procedure for
the oven-drying. It was considered that freeze-drying would result in
very little DM logs and give an accurate measurement of free moisture
content. The fireeze-drving in fact resultecd in a consistent seven
percent (1.3 nercentage units) higher estimation of DM content than
oven-drying. Such a difference would have been sufficient to have
raised estimated DM intake by 4.4%, and DM dipestibility by 1.6
percentage units from 527 to 63.67%. Clearly, the under-estimation of
DM digestibility caused by the oven~drying cculd have been greater than
was estimated in Section 4.2.3 on the basis of Bryant's (1970) oven-
drying results. It is suggested that this nossible bias be kept in mind
during the subsequent discussion of the intake results.

The analysis of the comparison period DM intake data (Appendix X)
revealed significant (P<C 0.01) treatment by period (T x P) and treatment
by block (T x B) interactions and a non-significant period by block
(P x B) interaction. It is intended to establish the implications of
these interactions prior to consideration of the main treatment effect.

The T x B interaction 1s shown graphically in Figure 3.2. It
can be seen that while for the HB treatment, DM intakes bore a well
defined relationship to block number (i.e. steer liveweight at the
start of the experiment), the same did not occur with the MS and MSB
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treatments. This would indicate that DM intake on the maize silage
rations was being influenced bv factors other than liveweight. It is
suggested that the interaction wascaused by the varying lengths of
time required by different steers to adapt to the malze silage feeding,
the non-significant P x B interacticn indicating the time trend of the
adantinn response not to be affected by steer size (block number - see
Pigurz 3.3). There is no evidence however, that the significant T x B
interaction would bias the main treztment effect in any way.

The significance of the T x P interaction, shown graphically
in Figure 3.1, indicates that in certain perinds the DM intakes of the
treatment grouns could not Liec accounted for by the mean effect of the
treatment. Therefore, denending on the cause and severity of this
interaction, the treatment DM intake means may have limited meaning.
While Table X.v shows the interaction effect to be present in periods
one, two, three and six, serial ahcova analvsis (Appendix XI) ravealed
the interaction during these periods to have been initially generated
largely in periods one and six. It is highly likely that the change
from the SP to the CP rations for the MS and MSB grouns was responsible
fer the former, while a slight change in the nature of the hay of the
HB groun was thought to have caused the latter. Clecarly, the 38%
depression in the DM intakes of the MS and MSB treatments in period one
would heve had a greatcr influence on the main treatment effect than
the 177 decrcase of the HB treatment in period six. It was therefore
considered that the main treatmpnt effects on DM intake would be more
neanincful with the pericd one data excludad (see Scction 3.4). Mean
DM intakes obtained in this way were felt to more closely approximate
levels of intake which mizht be exmected on feeding maize silage of a
similar nature to other steers.

While the cmission of the period one data raised the mean DM
intake of the MS treatment to a level similar to the HB treatment,
the MSB treatment remained significantly lower than either of the others
(P < 0.01), even when exnressed as a percentage of liveweight (see
Table 3.13).

With the small number of animals used in this study the risk is
always greater, despite statistical significance; that differences
between means may be merely artifacts, rather than effects ascribable

to the treatments applied. The present difference between the MSB
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and the other two grcups is such a case. The only difference between
the MS and the MSB treatments was the addition of biuret to the latter.
While the lower intake of the MSB treatment could therefore be

2hly ascrihed to the nresence of biuret, its being neither toxic,

i
ttor tasting {(Armstrong and Trinder, 1966), would make this seem
hk

Consideration of Figure 2.1 reveals that the mean M intake of
the MSB treatment had the greater d2crecase (P« 0.05) with the ration
change at the start of the ccomarison meried, returning to the level of
the M3 treatment only afteiv the first three rerinds (sez Table 3.11).
Consequently the lewcr intake for the 'S8 treatment in Table 3.13 is
largely = reflcection of the second and third neriods, thercafter there
being no difference. That the grester initial intske drop cculé have
been caused by the biuret, with subseguent adantien cf the N metabelic

13

w
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systam raising intake, iz a nessib . It was certainly not, however,
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caused hy nalatability differences, the bluret fed with the rock salt -

being cousvined most readily.
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The nossibility cwisted that the f{airly slowy arnarent adantatien
of the MSB groun to the CP diet {see Fipure 3.1) was a result of the
change of diet derressing initial irniake and decreasineg hody weizht,
vaich in turn nrevented a return te nizher intake levels. lowever, it
is argred that had this occurrred, the eunression MM inteke as =2
nronortinn of livereipght (Tahlic 3.13) would have elimfnated, or at
least raeducadl substantlially, the difference hetreen the MSP and the
~*her tweo treatments. Such was not the casc.

Evidence has teen produced to show that adaptatioan responses
caused by diet changes werz resnon~’ble for the significant inter-
actions found in the analysis nf the DM intake data. These adaptation
responses were also largely resnonsihle for the treatment differences
in intake and it is concliuded that both similar and satisfactory
(NRC, 1970) 1levels of DM intake could he exnected with cattle on the
three exrerimental raticns (gee Table 3.11). However, it is also
suggested that maize silage of lower DM content (less than 307 DM) may
be associated with levels of intake below that of a hay and barley
ration, Waghorn (1973) recording ad 1lib, intakes of 2.35% of liveweight
for steers on 277 DM maize silage. This would tend to confirm the

conclusion drawn from the evidence presented in Section 1.3.4.



91.

All energy and rrotein intake figures were based on the DM intake
data of Table 3.13 (i.e. first neriod omitted). The energy intakes,
DOM, NE and % (Table 3.14) anpnear to be overwhelminglv influenced by
the mean level of both DM intake and DM Adigestibility for each treatment.
Mean differences were all highly sisnificant, the lower estimated
urinary DE loss for mzize silaze comnared with the hay and barley
(Blaxter ct al, 1966; EBryant, 1071), resulting in the smallest
differences heing in MF intake (MS 897 of FB ration compared with 877
for DOM intake). Tven the lowest mean % intake , that of the MSBH
steers, was sufficient, albeit onlv just, to meet the MRC (1970)
requirements for a2 2909 ke steer erowina at .75 ke/day.

The cnerpcetic ceiling imnosed by the nmoor DM or GE digestibilities
nf the maize silage in the rraesent studv 15 of concern. Even with
nitrogen sunnlementation, the maize silare would arrear able to promote
gains in 290 kg steers of only 0.75 ka/day. While such rates of gain
are satisfactorv, higher dipestibilities of maize silage GE than
recorded here (61% of CF), with ad 1ib. levels of feeding, would he
desirable. Such hirher gross energv dipestibilities for similar silage
have been renorted by Bryant (1971) (7074 dicestibilty of GFE) but have
continued to elude studies at this Unilversity (Smith, 1971: Washorn,
1973: Wilson, 1973). The nossibility, expressed carlier in this
section, that 7 dipestibilitv hadl been under-estimated through the
use of oven M determinations, would ohviously have a two fold effect
on DNM, DE and *E intakes, one mediated via the hipher DM intake and
the other via the higher DM dipestibility. This cculd be sufficient tn
raise MS and MSR, ME intakes 77 from 13.1 and 12.1 tc 14.0 and 13.0
mepacalories/dav resnmectively. This is unfortunately a serious nossible
hias, in all four studies at this University.

Total crude nrotein intakes (Table 3,15) seemed to be in excess
of NCR (1970) requirements for ranidlv growing (0.75 kg/day), 200 ke
steers, excent for the S ration which was marginally adequate.

However, in terms of digestible crude rrotein requirements (Morrison,
1257; NRC, 1973) the MS ration fell short bv 12%, hoth the HBR and
MSB rations containing excess quantities.

A striking feature of the N intake data was the high level of
NPN consumed by the MSE treatment (0.45 kg/1000 kg liveweight)., It
was, however, established in Section 1.4.1.2 of the review that while
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such a level of PN feeding would have been reaching the animal safety
maximum for urea, its being largely biuret nosed no health hazard

whatscever.

4,2.5 Nitroeen (M) Balance

In considerins the N balance results, the fate of the sunplemental
biuret fed the MSB greoun is nerhans of greatest interest. Comnaring
the MS and MSB fipures in Takle 3.16, it can he calculated that
anproximatcly 80%Z of the sunplemental hiuret disanpeared from the
dipestive tract. “hether however, this zmount =7as actually broken
down orior to absorntinn »v the animal 1s unclear (Hatfield et al,
1959; Karr et al, 1965a). If substantial amounts had been hydrolysed and
resynthesised into microbizal nrotein, it might have been exnected
that the faecal output of ftrua nrotein for the MSRB aroup exrressed as
a nercentage of true nrotein intake, would have becn higher than the
similar figures for the MS treatment. Faecal true »rotein output was
determined using the ethanol extraction rrocedure of Tailey (rers.
comm.), and when exnressed as a nercentage of truc nrotein intake, was
analysed for batween treatment differences bv anova accordine to
Model (1) shown in 3ection 2.5.3 (see Anpendix XIX).

As would be exnected, the nrorortion of true protein intake in
the faeces was sienificantly ereater (Pel 0.01) fnr »oth the MS and
MSE treatments than for the HR treatment. This could be consicdered a
reflection of both the lerw level of true protein in the MS and MSB
rations and an actjvely synthesising rumen microbial ropulaticn.
However, the analysis showed the sreater nronortinon of the dietary true
nrotein in the fz2ecal outnut of the MS3 (10% ereater) comnared with
the MS treatment to be non-significant. Desnite its nnn-significance,
1f the differcnce was real it would he of a macgnitude of nutritional
importance. The finding does indicate the nossibility of some
incorroration of biuret N into microbial nrotein, although it would scen
that the bulk of the biuret was absorbed unaltered and excreted in the
urine. No significant affect on N retenticn was ohserved (see Tables
3.16 and 3.17) and it is nossible that the comparison period was not

lone gnnugh to.allow for adantaticn to the biuret,
It was suggested in Section 1l.4.1.z of the review that maize silage

may contain insufficient readily fermentable carbohydrate for efficient
utilisation of NPN, especially urea. Conrad and Hibbs (1968) had



93.

demonstrated the need for one kg readilv fermentable carbohydrate (CHO)
for the utilisation of 100 g of dietarv urea, and on the evidence of
Johnson et al (1966b) showinz maize silage to contain only 9% soluble
CHO (DM hasis), Conpock (1969) offered the ahove suggestion. It was
rointed out by the writer in Section 1.4.1.2 that Conrock (1969) had
overlooked an important difference between the Johnson et al (1966b)
soluble CHO content and the Conrad and Hibbs (1968) readily fermentable
CHO content; a difference resulting from the exclusion of starch
from the former determination. Through the measurement of the readily
fermentable CHO content of the maize silage in the ~resent study,
further elucidation of this question is possible.

The maize silage used in the nresent study was shown to contain
447 readily fermentable CHO (DM basis) ( see Tarle 3.4). Using the
Johnson et al (1966b) figure for maximum soluble carhohydrate content
of maize silage (%%), it can be calculated that apnroximatelv 807 of the
readilv fermentable CHO in the present maize silage was starch.

For the situation discussed in the review (1.4.1.2) in which
5 kg urea were added ner 1000 kg whole plant maize silage (33% DM),
with a 907 recovery of the urea, the maize silage would contain 0.0135 ¢
urea/z DM and for everv 100 ¢ urea, 3260 ¢ readily fermentable Cli0: a
quantity well in excess of the rcauirement suggested hy Conrad and Hibbs
(1968) . Such a level of urea addition would be sufficient to increase
the crude nrot2in content of the maize silage by 4% (DM basis), a similar
increase to that resultine from the biuret addition in the oresent
study. While the pathwavs of utilisation of biuret remain obscure,
it 1s quite clearly not hydrolysed in the rumen with the rapidity of
urea (Oltjen et al, 1969) and readily fermentable CHO reaquirements are
likely to be less stringent. It is therefore suggested that levels
of readilv fermentable CHO were quite adequate for efficient utilisation
of the NPN in the present study, and would he likely to have been
adequate had urea been used in nlace of the biuret.

The mean daily nitrogen retentions for the three treatments were
similar (see Table 3.16). All the experimental animals being of
similar age and under essentially similar conditions,it could be expected
that N retention might correlate with growth or liveweight gain.

The HB treatment data were excluded from the derivation of an

N retention/ liveweight gain relationship as the DM intake drop towards
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the end of the comnarison period (see Fipure 3.1) with associated
changes in gut fill, ohliterated any association between ¥ retention
and anparent liveweirht gain. TFer the remainine two groups a correlation
of 0.72 (<< 0.10) was fount and regressing daily ¥ retention on live-
weight gain produced a sienificant (P<<C 0.10) linear resression
coefficient of 11.3 (see Figure 4.1). However, an animal on zero gain
without bodvy comnesitional shifts must also have zero M retention, and
consequently the above regression line must pass throupgh the origin.
The only wav a line fitting the data can meet this requirement is for
it to be a curve. %While the data arc considered by the writer to be
inadequate for thce mathematical descrinticen of such a curve; & line of
apparantly best fit 1s drawn in Figure 4.1, usin~ the repression line
through the plotted noints as part of 1it. From this curve it can he
seen that a steer retaininpg N at the rate of 25 ¢/day wonld have been
gaining at the rate of 1 ke/day. The similar fieures of Lofgreen (1964)
would add credence to the maenitude of this relationshin. 1In an
exreriment lastiny 133 davs, Lofgreen (1964) renorted steers retaining
26 g 1/day to be gaininz in bndy weicht at the rate of 1.01 ke/day
when fed ad lih. With restricted feedines and similar steers gaining
at 297 of the rate of those fad ad 1ih., 357 as much nitrogen was
retained, a rasult tending to sunnort the curvilinear relationshin
suggested above.

Although ¥ balance studies tend to have a number of inherent
inaccuraciess (see Zection 1.5.2.2) the evidence of Lofareen (1264)
would indicate a reascnable accuracy of measuremmnt im.the present

study, at lcast for the MS and MSB treatments.

4,2.6 Liveweight Gain

Mean daily liveweight gaims for the threce treatments during the
comparison period were remarkably similar (see Table 3.18). However,
the highly significant treatment by neriod interaction (P<< 0.01, see
Aopendix XIV) made any conclusions tased on the overall mean live-
weight gains of limited meaning. Evidence was presented in Section
3.6, showing DM intake to be largely responsihle for this interaction,
and it was considerced that more meaningful comparisons could be made
between treatmentshy correcting for intake.

It is claimed that the DM intake fluctuations were not so much
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N RETENTION (g/day )

| I | I 1 L
0 0-2 0-4 0.6 0-8 1-0 1-2

LIVEWEIGHT GAIN ( kg/day)

Figure 4.1: The relationship between N retention and liveweight gain
of the MS (a) and MSB (@) treatments during the comparison

period
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proparties of the rationg,bu% the circumstances under which the rations
were fed., If the intakes from the first two weecks of the comnarison

period, when the MS and MSD treatmen:s were adapting to ration changes,

£

are ignored,; the mean intakes of the three orouns over weeks three to
six inclusive were verv ginilier (see Tnhles 3.11 and 3.12). Consequently
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In oxder o overcome the prohlem of animal size influencing
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ratien weuld he danperrous. Coneideraticn of Wiauve
e DM intcke of the MZR zreatmont fre: waeks two to six
incluzive. Tt could he argued that the dacreasing levels of intake
woull clevate measurad iivewedsht pain Zhrouch sraduclly increasine

levels of put £1i1l, -rithout neceasarily causine the annrepriate

t

regression aciustmant. However, the M retenticn data, the accuracy of
wihich was well catahliisched in Sectien £.2.5, wourld suegpast that the
measured liveweipht eairs over noriods four, five acd ¢’ for toth the
MS and 18T treatments did in fact recrescnt tirue hody gain, and were
neh elevated by increasing gut £ill., Tespite this evidence, a definite
conclusion 1s neot made in fzvour of the hipher nuiritive value of the
Y33 treatment. PRather, it is pointed out %hat under the conditions

of the experiment, thz M5B ration was uneaguivocalilv the most efficient
in promoting liveweight gain.

While it could be argued that thile superior efficiency was a
function of the lower intakes of MSB group from weeks one to three
inclusive (gsee Table Y.v), or a function of the increasing level of
intakes from weeks two to six inclusive, 1" retention evidence has been
presented to refute to a deeree the latter. Morecover, the former was
certainly not mediated via mcre favourable energy digestibilities of

the maize silage treatment (see Table 3.9) and on the evidence of
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of Almquist et al (1971), lower intakes are unlikely to increase the
efficicency of utilisation of DH.

The nossible superiority over, or at least equality of the maize
silage rations to the hav and barlev is Jifficult to reconcile with
the lower meesured digestibilities and metabolisable enerpgy intakes of
tha former rations (sce Sections 3.3, 3.4, 4.2.3 and 4.2.4). Uotwith-
standing the resasonably convincing evidence nresented in this secticn,
favouring the reliability of the »resent efficiency of weight gain
findines, it remains nnssitile that the sunericrity of the MSR over the
other treatments is nurely an artifact resultina from the short time
neriod and gut fill hiases not adequately accounted for. This
qualification should be borne in mind through the following discussion.

It is suzgested that the situation may be similar to that found
in compari—~~ the wnrowth performance of sheap on Manawa short-rotation
and Ruanui perenniel ryegrass * rpastures. While
of a similar DM Adirestibility, short~rotation has supported considerably
preater livew2ight eains than rerennial ryeprass when consumed by
sheer to similar levels of intake (Rutler et al, 1968). DNifferences
in the efficiency of utilisation of DZ were found (Ulyatt, 1971) and
were larcely attributed to the efficiencv advantages associated with
a greater proportion of most-ruminal digastion occurring in animals
consuming the short-rotation ryegrass (Ulyatt, 1969; Ulvatt and
MacRae, 1271).

t was shown in Section 4.2.5 that maize silage contains
considerable amounts of unfermented starch, nossibly up te 35% of
the DM. A steer eating 5 kz DM/day could therefore be consuming 1700 ¢
starch/day. With such high levels of starch intake, it has been
convincingly shown that considerable nroportions may pass unfermented
through the rumen (MacRae and Armstrong, 1966: Torps et al, 1968;
I'icholson and Suttcn, 1969), the nronortion seemins greater with
maize than with barley feeding (Tucker et al, 1965; MacRae and
Armstrong, 1969:; Armstrong and Beever, 1969). Tucker et al (1966)
reported quantities as high as 31% of dietary starch to have reached
the abomasum when sheep were fed ground maize rations containing 46%
starch. Whether the same nhenomenon would occur with the starch in
maize silage is oper to question. It is however a nossibility with

this fine chopped high grain material.



98

The efficiency superioritv of the MSR over the MS treatment may
have been a result of the higher crude nrotein content of the latter.
The M3 ration at 9.7% crude nrotein was just below the 18-117 suggested
by Goodrich et al (1961), ARC (1965) and Armstrong (1968) as being the
level un to which nitrogen resnonses can bte exrected. While utilisation
of the sunplemental biuret was shown by the W retention data to be »oor,

that amcunt utilised was possibly sufficient to effect this small

advantage.



CHAPTER FIVE

CONCLUSTONS

Internretation cof the results of this experiment is made complex
by an unfortunate combination of circumstances. As the ultimate
criterion of nutritive value in the study nresented, the liveweight
gain data 1s nrohlematical. All three treatments commenced and
concluded the comnarison neriod at similar liveweights. The paths
followed in reaching these similar final weights however, differed
markedly.

It would be rather simple to conclude, on the tasis of the
similar overall rates of gain, that the experiment failed to demonstrate
a nutritive value advantace in favour of any one ration over the othars.
However, such would he a shallow internretation of the data considering
the other internretative evidance available.

Nespite the significant suneriority of the liveweight sain
response of the MSB treatment following intake adjustment , it is not
concluded that this ratiecn is 1likelv to nromotc fastar rates of gain
in growing cattle than the others examined in this study. Such a
conclusion can only result from extranolation of the findings, based
on certain intake assumntions exnressed in Scction 4.2.6. It is
offered as a sugoestion rather than a conclusion.

It is concluded, however, that under the nrevailing circumstances
of the exmeriment described, the MSB ration was mest efficient in
nromoting liveweight gain in younp growing cattle. The possibility
that this was a result of systematic intake changes elevating measured live-
weight gaincannot be excluded, although the M retention data would
tend to refute it. If the aprarent superinrity of the MSB over the
HB ration is truly a nutritional effect, its causc is obacure. The lower
digestible and estimated metabeclisable energy contents of the maize
silage rations would suggest a lower nutritive value than the hay and
harley ration.

It is therefore nostulated that the equivalent if not superior
nerformance of the growing stcers on the maize silage rations can only
be attributed to enhanced efficiency of utilisation of metabolisable

energy, nossibly mediated via increased post-ruminal digestion.
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Similarly, if the anparent efficlency advantage of the MSB ration over
the unsupnlemented MS ration is a result of nutritional suneriority,
it in turn can only be attributed to the addition of biuret tn the
former ration.

The results tentatively sunnort the evidence discussed in
Scction 1.4.1, that nositive grovth rates of cattle can be expected
on maize silage without supplemental nrotein, although sunericr

rerformance may result from N supolementatiocn.

It is acknowledged that such a finding is inconclusive and fails
to answer fully the question posed on the adequacy of the nrotein content
of maize silage for growth in young cettle. It 1s therefore suggested
that the need exists for a further, more specific study of this aspect.

A longer oeriod of maize silage feeding, and the inclusion of an extra
treatment containing a natural protein supplement would bte considered

necessary.



APPENDICES

The importance of the information contained in this section of
the thesis was stressed in the introduction to Chapter Two, Methods
and Materials. 1Its contents have not been included in the script as
it was considered thevy would digress the direction of thought maintained
throughout the five preceding chapters. The study is one of the
nutritive value of a feed, and effort has been made not to cloud this
issue.

In the following apoendices, a number of conventions have been

adopted. Their meaning is hereby recorded.

A line down the right hand side of a 1list of values indicates
that they do not differ significantly (P > 0.05),

eaf. Rub
2.4 |

Double asterisks (**) indicate that either an F value is
significant at the 17 level, or that two means are statistically
significantly different with the probability of a type one error
less than 1% (i.e. P<< 0.01).

A single asterisk (*) refers to the 57 level of significance
or P<< 0.05.

In all ancovas, x2, yz and xy refer to the corrected sums of
squares for X, Y and cross products respectively. Moreover, S'S
refers to sums of sqguares adjusted for regression.

Through necessity of space, only summaries of selected
analyses are presented in this section. However, all the major

models employed in the analysis of data are represented.
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APPENDIX I

Time Sequence of Events

Maize planted.

Maize crov enciled.

Steers iantroduczed oo feeding barn. Various
headstall and urinary collection equipment tested
ard Taecal collectiun harnesses tried fcocr size.
Steers gradually adapted tc diet and environment
of feedine barn.

Ringworm treated with icdine - aercsol.

"

First drench — Filvarn 82 mls (3 fl. oz.).

-

First svray for ilce -- Neocidal.
Commancement of Standardisaticn Period.
Secend drench -~ Niiwverm 8 mle {3 fl. oz.).
Second sprav for lice -~ Neocidal.

Selected steers harnessed in preparation for
urine and faeces collection.,

itted.

Fh

Taecal collection shutes
Urine ccliectiocn furmels fitted.

Standardisation total collection peviod commenced.
Standardisation total collection period completed
- 14 days.

Commencemant of Ccmparison Period and feeding of

maize cilcse.

¥

Same steers harnesscd in preparation for urine

and faeces collections.

Comnancement of Ccmparison total collection period.
Comparison total collection period completed -

14 days.

Experiment concluded.
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APPENDRIX II

Sensitivity of the Experiment as Designed

(see section 1.5) for Liveweighit Gain Comnarisons

The samnle sirze reauired for 2 given pnrecision can be calculcted

using the formula

L. 0
nz G bty * thqpyry)]

wvhere N = number of rerlications
0 = true standars dceviation
O = the smallest true difference that it is desired to detect.

(:1.R, It is necassarv tec know only the ratio of 0 to 6
net their actual values).

v = degreas of freedom of the samnle standard deviati-n with
tL?

a

srouns and 'n' rerlicationg ner groun.

& = gignificance level
P = desired nrobhabilitv that a difference will be fcund to
ba significant
T v)™ Yo(1-p)y[v)
= values from a two tailed t-table with v degrees of freedom
and corresronding to nrababhilities of ¢. and 2(1-P)
resnectively (Sokal and Zohlf, 1969),

'n' was fixed at

In the present study the numbeor of renlicates
five animals per treatment (3 treatments), and a cozfficient of
variation of 19% was considerad to be the best likely to be attained.

Bv renhrasing the equation it was possible to calculate the
probability (P) of detecting a significant difference of a given

magnitude between the treatment groups.

Yafvl ¥ T2q1-p)[v] TV =

QL v

2(%2
Lt vl
** t2(1-P)[v] T 0,2 afv
2(59
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The value tQ(1 B D)[V]was first calculated, and tha nrobability
* associated with this value of t’ was taken from a table of the
critical values of Students’® t-distribution. The nrebabilities of

detectine two differences wmas calculated.

A Probahility of detecting a betwsun groun difference of 0.15 kg/day
at the 57 level of significance:

= /C:————— -2.179

(2

2(1 -P)(12] .

T
25

0.783
657

P

il

B Probability of detecting a betwecen aroun difference of 0.2C kg/day

at tha 5% level of significancz:

j— -

- I 2.179

£2(1 - ?)(12] i/z( 10,2

26.6067

= 2.035

6 &P 937

a

Probability of detecting a between groun difference of 0.20 kg/day

at the 17 level of significance:

N SR T
Y 726,667

i
!

1.183
72%

dJ
|
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APPENDIX III

Level of Barley Meal Feeding

At the start of the standardisation period the mean
liveweight of the fifteen experimental steers was 175 kg. With a
projected rate of gzain of 0.75 kg/day, it was estimated that this mean
liveweight would approximate 206 kg by the commencement of the comparison
period, midwavy through the experiment. Requirements for growing steers
of this liveweight, taken from the NRC feeding standards (MNRC, 1970)
are presented in Tabhle ITI.1i.

TABLE III.i: Nutrient requirements of steers zaining at 0.75 kg/day.

Liveweight Dry Matter | Total Protein |Digestible Protein TDN
; Intake
(kg) % (kz /day) (kg/day) (ke /day) ' (kg/day)
| |
200 i 5.0 0.56 0.36 3.5

It was felt that a 5.0 kg dry matter intake (2.5% of liveweight)
was below that which stalled animals fed ad 1lih. would attain (Davey,
pers. comm.). A more probable level of intake was considered to be
2.75% LN or 5.5 kg DM.

Nutritive value figures for both hay and barley were necessary
to calculate the level of meal feedinz required to achieve the 3.5 kg/day
TDN intake, and these are presented in Table IIT.ii.

TABLE III.ii: Assumed nutritive values for meadow hay and barley meal.

Feed Dry Matter % TDN Value*
(DM Basis)
Hay 88 50
Barley Meal 89 83

* Based on both NRC (1970) and Unpublished Massey University
data.



106.

On the basis of this information, the level of barley meal

feeding was computed:

Let barley meal dry matter intake = x kg/day
and hay dry matter intake = y ke/day
Given a total dry matter intake of 6.0 kg/day
and a required TDN intake of 3.5 kg/dav
RAEY = S8 e me e sw ere  mm G e aw wre (DY)
and 0.83 x + G.54 y = 3,50 T P TR 2
vy =55 -x
and 0.83 x + 0.50 (5.5 - x) = 3.50
. x = 2,3 kp DM/day (i.e. 42.0% of D* intake)
'. Barley meal required for steers to obtain projected growth
rate = 2.60 kg/day.
It was assumed that:
LWO'75
53.18
.« 2.6 kg barley meal to be fed an animal with a metabolic body

weight of 53.18 kg - i.e. 0.049 kg meal/kg metabolic weight.

Metabolic bodv weight
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APPENDIX IV

Maize Silage Production Details

Graded Wisconsin 575 maize seed, a three way hybrid maturing at
115 days, was planted in a cultivated (.36 hectare paddock on November
15th, 1969. The area had previously been in pasture. A four-row
Burch precision planter was used, the seed being sown in 76 cm (30 inch)
rows and 1€.5 cm (6.5 inch) spacings to give a sowing density of 80,000
seeds per hectare (32,000 seeds/acre). An effective germinaticn rate
of 80% resulted in a measured plant population of 64,000 * 8,000 plants/
hectare (26,000 t 3,000 plants/acre).

The crop was planted in a Mfanawatu fine sandy loam soil fertilized
with Amophos 10:18:8 NPK (900 kg/ha), muriate of potash (250 kg/ha) and
urea (170 kg/ha). A further 170 kg/ha of urea was added as a side
dressing prior to flowering. The levels of fertilizer applied were
determined by both soil tests and the need for a large quantity of
good quality silage from the small area of land (see section 1.3.1).

Complete weed control was effected by the use of Propachlor
(4.5 kg /ha) pre-sowing and Atrazine (2.5 kg a.i./ha) post emergent.

Despite the 1969/70 summer drought, the crop was not irrigated,
and was harvested on April 1l4th, 1870, at the dent stage of maturity
with a dry matter content of 33 T 3%. A single row New Holland 717

Maize Chopper was used.
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APPENDIX V

Maize Silage Yield Data

The following data wereobtained by samnling the maize crop four
days prior to machine harvesting. Three samples were taken from
different parts of the crop, each samnle space being 7.6 metres in

length and two rows (1.5 m) in width.

TABLE V.1: Maize plant characteristics

' Characteristics Mean !

1

Height of plants (m) 2.8 *pn i

Number of tillers per plant 1.04 T 0.04 |
Number of cobs per plant 1.5 T 0.1

TABLE V.ii: Dry matter content of plant components

1
' Component DM
Leaf 41.0 + 2.0
Sheath 39.0 T 3.0
S tem 18.5 ¥ 1.0
sl N0

: Ear 60.0

TABLE V.iii: Crop and component yields

Component Mean PM Yield (kg/ha)
20,000 + 2000
Crop
(18,000 * 2000 1bs/acre)
Leaf 3300 * 600
Stem 5200 t 500
Grain 8900 + 1100
| Rest 2400 ¥ 300
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APPENDIX VI

Maize Silage Storape

The finely chonned maize silapa was vacuum packed in two elongated
stacks, designed for comnatabilitv with usage rate (see section 2.2.2).
Single laver, 0.005 cauge, polythene ground sheets; 2.4 m in width, were
used under the silape, and were fastened tc the 0.005 gauge, 3.7 m wide,
nolythene top sheets with vacuum strip seal. Following air evacuaticn,
both stacke were covered with a second similar sheet for comnlete air
exclusion, the first sheet gererally being slightly damaged by the
evacuation nrocess. 4 10 cm layer of earth over both stacks, to maintain
compaction and protect the polythene, comnleted the coverings.

The only maior nroblem encountered was aquickly apparent. The
double layer polythene ton sheet afforded the silage nc protection from
rodents, rats and mice mutilating the nolythene and allowing air entry.
Where possible, the damage to the covers was renaired, hut air exclusion
was far from complete.

While anparent silage wastape was measured at only 20-30% in
cross sections of the stacks, the overall loss of Ary matter as measured
by total Arymatter taken out of the stacks was 40%. Clearly air entry.
facilitatad by rodent ramage, had led tc resniratory dry matter losses
far in excess of that apnarent from residual wastes.

Tt is recommended that if maize silare stacks must be positioned
in rodent infested areas,effort must be made to safeguard this highly
palatable material, in order to nrevent substantial dry matter losses.

The entry of air into the stacks did enable observations to be
made on the shape of stack required for satisfactory maize silage
gtorage. As can be seen in Plate VI.i, the major area of silage loss
was the sides of the stacks. Losses at the top of the stack under the
top sheet were negligible. It is therefore suggested that for
satisfactory storage of small quantities of maize silage in stacks,
these should be shallow with sloping tops and no sides, or low vertical
sides, so as to avoid both poor compaction and bridging by the covers.

For the production of really good quality maize silage there

is no substitute for bunkers or tower silos.



110.

PLATE VI.i: Silage wastage. 4

cross-section of one of the silage stacks
showing the areas of greatest loss.

line had to be discarded.

Material above the white
The negligible wastage at the top

of the stack is as distinctive as the considerable losses on
the sides.
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APPEMNDIX VII

Calculation of Biuret Requirements for 1MSB Treatment

Hitrogen content of biuret 36%

Exnected crudz nrotein content
of maize silage

li

8.7%4 of DM

13.4% of DM

4.7 ky Cr.Prot./100 kg DM
5,757 kg N/100 kg DM
2,103 ke/100 kg ™M

0.021 kg biuret/ks DM Fed

i

Required crude nrotein content

Deficit

Biurat required
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APPENDIX VIII

The Blocking of the T“xperimental Animals

anl their Randonm /4llocation to Treatment Groups

112,

Clazsification of stcers by blocks based on liveweight

folleowing the second week of the standardisation period

Block HNumber 1 2 3 4 5
| L4 6 1 5 8
i Steer
! 7 11 3 | 9 15
i Humber
; 19 14 15 17 16
I
Liveweight rance 234-225 218206 205--191 | 187180 i 178-153
. at time of blockimy{ I e los e e
L H

TABLE VIII.ii:

Pandom allocation within blocks of steers to treatment

croups
52} 15 145B
Steer Number 10 (238 | 7 (225) & (234) i
(Liveveight in kg 5 (218) 11 (203) 14 (206)
at time of alloccation 3 {200y | 13 (191} 1 (205)
in parenthesis) 9 (187) 17 (180) i 5 (180)
15 (163) | 8 (178) | 16 (153
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APPENDIX IX

Analysis of DM Dipestibilitv Data

TABLE IX¥.i: Calculation of within-treatment recressiona of CP

on SP dry matter digestibility data.

Treatment df = Xy y2 b g's df
1 2 127.860 | 7.600 | 2.087| 0.273 | 0.014 1
9 2 7.980 |~6.620 ! 5.687-9.830 | 0,195 1
3 2 |12.827 | 4.200)1.520| 0.327 ] 0.145
A
Pooled 6 |48.667 | 5.180 |9.2041-0.077 | 0.354 3
regression | { !
i i ! 1

The within-group repression lines are shown in Figure IX.1i.

TABLE IX.ii: Analysis of differcnces between within-treatment

regression coefficients

Source of Variation daf ss ms "F

Deviations from Average
Regression 5 8.743

NDeviations from Individual
Recresssions 3 0.354 0.118

Between Rerression
Coefficients 2 8.3%¢ 4,195 35.551**

TABLE IX.iii: Analysis of comnerison period "M divestibility dr%a

by anova usiny model (1)

So luce of Variation af as ms F
Total 8 76.229
T 2 66.935 33.468 21.606%*

Error 6 9.294 1.549
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70 =

68-1

66 =

64 —

CP DIGESTIBILITY (%)

62 =

60—

| ] | I L] |
60 62 64 66 68 70

SP DIGESTBILITY (Yo)

FIGURE IX.i: Within treatment regressions of CP DM digestibility on:
on SP DM digestibility.

O HB A MS @ MSB



TABLE iI¥.div:

treatment meAans

Duncan's Multinle Rangc test of significance betwecen

115.

D 3 2 Level of Significance
Rn x Sg 2.58 2,49 5%
3.97 397 1 %
HB = 677 HB > MS#**
S = 62% "B > MSB#*#*
MEZ = 627 !

TABLE IX.vs

Anova analysis of standarisation period DM digestibility

data, using model (1) to check the validity of conclusions

Arawn from Table I¥.iv.

Source of Variation df ss ms F
Total 8 £2.342

T 2 14.175 7.088 0,864 1S
Error 6 48.667 | &.111
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APPENDIX Y

Analysis of NM Intake Data

TARLE X.1i: Anova analysis of comparison neriod MM intake data (kg/day)

usinz model (2) (entire six week period duration)

Source of Variation df ss ms 5
Tetal 80 { 141.812

T 2 ? 11.45€¢ | 5.728 28.356%*
» 5 29.913 5.983 29,619%%*
R 4 36,497 9.124 45,163%*
T P 10 28,445 2,847 14.,094%*
T x B 3 22,552 2.3819 13,955%%*
2 KB 1 20 4.865 0.243 1.203 NS

‘ 0.292

Error 40 ] 9,064

TABLE ¥.ii: DMR test of significance between treatment means

D 3 22 Level of Sipnificance
Rpxz N.25 0.24 5%
0.36 0.32 17
B S 6.04 HR > MQR**
MS = 5.58 B >MS**
MSR = S My MS >MSB**%

TABLE X.iii: DMR test of significance between peried means

Level of
3 & 8 . - 2 Significance
Rpx&; 0.37 0.36 0.35 0.34 0.33 5%
0.48 0.48 0.47 0.46 0.44 1%
Py = 4.3
|
Py = 5,72
P
“4 = 5.74 P1< P35 P, Py, Po, 6**
12 = 5:75
Ps = 5.99
£ = B
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TABLE X.iv: DMR test of significance between block means

| D 5 & 3 2 |Level of Significance
Vpxsg .33 0.33 0 .82 0.39 5%
o 9,44 0.43 0.42 0.40 1%
B, = 6.28 ' B,>Bg, By, 8,%* B, > B %
R, = 6.090 | B, >RB_*%*%
Z o)
B4 = 5,67 ~
= s B 3 i E X3

B3 5.49 L2:>55,P3, BA
BS = 4,46

TADLE X.v: DMR tesi of significance btween treatment by pericd

sub-group means, shoving the source of the T » P

interaction
i |
o 6 | 5 4 | 253 2
RpxSi | 5% | 0.64 0.63 0.62 0.60 0.57
114 0.85 0.33;  0.82 0.80 0.76
Perind 1 2 3 4 5 6
|
TP HB 5.86 | HB 6.73 | HB 6.44 | H3 5.87|| HB 6.21|| HB 5.13
Sub-Groun| \ .o 3 99 | w5 5.72 | Ms 5.67 | Ms 5.68(| 15 6.0/ MS 6.46]
Means . i
MSB 3.22 [SB 4.80 MSB 5.06 MSB 5.65IMSB 5.74|MSB 6.54 |
I | i




TABLE XT.1i:

ATPENDIX XI

Serial “nalysis of DM Intake Data

Serial analvsis of comnarison period DM intake data

(ke/day) by =ancova using model (3)
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32:?2?122 df xz Xy yz s's df ms ) P
Total 89 | 144.917 | 76.01C 141.812

Y 2 20.006 | 15.123 11.4556

B 5 27,102 | -2.026 25.913

Tix P 10 61.207 | 18.030 28,465 | 43,035 | 19 [4.304 | 18.008%%*
Error 72 36.602 | 44.883 71.978 | 16.941 | 71 [0.239

TABLE XI.ii: DMR test of significance bhetween T x P sub-groun means
5 - S Oal A = = —_ ' - o
adjusted serially using the equation yij Vij b(xij X)
where x = 5.549 and b = 1.226
D 6 5 4 3 2
Rpxsfﬁ» S% 0.70 0.69 0.68 0.h5 £.62
| e 0,97 0.92 .88 C.I8E 0.83
Meriod 1 2 3 5 6
Adjusted H8 5,586 MS 7.,72|[™SR 5.97\MSB £.,22| MS 5.84(|MSB 6.31
gzaz‘s‘b'gm“”wsz 3.62[1MSR 7.66] MS 5.464 MS 5.54| HB 5.82| MS 5.90
MSB 3.24| BB 6.33| HB 4.9 1 HB 4.79(MSB 5.62lf BB 4,32
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APPENDIX XII

Analysis of DM Intake as a Percentage of Liveweight

ABLE XII.i: Annva anelysis .of DM intake data expressed as a percentage

of liveweight, by model (2) mcdified by omlssion of neriod one.

Source of Variation df 8s ns F
Total 74 7.279

T 2 0.361 0.181 6.464%*
P 4 23.125 0.031 1.107 NS
B 4 0.395 0.099 3.536%

™ X iR 8 2.909 0.364 |13,000%**
Tx?3B 8 1.916 0.240 8.,571%%
P x B 16 0.678 C.042 1.500 NS

{ Error 32 0.856 0.023

TARLE XII.ii: ©DTi"R test of significance hetween treatment means

P 8 2 Level of significance
BpXS 0.09 0.09 5%
) | 0,12 0.12 1
R = 2,68 MS >M3BR*
MS = 2,725, H3 >MSB**
MSB = 2.56

TARLE XIT.iii: DMR test of significance between block means

D 5 4 3 2 Level of Significance
Rpxsﬁ- 0.14 | 0.14 0.14 0.13 pé
0.19 0.19 0.13 0.18& 1%
= *k
Bl 2.55 B4:>Bl
= ¢ *
B3 2.53 B6:>B3
B5 = 2mb5
BZ = 2.67
BA = 2.77




APPENDIX XIIY

Analysis of N Retention Data

TABLE XIII.i: Anova analysis of N retention data (g/day) during the

ccmparison period using model (4)

120.

Source of Variation daf ss ms F
Total 3 223.62

T 2 12.81 6.41 0.29 NS
B 2 122.07 61.04 2.74 NS
Error 4 89.04 22.26

TABLE XIII.ii: Anova analysis of M retention data (g/day) during the
standardisation period using model (4)

Source of Variation df ss ms F
Total 8 146.10

T 2 32.97 16.49 1.14 NS
B 2 55.11 27.56 1.90 NS
Error 4 58.02 14.51
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APPENDIX XIV

Analysis of Comparis»nn Period Liveweight Gain Data

TABLE XIV.i: Analysis of CP mean daily liveweight changes by anova
using model (2), modified for neriod effect.

Source of Variation | df ss ms F
Total 29 4,353

T 2 0.038 0.019 0.463 NS
P 1 1.221 1.221 29,7380%*
B 4 0.211 0.053 1.293 NS
TxP?P 2 2,205 1.103 26.902%*
T xR 8 0.614 0.077 1.878 NS
P x B 4 0.235 0.059 1.439 NS
Error 8 0.329 0.041

TABLE XIV.ii: Treatment by neriod subgroup means showing the source of

the T x P interacticen (significance of differences by

DMR test)
Treatment Perind 1 Perind 2
HB (P1> P2*) 0.62 HB > MS** 0.26 HB < MS**
MS (P21>>P1**) 0.10 MS=MSB (*=0.05) 0.93 MS=MSB (P>0.05)
MSB (P2 > Pl*’D .14 MSB < HB** 0.28 MSB >HB**




TARLE XV.i:

APTEND

IX Xv

Serial Analysis of CF Period One

Intermediate Liveweipghts

Serial ancova analvsis of C” neriod one, week one

liveweinhts (kg) using model (5)

122,

Scurce of 2 2 o Uk
Variagien df X Xy y s's | df ms F
Total 14 | 11754.9 | 11693.5 | 12333.7 | 701.3 | 13
T 2 1.7 25.5 433.7 | 384.7 2 (192.4 | €.68%
Error 12 [ 11753.2 | 11668.0 | 11900.0 | 316.6 | 11 28.8
TABLE XV.ii: Adiustment of treatment mean liveweifhts for week one
of CP neriod one, according to liveweight in nreceding
week, using the equation 9} = ;& - b(zi - ;)
where b = 1.00 and x = 213 kg
Treatment vy X, X b(xi - X) 9&
HB 218 0 0 218
MS 208 -1 -1 209
MSR 206 0 6 206

TABLE XV.iii:

DMR test of significance between adjusted treatment means

n 3 2 Level of Significance
Rpxs/y\ 7 7.5 5%
HB = 218 H3 >MSR*
MS = 209 HB > MS*
MSB = 206 MS = MSB (P > 0.05)




TABLE XV.iv: Significance of

reduction in error mean squares due to

123.

regression
Source of Variation af ss ns r
Error for unadijusted means 12 11600.0
Reduction due to regression il 11533.4 11583.4 402 ,2%%
FError for adjusted means 11 316.6 28.3 i

TABLE XV.v: Calculation of within treatment rerrassion coefficients
for testing validity of the analysis summarized in
Table XV.1
2 2
Treatment | df X Xy v b sk df
HB 5142.8 5169.6 5197.2 1.0 0.7 3
“S 4 11829.2 1716.0 1692.0 0.9 82.2 3
M5B 4 | 4781.2 4782.4 5010.8 155 227.2 3
EeCLC 12 11753.2 111663.0 [11900.0 | 1.0 | 310.1 | 9
Regsression |
TABLE YV.vi: Analysis of differences hetween within treatment
ragression coefficients
Source of Variation df ss s T
Deviations from averase regression 11 21A.6
Deviations from individual regressions 9 310.1| 34.5 | C.1 NS
Between regression coefficients 2 ) 3.3




APPENDIX XVI

Analysis of CP Liveweight Gain Data

Adjusted for DM Intake ner 190 kg Liveweight

TABLE XVI.i: Ancova analysis of C? liveweight gain data adjusted
for DM intake per 100 kg liveweight using model (6)

124,

Source of 2 2 ;
Variation af X XV y ss af ms T
Total 2§ 3.425 2.872 4,853 2.445 28

T 2] 0.533 ([-0.097 0,038 0.673 2 0.335 4,985%
Error 27 2.892 2.969 4,815 1.767 26 0.063

TABLE ¥VI.ii: Adjustmént of CP treatment mean liveweipght gains for
DM intake per 100 kg LV using the cquation
92 = ;i = b(;i - X) where b = 1.03 and x = 2.54

Treatment Y4 (Qi - x) b(?& - %) @l
HB 0.44 0.14 0.14 0.30
MS 0.52 0.94 0.04 0.48

MSB 0.51 ~-0.18 -0.19 0.70

TABLE XVYI.iii: DMR test of significance for differences between

adjusted trecatment means

n 3 2 Level of Significance
Rpxs@‘ 0.24 0.19 10%
0.24 0.23 5%
HB = 0.30 HR << MSB#*
MS = 0.48 HB3 = MS (P >0.10)
M5B = 0.70 MSB >MS (P<< 0.10)
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TABLE XVI.iv: Significance of reduction in error mean squares due

to regression

Source cf Variation dr SSs ms v

Error for unadjusted means 27 4,815

Reduction due to regression L 2.042 3.048 44.8 (»<<C 0.001
Error for adjusted means 26 1.767 0.068

TABLE XVI.v: Calculation of within treatment repression coefficients
for testing validity of the analysis summarized in

Table XVI.i (see Figure XVI.i)

5
Treatment | df x2 Xy v© b s’ df
HB 9 | 0.531 | 0.504 | D.699 | 0.95 | 0,221 8
M& $ | 6.531 | 0.815 1.88¢9 1.53 | 2.638 8
MSB 9 1 1.830 | 1.649 2,227 | 19.90 7} 0.723 8
Pooled

s 27 2.892 2.9648 4,815 1.03 1.582 24
Reoression

TABLE XVI.vi: Analysis of differences betwezn within treatment

rarression coefficients

Source of Variation af 8s ms B
Deviations from averape regression 26 1.767

Deviations frcm individual regressions| 24 1.582 N.066 | 1.409 NS
Between regression coefficients 2 N0.185 0.093
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APPENDIX XVII

Estimation of Variance Components for Liveweight Gain Data

TABLE XVII.i. Expected and recorded mean squares for liveweight gain
anova, using model (2) converted from a fixed effects to a

random model.

Source of Variation| df | EMS | us
=8 5 0 2 7] -
| T 2 joe ! OTPB+pO' TB+bcr TP+pbo T 0.01
i
2 2 2 2
‘ + .2
P 1 J°e+°TPB+t°PB bo* p + tba", 1.221
B 4 02 + 02 + oq + to + t 02 0.053
e PR © P° 4B pg © ‘PY 3
i
| 2 2 2
2 d - b
L 2 91 T qgpp TP p 1.103
|
: 12 .. 2 2
o 0) &
TXB 8 1oe + 0 mpp T PO TR 377
| PXR 4 02 + c)2 + t02 0.059
‘ e TPB PB
E 8 2 + 2 0.041
Error O, + 0 rpn .

Computation of the variance component due to the main treatment

effect T
sz=l(ms - ms - ms + ms )
T 10T TXP “TXB Error
= - 0.112
s, 2 l(ms )
™ -~ 5 TXP ~ ™Epror
= 0.212
s 2 -y (ms ms )
™ 2 TXB Error

"
o
.
o
[are
Q@

2 o . 2 2
sE is assumed to contain both S and sTPB

ve 8 = 0.041
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Estinated variance of treatment mean T after increasins the
number of steers ner treatmean: (hlocks) Ly 2ne

83 = 0,041 + 0.035 + 1.272 - 1.344

= 0.005
Peduction in variance of 'T = 0,034
Rotimated variance of itveatm:nt mean T after increacing
rerliod number by ona.
S = 0.041 + 9.054 + 1,870 - 1.£20

-
= .-0,.525

<

=~ PO

Paduction in wariance of T = 0.564
Estimated wariance of treatment mean T after douhling steer
numb ey ner treatment
3 0.041 + 0.035 + 2,120 - 2.247

S
= ~0.543

f

T

}

Reduction in variance of T = 0.084,
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APPENDIX XVITI

Analysis of Oven DM Determination Data for Maize Silage

TABLE XVIII.i: Analysis by two-viay, tyne I anova of maize silage DM

determination data - effect of samnle size (S = 300,
200 or 10C g) and length of

(L = 24 or 48 hours)

oven-drying time

Source df ss ms F
Total 63 1278.0

S 2 134.5 67.3 3.80%

L 1 53.3 53.3 3.01 (10%)
S & 2 2.1 31.1 1.76 NS
Error 58 1028.1 iLi7e N7

TABLE XVIII.ii: DMR test of significance between S and L means

n 3 1 2 ILevel of Siegnificance
RpxS§ 8.13 2.917 57
RpxSE 311 2.48 10%
B ?nxsf | 1.75 10%
Samnle Size (S) 300 > 100%*
300 =200 (<< 0.10)
Oven Time (L) 24 =48 (P <<0.10)

TABLE XVIII.iii: Analysis by one-way, type I anova of data showing the
effect of sample size on differences between 24 and

48 hours oven-drying

Source df ss ms F
Total 20 219.770

S 2 128.430 64.215 12.656%*
Error 18 91.340 5.074




TABLE XVIII.iv: DMR test of significance between sample size means

Level of Significance

2.64
3.59

2.51
3.42

300 >>100, 200%*

130.



TABLE XIX.1i:

Analysis of Biuret Utillsation Data

APPENDIX XIX
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Anova analysis of CP faecal true protein output expressed

as a nercentage of true nrotein intake, using model (1)

: )
Source of Variation f df ss ms F 5
Total l 3 8961 l

T g 2 8529 4265 59.,24%%

{ Error | 6 432 72

TABLE XIX.ii:

DMR test for significant differences between treatment

means
D 3 2 Level of Significance
SEan 17.4 13.5 10%
27.0 2:5r/, 17%
HB = 31% MSB = HB**
MS = 91% MSB = MS (P > 0.10) |
‘ MSB = 100% MS > HB**
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