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Two groups of 10 Border Leicester ram lambs ( LGR lambs: 10 weeks old; 22.7 ±0.59 kgLW) were 

grazed on irrigated and N fertilised pastures of Grasslands Puna chicory (Puna) and Wana cocksfoot 

(Wana) over a six week period. Both pastures were maintained as vegetative, pure species swards 

and offered in weekly subdivisions at high herbage allowances of 12.5 to 15 kgDM/lamb/day. 

Liveweight of the lambs was recorded weekly and pasture intake was estimated in week 3 from 

dilution of two faecal markers, chromium oxide (Cr 203) and ytterbium (Vb) acetate, and in vitro 

digestibiltiy measured from oesophageal extrusa samples. 

Another two groups of 6 lambs each, each lamb fitted with rumen and duodenal cannulae (SOD 

lambs) were co-grazed on Puna and Wana from weeks 4 to 5 to measure digesta flow and nutrient 

supply at the duodenum. Chromium ethylene diamine tetra-acetic acid (Cr-EDT A) and Vb acetate 

were used as solute and particulate phase digesta markers, respectively (Faichney, 1975; Siddons 

et al., 1985). The digesta markers were infused continuously into the rumen using portable battery 

powered peristaltic pumps and sampled following the procedure of Faichney (1975, 1980) to 

measure digesta passage and site of nutrient digestion. 

LWG (g/d) of LGR lambs grazing Puna (273 ± 24.3) was significantly greater (p <0.05) than for 

lambs on Wana (205 ± 9.9) over the six week period. Herbage ingested was about 90% leaf on 

both pastures and the chemical composition (%DM) was 81.5 and 89.4 OM, 34.9 and 48.1 NDF 

and 2.6 and 3.6 N, and the in vitro OM digestibility was 72.6 and 74.2% for Puna and Wana, 

respectively. However, the digestible OM intake (DOMI) and the nitrogen intake (Nil was lower 

(p<0.05) on Puna (16.1 and 0.71 g/kgLW/d) than Wana (26.7 and 1.39 g/kgLW/d), and did not 

explain the difference in the LWGs obsevered. The original DOMI of Puna was equivalent to 6.7 

MJ ME/d, which is inadequate even for maintenance (zero LWG) of a 25 kg lamb at pasture (Geenty 

and Rattray, 1987). The LWG of lambs and ME intake (11.2 MJ/d) on Wana compares well with 

the standard requirements (14.5 MJIVIE/d) for growth rates of 200-300 g/d for 25 kg lambs grazing 

pasture (Geenty and Rattray, 1987). 
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The low ME intake on Puna suggested that pasture intake may have been underestimated. OM 

intake of Puna measured using faecal output from dilution of Cr20 3 (29.8 g/kgLW/d) was similar to 

that of Vb acetate (31.0 g/kgLW/d). Recovery of both markers was high within pasture treatments 

(Puna: Cr 93.8%, Vb = 107.8%; Wana: Cr = 97.1%, Vb ::: 92.6%) and were corrected for 

100% recovery to determine faecal output. The other possible source for error in intake estimation 

was the use of a single in vitro digestibility value obtained from oesophageal extrusa samples 

(McManus, 1981), that the in vitro OMD of extrusa sample was> 10%age units lower compared 

to the most edible parts (leaves and stem above 50 cm: 83% OMD) of Puna. The original Puna data 

(viz. DOMI) was revised by correcting for the low in vitro digestibility of the oesophageal extrusa 

sample. The difference between the revised DOMI of Puna (680 g/d) and Wana (716 g/d) was less 

than 10%, and the former was equivalent to an ME intake of 10.6 MJ/d, acceptable for good lamb 

growth rate (Cruickshank, 1986). 

Notwithstanding possible error of the original intake estimate, data on digestion characteristics and 

site of digestion suggested a higher post-ruminal digestion of Puna than Wana, which is consistent 

with high growth rate in lambs grazing pasture (Cruickshank, 1986), Digestible OM apparently 

digested in the rumen (DOMADR) for Puna was 0.51 ±0.018, significantly lower (p<0.05) 

compared to Wana (0.70±0.042). The revised data for Puna however showed a similar DOMADR 

(0.70) as for Wana, suggesting a better nutrient supply for Puna associated with a higher outflow 

(p <0.05) of the liquid fraction of digesta (20.2 ±4.4 lid) compared to Wana (8.5 ± 1.22 lid). Thus 

although NI of Puna was lower than Wana, the duodenal non-ammonia N (NAN) flow was similar 

on both pastures (0.951 and 1.098 gNAN/kgLW/d, respectively), perhaps due to a more efficient 

N use and microbial protein yield on the Puna diet (Ushida et ai, 1986). Subsequently, the N loss 

(asammonia-N across the rumen) for Puna was only upto 23% of N intake (ie. revised; 2% originall, 

much lower compared to a 39.0% N loss on Wana which was expected of fresh temperate pasture 

(Poppi et al., 1988). The greater loss of dietary N on Wana was consistent with a high mean rumen 

ammonia-N concentration (312.8 mg NH3-NIIl, twice as high (p<O.Ol) compared to Puna (155.9 

mg NH3-N/I). Site of digestion estimates from the SOD lambs were applied to apparently digestible 

OM (DOMI) and N (Nil intake of LGR lambs to estimate nutrient supply in terms of balance of 

protein to energy supply to explain the growth of the latter mob of animals. 

The significantly higher DOMI (p < 0.01) and duodenal NAN supply (p < 0.05) on Wana (716.16 and 

22.8 g/d, respectively) compared to Puna (original estimates of 428.8 and 18.7 g/d, respectively) 

should have resulted in a higher LWG on Wana, or at least an equal LWG as on Puna. Even the 

revised DOMI of Puna was lower than Wanat however the revised NAN supply (30.7 g/d) of Puna 

was greater by 30% compared to Wana (22.8 gNAN/d). The ratio of NAN:DOMI of Puna (45.1 

g/kg, revised) and the corresponding lamb LWG (273 g/d) therefore compares with a balance of 
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nutrient supply and lamb growth performance on fresh grasses (41.0 g/kg and 227-230 g/d, 

respectively) and legumes (45.0 g/kg and 308-321 g/d, respectively) previously evaluated at Lincoln 

(Cruickshank, 1986). The ratio of NAN:DOMI on Wana (31.9 g/kg) suggest that of this basis, its 

nutritive value is lower compared to other grasses for high post-weaning lamb growth rate. 

The low LWG relative to DOMI or ME intake (11.2 MJ/d) on Wana compared to Puna, suggests a 

low efficiency of ME use for lamb growth on Wana pasture. Energy required for conversion of 

ammonia (equivalent to the difference between NI and NAN flow at the duodenum of LGR lambs) 

and its excretion as urea, represented a loss of available ME (MJ/d) by 0.84% on Puna and 2.52% 

on Wana. The high energy cost for removal of excessive ammonia production could have 

contributed to the low efficiency for LWG of lambs grazing good quality Wana pasture. Otherwise, 

the ratio of gNAN:kgOMADR of Wana (45.5) was only 0.6 that of Puna (77.1) and was the lowest 

value for grasses reported in literature to date, indicating that efficiency of rumen microbial protein 

synthesis for Wana was probably lowest among pasture herbages. 

It was concluded that the superior lamb growth rate on Puna over Wana was related to a higher 

flow rate of the liquid digesta fraction and subsequently a more efficient capture of dietary Nand 

a higher NAN supply at the duodenum relative to DOMI. This was indicative of a better balance of 

nutrient supply (protein:energy) and a higher efficiency of ME use for lamb growth on Puna. A 

recommendation that future work should include assessment of body composition changes may 

further elucidate the effect of site of nutrient digestion and supply on efficiency of ME use for lamb 

growth on Puna and Wana pasture. 

Keywords: lamb growth, chicory, cocksfoot, liveweight gain, nutritive value, intake, digestibility. 
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CHAPTER ONE 

GENERAL INTRODUCTIOI\l 

Efficient use of pasture in intensive grazing animal production systems is important if New Zealand 

is to remain competitive on the world market for its products of lamb, mutton, wool, beef and dairy 

goods. New Zealand is renowned for its major advances in the development of effective pastoral 

livestock systems. This is based to a large extent on highly productive grass and legume (viz. 

ryegrass/white clover) pastures. Animal management innovations have also been essential to 

increasing the efficiency of pasture utilisation, such as in early weaning to divert more digestible 

herbage to the lamb rather than the ewe (Jagusch et al" 1970 and 1971; Rattray et al., 1976; 

Cruickshank, 1986). 

However, recent work in New Zealand (Barry, 1981; Poppi et al., 1988) and elsewhere (Storm and 

Orskov, 1984) have shown that even utilisation of high quality legume and grass pastures can be 

further enhanced if excessive degradation and N loss through rumen digestion can be prevented or 

corrected with protein supplements. Defining such nutritional constraints of pasture could assist 

in plant breeding for further improvement, in this case to provide an adequate and balanced supply 

of essential amino acids post-rumen (Fraser et al., 1990). 

Development of new and improved cultivars of pasture and forage species has traditionally provided 

the basis for New Zealand's competitiveness (Lancashire, 1985). This is still relevant, for instance, 

increased productivity of marginal lands of high and hill country farming systems can be achieved 

through exploiting the forage potential of lupins (Scott, 1989; Kitessa, 1992). In the South Island, 

pasture production declines during the dry summer months and is associated with the prevalent 

poor lamb growth rate (Everest and Scales, 1983). The corresponding progress of plant maturity 

into summer also excercabates the nutritional constraints to high lamb growth as herbage 

digestibility and quality declines (Waghorn and Barry, 1987). 

Higher yielding forage species and cultivars are being evaluated as a means to alleviate the problem 

of low summer lamb growth. Wana cocksfoot is one such cultivar of Dactylis glomerata. It is 

relatively drought tolerant and capable of maintaining high dry matter production later into summer 

(Hume and Fraser, 1985), although information on its nutritive value for lamb growth is lacking. 

Grasslands Puna chicory (Cichorium intybus) is another forage being evaluated as a bulk summer 

green feed (Rumball, 1986). It has shown high DM yield in summer and preliminary grazing trials 

showed potential for producing high lamb growth rates (Fraser et al., 1988). 



2 

Understanding the plant-animal interaction (Minson, 1983) is fundamental to forage evaluation for 

increasing the efficiency of pasture utilisation and animal production. Important aspects relate to 

effects of herbage composition on digestion characteristics and nutrient supply and utilisation as 

described for lamb growth on pasture by Cruickshank (1986). The current review of literature 

attempts to highlight these aspects within the overall context of nutritive value of pasture herbages. 

The experimental work was designed to evaluate the nutritive value of Grasslands Puna chicory 

(Puna) and Wana cocksfoot (Wana) at high pasture allowance for lamb growth in the late 

spring/summer season in Canterbury. 

The specific objective of the current work was: 

1. To compare post-weaning liveweight gain (LWG) of lambs grazing Puna and Wana, 

2. To measure pasture intake and nutrient supply to explain differences, if any, in the 

post-weaning lamb LWG, and 

3. To study the digestion characteristics and nutrient supply of these two new pastures 

for weaner lamb growth. 
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CHAPTER TWO 

LITERATURE REVIEW 

1 Introduction 

Animals grazing pasture rarely achieve their genetic potential for meat, milk or wool production. 

Nutritional constraints on good quality temperate pastures are generally accepted to be related to 

nutrient imbalance, particularly due to limiting or insufficient amino acids supply (Hennessy et al. 

1981; Barry, 1981; Poppi etal., 1988). Potential lamb growth may be as high as 500 g/d, however 

grazing lambs seldom achieve growth rates over 350 g/d (Black, 1990). Cruickshank (1986) has 

discussed the factors that limit the ability of young lambs to obtain adequate nutrients relative to 

requirements for maximum growth, from pasture. The important constraints pertain to herbage 

composition and particular digestion characteristics for optimum yield of nutrients for absorption. 

These are areas of consideration for evaluation of forages to improve their utilisation for maximum 

animal production. 

2.1.1 Evaluation of pasture forages 

Forages are plants or plant parts consumed by grazing livestock and game animals, or harvested 

and fed to animals. Pasture generally refers to 'domesticated' forages, usually improved and 

cultivated, on which animals are grazed (Barnes, 1981). Evaluation of pasture forages is integral 

to effective forage utilisation in the development and improvement of grazing animal production 

systems. Standardised protocols for thorough evaluation of forages are available (Mochrie et al., 

1981). A meaningful system for forage evaluation requires integration of plant and animal sciences 

within a comprehensive mUlti-disciplinary approach as described by Wilson (1985). 

Reed (1987) identified four main characters of pasture forages that require evaluation during stages 

of screening, selection, breeding, and during utilisation by the animal. These are: 

(1) pasture growth or herbage yield, 

(2) persistence (under grazing and/or climatic effects), 

(3) seed production, 

(4) nutritive value. 

The first three areas are discussed in depth by Reed (1987). They relate primarily to agronomic 

aspects at the plant/sward level. Evaluation for nutritive value demands a sound understanding and 

appreciation of the plant-animal complex in order to discern the factors that contribute to a 
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particular animal production performance (Minson, 1983; Marten, 1985). 

Animal performance is the ultimate measure of quality and nutritive value of a forage (Minson, 

1981 a and 1983; Robbards, 1981). Nonetheless a meaningful investigation should partition the· 

various factors that may affect animal performance into components that are definitive and can be 

measured (Figure 2.1). 
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Figure 2.1: Plant and animal factors that contribute to the feeding value of forages. 

mentol 

NB: parameters listed 1#) are not comprehensive but have relevance to the experimental work of this thesis 

(adopted from Marten, 1985) 

Liveweight gain of weaned lambs on pastur'e is the animal production performance parameter of 

concern in the experimental work of this thesis. The literature review discusses nutritive value with 

reference to herbage composition and the characteristic digestion and supply of constituent 

nutrients important for lamb growth on pasture. The principles and techniques for measuring intake 

and digestion parameters in animals grazing pasture are also outlined as they are essential to the 
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development and definition of concepts and components of nutritive value of pasture forages. 

2.1.2 Definition of terms and concepts of nutritive value 

The terms 'feeding value' and 'nutritive value' are at times used inter-changeably, although their 

respective definition by Ulyatt (1973) does distinguish between them and is practically convenient 

and useful (Pappi, 1983). The 'Feeding Value' of a forage species or herbage fraction is the animal 

production response to the particular herbage (total consumption) expressed in units such as 

liveweight gain (LWG) per day (gLWG/d). 'Nutritive Value' is defined as the response per unit of 

intake, i.e. gLWG/kg dry matter (DM) intake (Ulyatt, 1973). As such, nutritive value is more 

descriptive of the feed type for it encompasses nutrient composition of the feed, the digestion of, 

and efficiency with which the nutrients are utilised for maintenance and productivity (Ulyatt 1973, 

Marten, 1985). 

2.2 Nutritive value of pasture forages 

The definition of nutritive value (Ulyatt, 1973; see above) is basically one of quantifying the supply 

of nutrients per unit of feed intake to determine or predict animal responlie, and conveniently avoids 

discussion of parameters concerned with pasture intake (Pappi, 1983). Assessing forage quality 

from a intake perspective has been well reviewed by Hodgson (1982), Minson (1983) and Hughes 

(1983). The main indices of nutritive value of concern are digestibility, site of digestion, and the 

balance of nutrients supplied to animal tissues. 

Knowledge of the constituent fractions that compose plant material and subsequent end-products 

of their digestion is fundamental for a definitive understanding of forage nutritive value. The study 

of digestion through the ruminant digestive tract should show differences in nutrient supply which 

total tract digestibility estimate do not reveal. Therefore additional indices of nutritive value 

suggested are the form of metabolisable energy (ME) absorbed, and the quality of protein or more 

specifically the constituent of amino acid supply (Pappi, 1983). These indices of digestion explain 

variability in animal performance not consistent with total tract digestibility values. 

The major nutrients of concern for lamb growth on pasture are energy and protein (Cruickshank, 

1986). Pasture feed planning is dependent on energy requirement whether it be of carbohydrate 

or protein source (Milligan et al., 1987), whereas other nutrients viz. minerals are assumed to be 

adequate on cultivated pastures for the periods of weaner lamb growth such that mineral 

supplementation is not common. 
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2.2.1 Composition of herbage dry matter 

Nutritive evaluation of forage herbages depends on a reliable system of analyses. Ideally, the 

measured fractions should constitute nutrient entities which reflect the degree of availability of 

components by the animal own digestive processes. There are many systems; the main ones will 

be viewed. 

a). Proximate analysis 

The conventional Weende system proposed in the mid-1800's for the proximate analyses of foods 

and feeds partitions feed DM into five fractions. These are (as %DM); ash (mineral content)' crude 

protein (CP: N x 6.25), ether extract (EE: lipids), crude fibre (CF) and the nitrogen-free extract (NFE: 

100 - (ash + CP + EE + CF)). A fundamental limitation of these proximate analyses is the division 

of carbohydrates into CF and NFE and the assumption that these are respectively indigestible and 

digestible fractions (Barnes, 1973; Van Soest, 1982). Preparation of the CF fraction inconsistently 

solubilises lignin, hemicellulose and even the recovery of cellulose maybe incomplete (Van So est, 

1982); thereby adding substantially to the cumulative errors of all other determinations contained 

in the NFE fraction. 

b). Detergent fibre analysis 

Major developments in systems of fibre analysis, especially in the field of ruminant nutrition, have 

aimed at replacing the Weende CF fraction (Van Soest and Robertson, 1980; Van Soest, 1982). 

Van Soest's (1966) system of feed analysis based on the use of detergent solutions, was a great 

improvement on the proximate system of analysis. According to this method, herbage DM is 

partitioned into two major fractions; the cell contents (CC) and the cell wall constituents (CWC) 

which basically are soluble or insoluble (residue) fractions, respectively in a neutral detergent 

(sodium lauryl sulphate) solution. The CWC are mainly recovered in neutral detergent fibre (NDF) 

(Van Soest, 1982). Further treatment of NDF with a acid detergent solution (Van Soest, 1963) 

leaves an acid detergent fibre (ADF) residue primarily consisting of lignin and cellulose and is a 

major step in preparation of lignin (Van Soest and Wine, 1967; Goering and Van Soest, 1970). 

These earl fer procedures of detergent fibre analysis have been comprehensively updated recently 

by Van Soest et al. (1991). 

c). Fresh vs. conserved forages 

Water constitutes the bulk of fresh herbage feeds and should be appreciated when differences in 
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nutritive value between fresh and conserved forages are considered. The volume of water could 

affect digestion and nutrient availability (Macrae and Ulyatt, 1974) and particular attention is drawn 

to the component of intra-cellular water by Phillipson (1976 cited by Mertens and Ely, 1983). 

2.2.1.1 Cell wall constituents (CWC) 

The cell wall gives structure to the plant and constitutes the total dietary fibre. The major cell wall 

constituents are cellulose, hemicellulose, lignin, cutin, elastin (fibre bound protein) and silica (Van 

Soest, 1985). The analysis and recovery of CWC in the different fractions of the detergent fibre 

scheme of analysis is outlined by Van Soest etal. (1991). Digestion of CWC (Le. the structural 

carbohydrates, cellulose and hemicellulose) is completely dependent upon enzymes secreted by 

micro-organisms resident in the reticulo-rumen and the caecum-proximal colon. The extent of cell 

wall digestion is limited by the effects of lignification, cutinisation and silification (Van Soest, 1982). 

Cellulose is found as microfibrils held together by strong inter- and intra-molecular hydrogen bonds 

within a armophous matrix comprised largely of hemicellulose and lignin (Bailey, 1973). The 

chemistry and biosynthesis of qellulose and hemicellulose is described by Bailey (1973). The 

biosynthesis of lignin, an inert complex polymer of phenyl propane derivatives, and its intimate 

association with and possible mechanisms in inhibiting digestion of the structural carbohydrates, 

are comprehensively discussed by Van Soest (1982). The limiting effects of cutin and silica may 

be more physical as cutin is found as a wax-like cov~ring (linked to lignin) on leaf, and silica is 

found as an encrustation layer on the cell wall (Van Soest, 1985). 

2.2.1.2 Cell contents and soluble carbohydrates 

The cellular contents comprise the bulk of the herbage protein, starch, sugars, lipids, organic acids 

and soluble ash. These components are free from the effects of lignin or encrusted cell wall and 

are almost totally available to digesting organisms (> 98%, Van Soest, 1982). They are soluble 

in hot neutral detergent; this definition is also including some soluble cell wall carbohydrates, viz. 

pectic substances (e.g. pectin) which appear to function as inter-cellular cement (Bailey, 1973). 

Van Soest et al. (1991) defines all carbohydrates soluble in neutral detergent as non structural 

carbohydrates (NSC) with a further distinction for non-starch polysaccharide (NSP) which is NSC 

minus sugars and starch. Pectin is the major NSP and is completely digested as are sugars and 

starches except that its fermentation is similar to cellulose and hemicellulose in not yielding lactic 
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acid. Pectins are much more important in fruits than in leafy tissue (Bailey, 1973), but may be 

significant in some tropical legume forage (Norton, 1982). The important NSC in herbages are 

therefore the major soluble carbohydrates; glucose, fructose, sucrose, starch and fructosans 

(Norton, 1982). The water soluble sugars viz. glucose, fructose and sucrose, and fructosans are 

readily available sources of fermentable energy for micro-organisms in the rumen, consequently 

forages with high levels of soluble carbohydrates are usually highly digestible. Solubility of starch 

in water varies with its amylopectin content and is less easily digested in the rumen (Norton, 1982). 

Fermentation of carbohydrates by microbial enzymes yields volatile fatty acids, (principally acetate, 

propionate and butyrate), adenosine triphosphate (ATP), methane and water (Van Soest, 1982). 

VFAs are absorbed as the major source of energy by the animal on forage diets; the microbes utilise 

A TP for maintenance and growth while methane represents a loss of digestible energy (Moe and 

Tyrrell, 1973). 

2.2.1.3 Herbage nitrogen 

The nitrogen in herbages, when represented by the 'crude protein' fraction includes protein (N) as 

well as non protein N (NPN). Crude protein is traditionally derived from total N multiplied by a factor 

of 6.25 based on the general assumption that protein is a major constituent (75-85% of N in feeds) 

(Lyttleton, 1973). 

The NPN in fresh herbages consist primarily of free amino acids, nucleic acids and nitrates largely 

found in the cellular contents and completely available to rumen microbial digestion. Some NPN 

may be associated with the cell wall as lignified N, about 5 - 10 % of which is amino acid N (see 

Hogan and Lindsay, 1979). Cell wall protein, (viz. elastin, necessary for cell elongation) represents 

only 1-2 % of total herbage protein ( Brady, 1976; Norton, 1982). N associated with the cell wall 

is largely indigestible and unavailable (Van Soest, 1982). Hogan and Lindsay (1979) found that 

digestion of cell wall nitrogen of mature and immature forage in the stomach and ileum of sheep 

was negligible (4-5%) and had little effect on quantity of non ammonia-N leaving the two respective 

sites. 

The available herbage protein is therefore derived mainly from the protein associated with 

chloroplast (65-70%) and the cytoplasm (25%) (Mangan, 1982; Norton, 1982). Cytoplasm protein 

is a complex mixture but is soluble in water. About 40 % of the chloroplast protein is membrane 

protein insoluble in water. The soluble fraction (about 50%)' consists largely of the enzyme ribulose

l,5-phosphatase carboxylase, common to all plants (for photsynthesis) and has a high biological 
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value (Brady, 1976). 

Evaluating feed protein quality is not as necessary for ruminant as it is for non-ruminants. Firstly, 

almost all available plant protein amino acid composition varies little between plant species (Brady, 

1976)' and secondly but of more significance is the rumen microbial activity in degrading and 

modifying dietary protein. Consequently, crude protein or digestible crude protein is quite inadequate 

in quantifying supply of protein and amino acid N to the animal. This was recognised in the review 

of the ARC (1980) for feeding standards of ruminants and subsequently more definitive terms such 

as 'rumen degradable (RDP)' and 'undegraded dietary protein (UDP)' and the supply of non ammonia 

nitrogen (NAN) to the small intestine was proposed (ARC 1984) as a more meaningful parameter 

for assessing protein supply of ruminant feeds. 

2.2.1.4 Variation in herbage composition 

A great contrast in herbage DM composition can be observed between grasses and legumes. 

Firstly, legumes maintain a relatively constant and higher N content due to their ability to fix 

atmospheric N (Mangan, 1982). The 1\1 content of grasses are generally lower than legumes and 

tend to decrease more rapidly with plant maturity (Mangan, 1982; Norton, 1982). 

a). Effect of maturity on composition 

Mangan (1982) has related the effect of maturity on fo(age composition to proportions of leaf and 

stem using lucerne and ryegrass as representative of a legume and grass, respectively. As lucerne 

matures, the proportion of stem increases from about 28% to 60% of the plant and the structural 

carbohydrate increases from 11 % to 45% of the dry weight. The crude protein of stem decreases 

from about 21 % to 9% of DM at early flowering. The leaves become a smaller proportion of the 

plant with maturity but the composition remains relatively constant. The CP content decreases from 

about 33% to 24% of DM and the structural carbohydrates increases from 12% to about 18%, 

with no significant increases in lignin. Grasses show a similar trend, although greater differences 

in stem:leaf proportion appear with maturity. 

With ryegrass the proportion of stem increases from 5% to over 60% of the plant with maturity 

(Mangan, 1982). A corresponding increase in structural carbohydrate goes from 37% to 52% at 

seed setting and the CP content decreases from about 19% to 10% of dry weight. 

b). Other effects on herbage composition. 
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A particular effect on herbage composition due to season, distinct from effect of maturity, is evident 

in grasses. Beever et al. (1978) found in spring-harvested grass a higher content of soluble 

carbohydrates and lower content of protein compared to autumn-cut herbage from the same sward. 

A similar observation for legume pasture was made with clover (Waghorn and Barry (1987)). 

Latitude differences in herbage composition is greatest in grasses whilst the difference between 

legume and grasses (viz. N content) remains constant as shown in data compiled by Minson (1982). 

Temperate and tropical legumes are similar in composition and have a considerably higher CP 

content (15-18 %) than grasses with a median 6-9 % CP level. For grasses, most tropical species 

are biased towards low protein content with values below 6% CP which is inadequate for animal 

production (Minson, 1982). 

c). Differences in herbage composition and its utilisation 

Generally the N content of temperate grasses and legumes under good management and fertilizer 

is not limiting during vegetative growth for the ruminant animals requirement (Minson, 1981 b; 

l\Iorton, 1982). It is the high soluble 1'1 content of fresh forages (Mangan, 1982) that is of concern 

due to its high degradability in the rumen (Waghorn and Barry, 1987). The most important 

differences pertain to the CWC and its effect on digestibility. 

Table 2.1 shows the proportion of CWC of representative legumes and grasses (Van Soest, 1982). 

Legumes generally have a lower CWC than grasses, but the legume cell wall is highly lignified. At 

the same digestibility, the lignin content of legumes is about twice that of grasses (Van Soest 1964 

and 1982). The higher lignification of legumes result in a proportionally lower hemicellulose content 

and a lower ratio of hemicellulose to cellulose compared to grasses (Table 2.1). The apparent 

digestibility of hemicellulose and cellulose in legumes (white clover: 77.9% and 89.3%) is lower 

compared to grasses (ryegrass: 89.2% and 94.5%); a significant difference (Egan and Ulyatt, 

1980). 

The ratio of hemicellulose to cellulose per se within grass or legume does not seem to affect cell 

wall digestibility (Norton, 1982). In grasses, the difference in rates of digestion for cellulose and 

hemicellulose is small and moreover, the proportion of digestible hemicellulose digested in the 

stomach (80 - 90%) is similar to digestion of cellulose (Minson, 1971; Ulyatt and Egan, 1979). This 

reflects the greater effect of lignification on cell wall digestibility because pure cellulose and 

hemicellulose have a different solubility and digestibility when they are isolated (Van Soest, 1982). 

Lignin content is probably the single most important (negative) factor in determining cell 
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Table 2.1: Proportion of hemicellulose (H), cellulose (e) and lignin in the cell wall of legumes 
and grasses. (adapted from van Soest, 1982) 

cell wall content H e Lignin Ratio H/e 
(%DM) 

Legumes: 

Medico sativa 51 22 56 21.7 0.39 
leaf 20 30 51 18.2 0.58 
stem 54 17 64 19.2 0.26 

Trifolium spp. 
T. repens 28 14 68 17.6 0.21 

T. pratense' 66 26 59 15.1 0.44 

Temperate grasses: 

Dactylis glomerata 55 45 45 7.5 0.85 

Phleum pratense 57 45 49 4.9 0.92 

Subtropical/tropical 
grasses: 

Cenchrus 66 53 37 7.7 1.43 
leaf 65 60 35 5.8 1.75 
stem 80 42 45 12.8 0.94 

Digitaria decumbens 
leaf 68 38 ,48 11.1 0.81 
stem 68 38 50 12.9 0.76 

70 37 49 17.2 0.75 
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wall digestibility of forages. 

Differences in digestibility of different plant parts are also associated with the effects of lignification. 

The cell wall content of leaves is usually lower than that of stem, with the difference being greater 

in legumes. However, the proportion of lignin content in the cell wall of legumes is about the same 

in leaf and stem (e.g. lucerne, Table 2.1) whereas in grasses, the stem cell wall can contain upto 

twice the lignin content of leaf. There is therefore little difference in digestibility of leaf and stem 

fraction of legumes while differences for grasses are much larger (Van So est, 1982). 

Furthermore, lignification of leaves and stem of grasses progresses with age and maturity whereas 

leaves of legumes remain at an almost constant composition (Van Soest, 1982). The variation in 

chemical composition of herbage and therefore nutritive value may depend on the proportion of leaf 

and stem present in the sward and most importantly in the diet selected. 

2.2.2 Digestibility 

Digestibility (D) is the proportion of feed consumed that is available to the animal, and is defined 

as: 

where; 

F 
D = x 100 (Equation 2.1) 

Intake of feed OM or component such as organic matter (OM), energy, NDF, etc., and 

F = corresponding output in faeces 

It is appropriately referred to as 'apparent' digestibility since matter of endogenous origin (gastro

intestinal tract secretions and sloughed cells) can not be distinguished from undigested feed residue 

in faeces. In vivo digestibility is apparent digestibility measured from the whole animal usually 

housed indoors using metabolism cages. However, the feed harvested and offered indoors may not 

be representative of the diet of the grazing animal. Therefore indirect methods for estimating in vivo 

digestibility are preferred for fresh herbages and pasture. These techniques either involve 

indigestible markers or biological methods (Kotb and Luckey, 1972; Waghorn and Barry, 1987). 

Techniques used in .the experimental work of this thesis are discussed in Section 2.4. 

Chemical composition of herbages can be used to predict digestibility by statistical regression 

equations. The cell wall content and its constituent components, viz. lignin give high correlations 
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(r = -0.70 to -0.99) with DM digestibility (Minson, 1982). This is indicative of the importance of 

extent of digestion in the reticulo-rumen since the ewe, the lignin associated structural 

carbohydrates, become available only through fermentative digestion. The extent of digestion and 

digestibility of a forage is therefore dependent on the duration the feed is retained in the rumen. 

The important parameters to consider are; 

(a) rate of digestion and . 

(b) rate of passage of feed or digesta constituents 

through the rumen. 

2.2.2.1 Rate of Digestion 

Rate of digestion refers to the proportion of feed digested per unit time. Ruminal digestion of the 

ewe is more likely to be rate limiting depending on the proportions and intrinsic properties of its 

potentially digestible and indigestible fractions (Van Soest, 1982). The soluble cell contents such 

as sugars are fermented very rapidly while less soluble substrates such as starch are more slowly 

attacked. Likewise insoluble proteins tend to be attacked more slowly than soluble protein or NPN. 

Treatment with heat (drying: Beever et al., 1986a), formaldehyde (Redman et al., 1980; Beever et 

al., 1984; Beever et a/., 1987) or presence tannins in some forages (Wag horn et a/., 1987) reduces 

solubility and rate of degradation of dietary protein in the rumen. This has major effects on site of 

digestion, balance of nutrient supply and efficiency of nutrient utilisation by the ruminant animal. 

Disappearance of the indigestible cell wall fraction from the rumen is through passage only, but may 

depend on the combined effects of fermentation of the associated digestible portion and the 

mechanical breakdown of particle size through mastication, rumination and contractions of the fore 

stomach. Extent of digestion of the potentially digestible fraction is also influenced by a initial lag 

period when no or negligible digestion occurs (Mertens and Ely, 1979). This is probably the time 

taken for colonisation or adherence of micro-organisms to the feed substrates and may depend on 

factors such as particle hydration and inherent chemical and physical inhibitors (Mertens and Ely, 

1983). Subsequent digestion rate of the potentially digestible fibre fraction follows first order 

kinetics (Cruickshank, 1986). The rate however may be biased by the period over which it is 

measured, e.g. 72 hours incubation of sample is necessary to determine the indigestible fraction and 

this is longer than the retention time of digesta on average quality forage (Van Soest, 1982). A 

further compounding factor is the influence of differences in micro-anatomy and morphology of 

plant fibres (Mertens, 1977), but is not well defined although it could be of significance for 

comparative evaluation of very dissimilar types of pasture herbages such as Wana cocksfoot and 

Puna chicory; a grass and a herbaceous rosette shrub, respectively. Nevertheless, rate of digestion 
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is influenced by rumen pH and rumen ammonia concentration, factors that could be characteristic 

of the diet (Van Soest, 1982). 

a). Rumen pH 

Optimum environment and nutrition of the rumen micro-organisms is necessary for maximum rate 

of digestion. A low rumen pH « 6) generally decreases rate and extent of fibre digestion (Owens 

and Goetsch, 1986). This occurs in diets high in starch and readily fermentable substrate (grain and 

concentrate feed) due to rapid release of VFAs and inhibition of cellulolytic bacteria. Forage diets 

however contain low levels of soluble carbohydrates and the high fibre content also provides 

sufficient stimuli for rumination and ensures the saliva production necessary to buffer the rumen's 

neutral pH (van Soest, 1982). Deficiencies of N, S and other co-factors necessary for optimum 

rumen microbial growth can also limit rate o.f digestion (Norton, 1982). 

b). Rumen ammonia 

Rumen ammonia concentration is a parameter that is indicative of excess, adequacy or a lack of 

rumen degradable N for microbial growth and hence fermentative degradation of feed DM. Odie and 

Schaefer (1987) using feed grain in nylon bags incubated in the rumen of steers found that the 

minimum (Le. optimum) rumen ammonia-N concentration required to maximise degradation rate of 

barley (125 mg/l) was twice as much as that for maize (61 mg/l). The study was done to establish 

why optimum values previously reported ranged widely, from as low as 14 to around 200 mg NH3 -

NIL They concluded that the optimum rumen ammonia concentration is dependent on the chemical 

and physical characteristics of a feed. However part of the variability or disagreements reported 

in literature could be attributed to the type of measurement which used either rate of microbial 

protein synthesis or rate of dry matter degradation as the dependent variable. For example, Mehrez 

et al. (1977) reported optimum rumen NH3 -N of 194 mg/l for maximal rate of fermentation for barleY 

in rumen of sheep by measuring DM disappearance from nylon bags (in sacco), whilst an often cited 

value of 50 mg/l (Satter and Slyter, 1974) was obtained by measuring microbial growth in vitro. 

Digestion for fresh herbages in vivo is a dynamic process and subjected to absorption and passage 

of products of fermentation, and the recycling and clearance of urea (Kennedy, 1980). Nonetheless 

high quality fresh herbages are characterised by high rumen ammonia concentrations and 

consequently up to 40 % of N ingested is lost across the stomach (Ulyatt et al., 1988). It is 

important that rumen ammonia concentration is interpreted in the context of degraded N :degraded 

OM release in the rumen (8eever et al. 1986b and Beever et al., 1987) to be more meaningful. 

Moreover as Kennedy (1980) found with regard to urea-N utilisation in the rumen, high rumen 

ammonia concentration may either be due to low intake of digestible OM for low quality forages 
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or a higher soluble N content for high quality forages. 

2.2.2.2 Rate of Passage 

The rate of passage is a measure of how long digesta or its portions are retained in the gut or 

sections of it and are subjected to the processes of mechanical mixing (communition), microbial 

fermentation, digestion and absorption. Apart from its influence on the extent of digestion and 

digestibility, passage of digesta constitutes a major influence on regulation of intake through 

limitation on rumen fill which can be important in forage diets (Poppi et al., 1987). The differing 

rates of passage of leaf and stem fractions of grass given to cattle and sheep were associated with 

similar digestibilities but the intake of leaf was higher due to its shorter retention time in the rumen 

(Poppi et al. 1980a). Poppi et al. (1981) related this effect of passage to the retention of NDF and 

its variable content in the leaf and stem fractions. 

Rate of passage can be influenced by the proportions of the potentially digestible and indigestible 

ewe and their respective mode of disappearance from the rumen. The potentially digestible 

fraction disappears through digestion and passage whereas the indigestible fraction disappears only 

through passage (Waldo et al., 1972; Mertens and Ely, 1983). A critical particle size theory has 

been suggested as the determinant of rate of disappearance of material from the rumen through 

passage only. This was demonstrated by Poppi et al. (1980b) that the resistance to flow of 

particles of different sizes from the reticulo-rumen was closely related to particle size with no 

difference between grasses and legumes or between young and mature forages. The critical 

particle size was found to be a sieve size of 1.18 mm. 

Because ewe is largely made available through the action of micro-organisms, rate of passage 

through the reticulo-rumen has a major influence on the extent of digestion of forage diets. A 

comprehensive review (Warner, 1981) concluded that the rate of passage through the rumen ( or 

any segment of the gut) is best described by the 'mean retention time' (MRT). Furthermore, given 

steady state conditions (constant digestion and passage rate and volume), MRT is equal to the 

reciprocal of the fractional outflow rate (FOR) which is the fraction of the contents of the gut or a 

segment that passes out per unit time. Warner (1981) should be consulted for an in depth 

discussion on measurements of MRT and FOR and factors affecting these parameters of passage 

for ruminant species. 
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2.2.3 Digestibility and intake of pasture 

Ad libitum pasture intake has at times been suggested as a measure of nutritive value (e.g. Corbett, 

1978). This reflects the general relationship where increase in digestibility is associated with 

increased ad lib intake, an almost linear relationship for low quality forages although in forages of 

high digestibility 0.65) the association is highly variable (Corbett, 1978; Cruickshank, 1986). 

The concept of feeding value defined by Ulyatt (1973) as the' animal production response to total 

herbage consumed' may be inherently variable (Ulyatt, 1981) for it is a function of both intake and 

nutritive value (Poppi, 1983). 

The variability in digestibility - intake relationship is important in evaluation of pasture nutritive value 

because of the possible effects of digestibility on ad lib intake and animal production. When 

compared at similar digestibility, intake of legumes can be as much as 40 % greater than grasses 

and of leaf 100 % greater than stem (Cruickshank et al., 1985; Laredo and Minson, 1973). Poppi 

(1983) noted that the extent of variation in digestibility intake relationship depended on the 

proportion of leaf in the diet. Rate of degradation of particle size and outflow from the rumen rather 

than digestibility may explain the effects of the proportion of leaf and stem in the diet (Laredo and 

Minson, 1973; Poppi et al., 1981) . Moreover, Cruickshank (1986) found no direct evidence for a 

relationship between digestibility and intake in the context of a model for physical regulation of 

intake. This evidence implies that the relationship may only be due to a casual association and 

therefore digestibility may not be directly involved in control of intake. A similar situation may arise 

under high grazing intensity (low residual pasture mass) where the diet contains high stem and dead 

matter which is of low digestibility, however the associated depressed intake is primarily due to the 

increased difficulty in harvesting by the grazing animal (Pappi et al., 1987). 

For higher quality forages offered at high herbage mass, digestibility would be high although it may 

not be so important in regulation of intake (Poppi, 1983; Cruickshank, 1986) and inconsistent 

animal production responses arise (Sykes and Nicol, 1983). Additional parameters of nutritive value 

are required, viz. form of ME and protein supply at the sites of absorption (Poppi, 1983). 

Nonetheless digestibility is a common and practical parameter of nutritive value for herbages (Poppi, 

1983). Feed planning on pasture relies on the metabolisable energy (ME) system (Milligan et al., 

1987; Waghorn and Barry, 1987). The M/D value (MJ ME/kg DM) of a pasture is highly dependent 

on digestibility as it varies widely (0.4 for dead material to 0.85 for grass and legume leaf) whilst 

conversion of digestible energy (DE) to ME is relatively consistent at about 0.82 (Pappi et al., 

1987). 
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Apparently digestibility is a function of the same factors that influence intake, i.e. rate of digestion 

and rate of passage (Poppi et al., 1987). These components do not substitute for digestibility as 

a measure of nutritive value but should elucidate variability that may exist in digestibility, intake and 

animal response and hence efficiency of utilisation of different forages and herbage fractions. 

Furthermore, rate of digestion and rate of passage of digesta are perhaps of direct significance in 

quantifying extent of digestion at particular sites of digestion. Site of digestion of the major nutrient 

substrates viz. of energy and protein determines their supply both quantatively and the balance 

relative to need, and so has a large influence on efficiency of nutrient utilisation and the animal 

production response. 

2.3 Site of digestion and nutrient supply 

In forage evaluation and screening trials, site of digestion measurements are not as common as 

determination of digestibility coefficients since the latter is relatively inexpensive, requires less 

labour and is much simpler to do. However, digestibility coefficients relate the value of feed only 

to the difference between intake and undigested residue expressed as a proportion or percent of 

intake and therefore cannot distinguish the proportion of nutrients absorbed at different sections 

of the digestive tract. 

2.3.1 Partition of digestion in the gastro-intestinal tract 

Site of digestion measurements estimate digestion and absorption of nutrients in the stomach (viz. 

rumen), the small intestine and the large intestine (Ulyatt and MacRae, 1974). Digestion in the 

stomach (reticulo-rumen) and the large intestine is by microbial fermentation which breaks down 

structural carbohydrates and involves synthesis of microbial cells and the production of methane, 

ammonia and the volatile fatty acids (VFA). 

The VFAs are absorbed as the major energy substrates while methane and ammonia represent 

losses of digestible energy and N respectively. The contribution of the large intestine is negligible 

compared to the rumen. Ulyatt and MacRae (1974) found that 90% of the digestible structural 

carbohydrate was digested in the stomach region for white clover and perennial and short rotation 

rye grass. Furthermore, microbial cells synthesised in the large intestine do not become available 

to the animal as they do from ruminal synthesis. 

Post-ruminal digestion in the abomasum and the small intestine is by endogenous enzymic 
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hydrolysis and the small intestine is also the major site of absorption. Digestion and supply of 

nutrients at the small intestine is largely from microbial OM and a variable proportion of the diet that 

escapes rumen degradation. Although the undegraded dietary component is quantitatively relative 

small, it may be of major consequence to nutrient supply and ultimately in nutrient utilisation; 

particularly for some essential amino acids that may be limiting in microbial protein (Storm and 

Ors kov, 1984). 

Nutrient supply at the small intestine therefore depends very much on digestion in the rumen and 

the efficient capture of degraded N by microbial cell synthesis. A matching supply of fermentable 

energy in the rumen is essential (ARC, 1980 and 1984). Digestion of N and OM and the relative 

flow of their respective constituents between the rumen and the small intestine are important 

nutritional indices obtained from estimates of site of digestion in addition to digestibility coefficients 

(Poppi, 1983; Ulyatt et al., 1988). 

2.3.1.1 Site of OM digestion and supply of energy substrates 

Digestion of organic matter yields energy substrates for the animals metabolism. The digestible 

organic matter intake (DaM!), the product of aMI and OMD, is often simply converted to 

metabolisable energy (ME) intake by a constant (ARC, 1980 and 1984). DOMI or ME intake 

represents the available nutrient intake and the higher this is, the greater the potential for 

production. The particular site of OM digestion determirws the form of ME available, either as VFAs 

(reticulo-rumen) or microbial and undegraded dietary constituents (post-rumen). The difference 

between the DOMI and duodenum OM flow is the proportion of digestible organic matter apparently 

digested in the rumen (DOMADR); 'apparently' because microbial OM and undegraded dietary OM 

entering the duodenum can not be distinguished. 

Partition of OM digestion differs with pasture species and level of intake. Ulyatt and MacRae 

(1974) found that when intake of 'Ruanui' perennial ryegrass was increased from 500 gld to 800 

g/d, its DOMADR was increased (0.60 to 0.68) and that in small intestine OM digestibility 

decreased (0.25 to 0.18). They found a similar but non-significant effect with the 'Manawa' short

rotation ryegrass and little change for white clover with intake in the partition of OM digestion in 

sheep. The higher DOMADR of Ruanui was associated with a lower passage rate of digesta than 

'Manawa' ryegrass or white clover. Ulyatt et al. (1980) also found higher DOMADR for grass 

(0.73) than clover (0.69) diets which reflected level of intake and passage rate as influenced by 

forage species, stage of maturity and stem: leaf ratio for grasses. 
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2.3.1.2. Site of N digestion and amino acid supply 

N digestion and transactions in the ruminant digestive tract is outlined in Figure 2.2. Basically, the 

non-ammonia N (NAN) fraction leaving the stomach, which is predominantly microbial Nand 

undegraded dietary protein N, supply the amino acids (aaN) for tissue metabolism when digested 

in the small intestine. Determina1;ion of total NAN flow and its composition (amino acids, bacterial 

or dietary) and moreover its digestibility and absorption in the small intestine are parameters useful 

in elucidating forage N utilisation by the ruminant animal (MacRae and Ulyatt, 1974). The 

degradable N provides the rumen microbial N requirement and reflects the efficiency of microbial 

protein synthesis. Estimate of NAN flow at thi3 duodenum (total N flow entering duodenum less the 

NH 3-N) can provide reliable and practical estimates of amino acid supply (ARC, 1980 and 1984). 

Dietary N 

Salivary N 

( ..................... ----. 

t c-----------., 
L~~~..9!~1~~:-~J 

I 

L _ ....... _ ~=:;;;;;;;;;;;::::::r"Tt__- Available N Supply =1===> 
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Urine N 
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Figure 2.2: A schematic overview of the intake and transactions of dietary N in the digestive tract 

of the ruminant animal. 

Rumen microbial activity can substantially modify, both qualitatively and quantitatively, the amino 

acid supply of the ruminant animal's diet (MacRae and Ulyatt, 1974). Thus, only small differences 

were detected by MacRae and Ulyatt (1974) in amino acid composition of the duodenal and ileal 

digesta of sheep fed fresh perennial (P), short rotation (S) ryegrasses and white clover (W) diets 

despite significant differences (upto 6 %age units) in the N content of the three herbages. Herbage 

of S had the lowest N content (3.8%) but had higher apparent absorptions of individual amino acids 
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from the small intestine than the other two species. Furthermore, W herbage had significantly 

higher (p < 0.001) concentration of aspartic acid (14.9g/1 OOg protein) than in P (8.5g/1 OOg protein) 

or S (8.2g/g 100 protein) but duodenal digesta samples of all three herbages had very similar 

concentrations (8.9, 9.1 and 9.8 g/1 OOg protein, respectively). This illustrates the importance of 

the rumen in modifying dietary nutrients available for absorption. 

Differences in efficiency of amino acid utilisation (its digestion and absorption) is a function of site 

of N digestion and efficiency of microbial N synthesis. Ulyatt et a/. (1975) found that 70% of 

protein in fresh herbages of the ryegrasses (P & S) and white clover (W) was degraded in the 

stomach of sheep and bacterial protein contribution was about 50 % of the protein entering the 

duodenum. Large differences observed in N intake between grass and legume diets are largely 

eliminated in the duodenal NAN supply (Cruickshank et al., 1992) due to rumen microbial N 

transactions. 

Cruickshank et al. (1992) found however that N intake gave the highest correlation (r2 = 0.76) with 

the duodenal NAN flow and only small improvements were obtained when DOMI (r2 = 0.79) or OM 

apparently digested in the rumen (r2 =0.77) was included in the regression. Similarly, Ulyatt and 

Egan (1979) who collected data from a wide range of sources for both fresh and dried forage diets, 

found that N entering the duodenum was best related to N intake (r2 = 0.83). However, the 

relationship they derived did not prove reliable within the individual sets of data. Beever et al. 

(1986a) also show large variations in NAN flow relative to N intake between treatments in the same 

experiment. This further reflects the importance of th,e rumen in N digestion and the intervening 

N metabolism of its microbial population. 

Microbial activity continues in the large intestine although no absorption of amino acid N is evident 

here. MacRae and Ulyatt (1974) found that N excreted in the faeces was similar to NAN leaving 

the small intestine when the large intestine accounted for 9 - 20% of the overall N digestion in both 

grass and legume forages. 

2.3.2 Particular effects of diet and animal factors on site of N digestion 

Site of N digestion could characterise a diet as much as the dietary factors, viz. chemical 

composition and physical form, influence passage and extent of digestion (Owens and Goetch, 

1986). Site of digestion is in effect an important interface or component of the plant-animal 

interaction complex (Figure 2.1). But it is also important to take note of possible differences due 

to animal factors (Margan et al., 1982) although dietary factors may exert a larger influence on 
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partition of nutrient digestion in the ruminant digestive tract. 

2.3.2.1 Dietary Effects 

The intrinsic properties of a diet most likely to influence site of digestion and nutrient supply pertain 

to its chemical composition and physical form (Faichney and Black, 1979; Ulyatt et al., 1975). 

These are factors dependent on forage species, season and stage of crop maturity (Hart and 

Leibholz, 1985), and where harvested mechanically, the processing method (viz. ensiling, drying, 

chaffing or grinding) and type of feed mixture (e.g. forage vs. grain/concentrate) will be additionally 

important. 

a). Type of feed. 

Goetsch and Owens (1984 and 1985) using different levels of roughage to concentrate mixed feeds 

fed to cattle showed that the differences between the diets on partition of site of OM and protein 

digestion was related to the particular rate of passage. Increasing concentrate level in the diet 

increased ruminal fluid dilution rate and the escape of protein from the rumen (Goetsch and Owens, 

1985). Conversely, increasing the level of roughage level in the diet tended also to increase OM 

digestion in the rumen (Goetsch and Owens, 1984), presumably due to longer retention and 

exposure to microbial attack. 

On sole fresh herbage diets, the bulk of the feed is water and this entails low rumen retention time 

of OM as found in sheep (Ulyatt and MacRae, 1974). This leads to the hypothesis that a 

considerable amount of dietary N could also escape rumen fermentation (Ulyatt et al., 1975), 

although the high VFA concentrations and rumen ammonia levels of ruminants fed fresh herbages 

suggest otherwise (Ulyatt, 1971; MacRae, 1976). Nonetheless the effect on digesta passage of 

the constituent water of fresh forage diets is not confined to the stomach but may affect supply 

of nutrients to the small intestine. Faichney and Black (1979) and Beever et al. (1980-81) 

demonstrate such an effect using a model to assess sensitivity of protein flow to variations in the 

fractional outflow rate (FOR) of water for a subterranean clover hay diet. When the FOR of water 

was increased ten fold (0.64 - 6.43 d-1) the total protein flow out of the rumen was increased by 

almost 50% (90 - 132 g/d). Harrison et al. (1975) have shown an increased flow of total amino 

aCids and total microbial amino acids into the small intestine with an increased efficiency of 

microbial protein synthesis within the rumen by increasing the rate of flow of water from the rumen 

of sheep. 
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The most important diet characteristic that influences partition of site of N digestion is the N content 

of the feed. Temperate herbages fed fresh in the vegetative state in particular have a high soluble 

N content in DM (MacRae, 1976; Lllyatt et al., 1975; Mangan, 1982; Fraser et al. 1990)' and is 

therefore readily available to the rumen micro-organisms. Studies with both cattle (Beever et al., 

1986a) and sheep (Cruickshank, 1986; Lllyatt et al., 1988) indicated that loss of ingested N will 

occur when N content of fresh forages exceed 25.5 g/kgOM. 

The N loss across the stomach is further dependent on the level of N intake. Lllyatt and Egan 

(1979) established that net losses of nitrogen across the stomach commenced at an N intake of 

approximately 18g/d for fresh diets. Moreover, Lllyatt and Egan (1979) showed from in sheep that 

net N loss on fresh herbage diets was 45 % compared to only 13% on dried diets. Drying is known 

to reduce N solubility as a consequence of denaturing dietary protein (Beever et al., 1976). Most 

studies indicate that as much as 30-50 % loss of ingested N on fresh herbage diets can occur whilst 

in passage through the ruminant stomach (MacRae and Lllyatt, 1974; Lllyatt et al., 1975; 

Cruickshank et al., 198q, Lllyatt et al., 1988; Fraser et al., 1990). The NAN flow to the duodenum 

relative to its N intake may therefore represent only 50% of the potential supply from fresh forage 

diets. 

b). Species: legumes and grasses 

Much of the work on estimating site of digestion have considered the differences in the feeding 

value of legumes compared to grasses (e.g. Lllyatt, 1971; MacRae and Lllyatt, 1974; Lllyatt and 

MacRae, 1974; Egan and Lllyatt, 1980; Cruickshank, 1986). Much larger losses of dietary N occurs 

across the rumen for legumes because of the higher 1\1 content and N intakes compared to grasses. 

Nonetheless the superior performance of weaner lamb growth on clover (Lllyatt, 1971) can be 

related to a more efficient utilisation of the additional N as a result of the higher N intakes of 

legumes (MacRae and Lllyatt, 1974). 

Effect of differences in level of intake on N digestion also vary in extent for legumes and grasses. 

MacRae and Lllyatt (1974) found the incremental loss of NAN in the stomach of sheep was only 

30% on a white clover diet compared to 100% and 600% losses on perennial and short rotation 

ryegrasses respectively, by increasing level of feed intake from 500 to 800 g/d. The respective 

NAN losses (g/24h) at 500 g/d intake were 6.3, 7.6 and 1.4, and at 800 g/d intake losses increased 

to 8.5, 13.8 and 6.5. Cruickshank (1986) also showed that the higher liveweight gain of lambs on 

legumes was associated more with the higher intake of digestible OM and increased NAN flow at 

the duodenum rather than to effects of the relative sites of digestion of OM and N. 



23 

c). Season: spring and autumn pasture 

Differences on site of N digestion also exist in grasses although it may be a function more of the 

proportions of structural carbohydrate to soluble carbohydrates and the relative N level, evident in 

comparison of spring and autumn grown pastures (Beever etal., 1978; Wag horn and Barry, 1987). 

Waghorn and Barry (1987) note that the significance of low concentration of soluble carbohydrate 

in OM of autumn pasture (31-67 % of spring values for ryegrass and 67% of spring values for 

clover) is often not fully appreciated. Beever et al., (1978) suggested that the higher content of 

soluble carbohydrates and lower protein content in spring-cut herbage provides for a more efficient 

rumen fermentation (a higher yield of VFA per mole of substrate degraded) and a greater net gain 

of protein between the mouth and the duodenum than the autumn-cut herbage harvested from the 

same sward, when fed to sheep. 

Although N content of the autumn-cut herbage is higher compared to spring growth, the supply of 

amino acid apparently absorbed is similar and combined with a low digestible soluble carbohydrate 

yield (Beever et al., 1978). The poor N utilisation and nutritive value of the autumn-cut herbage is 

most probably the result of a lower efficiency of nutrient utilisation at the tissue level. 

d). Total protein and amino acid N supply (post-rumen) 

The loss of dietary N on fresh herbages can be appreciated through compensating it with post

rumen N supplements of protein or individual amino acids (Chalupa, 1976; Barry, 1981; Storm and 

Orskov, 1984). Fraser et al., (1990) established a linear response in N balance to increasing levels 

of casein supplement given at the duodenum up to a level of 6 g/d, an amount directly equivalent 

and therefore apparently compensating for the 34% N loss across the rumen of sheep fed the fresh 

cut ryegrass/white clover diet. Fraser and co-workers further showed that increasing total protein 

supply at the duodenum may not be of additional benefit if essential amino acids are limiting. Barry 

(1981) found that, not only was absorption of protein from the small intestine limiting protein 

deposition in growing lambs, but also that absorption of cysteine and methionine were specifically 

limiting. 

Methionine, lysine, histidine and arginine are four essential amino acids limiting for lamb growth, 

where rumen microbial protein may be the sole source of N (Storm and Orskov, 1984). The same 

was reported for cattle when a NRC recommended diet for fattening bull calves was given amino 

acids supplements (Chalupa, 1976). Chalupa (1976) also showed that methionine alone may not 

significantly increase N retention, but methionine must be present in order to obtain responses from 

the other amino acids. It is likely that the substantial N loss across the stomach and secondly the 
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limiting essential amino acids of microbial protein may both contribute to the inefficient N utilisation 

on sole fresh forage diets. 

The extent to which the presence of dietary protein escaping rumen degradation would raise or 

lower overall digestibility of the TAA-N in the small intestine is a matter of conjecture. Lindsay and 

Armstrong (1982) obtained a value of 0.84 ± 0.001 for digestion of leaf chloroplast protein by 

infusing 15N-labelled protein into the duodenum of calves and observing the amounts of marker at 

the terminal ileum. The digestibility of microbial proteins in the ruminant small intestine varies 

considerably (range 0.49 - 0.79) (Lindsay and Armstrong, 1982). Generally plant and microbial 

protein reaching the small intestine are extensively degraded (about 90% digestibility), but 

endogenous secretions and microbial synthesis in the hind gut adds AAN to the faeces so apparent 

AA digestion is about 70% (Waghorn and Barry, 1987). 

2.3.2.2 Effect of feeding regime 

Feeding is likely to influence the site of digestion through changes in passage rate due to differences 

in level of feeding and the frequency of feeding (Orskov, 1976; MacRae and Ulyatt, 1974; Egan and 

Ulyatt, 1980). 

a). Feeding Level 

The experiment of Macrae and Ulyatt (1974) using perennial ryegrass (P), short rotation ryegrass 

(S) and white clover (e) showed that partition of N digestion was altered when OM intake was 

increased from 500 to 800 g/day. There was an increase in stomach digestion for the grasses (P 

and S) whereas with e there was a decrease, and while there was a decrease in digestion in the 

small intestine of S there was an increase with e. At the higher intake level, apparent absorptions 

of NAN from the small intestine of sheep given S and sheep given e were significantly greater (P < 
0.01, 0.05 resp.) than for sheep given P. 

Although lVIacrae and Ulyatt (1974) concluded that a true picture of N digestion across diets within 

the various regions of the gastro-intestinal tract cannot be obtained from anyone intake level, it 

appears that the higher intake of the clover diet has the additional benefit of increased intestinal 

digestion of OM and N. Within diet, increasing level of feeding inevitably increases rumen turnover 

and is associated with reduced protein degradation in the rumen (Orskov, 1976) and apparently 

increases protein digestion in the intestine per unit of digestible OM intake (Margan et al., 1982). 
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The effect of feeding level could be proportionaf to or reflect the relative difference to the 

maintenance level of intake. Egan and Ulyatt (1980) fed at the maintenance (M) and 1.5 M levels 

of intake to study the utilisation by sheep of dietary N provided in high protein, high water content 

fresh herbages. At the higher feeding level (1.5 M), small losses (1-3g/d) of N across the stomach 

occurred with diets of clover and Tama ryegrass, but no loss was observed for the other diets 

presumably due to relatively lower degradable N content. 

b). Frequency of feeding 

Ulyatt has demonstrated (unpublished, cited in Egan and Ulyatt, 1980) that on similar herbage diets 

NAN entering the duodenum, as a percentage of dietary N, was increased by more frequent (hourly) 

rather than infrequent (once a day) feeding. Egan and Ulyatt (1980) compared their data on site 

and extent of digestion of N from perennial ryegrass, short rotation ryegrass and white clover diets 

with the earlier data of MacRae and Ulyatt (1974) and found that for all diets N losses across the 

stomach were much smaller. Egan and Ulyatt (1980) attributed this to frequency of feeding; that 

"the more continuous input of fermentable substrate as a result (possibly) of the more constant 

feeding system improved the efficiency of N use within the reticulo-rumen". The implication is that 

often a matching supply of a fermentable energy source may enhance uptake of the degraded N 

(ammonia-N) and reduce its wastage. 

The effect of frequency of feeding on balance of fermentable energy and N for efficient rumen 

microbial digestion was demonstrated by Milne et, al. (1979) using supplements of 100g 

sucrose/day and 3g N/ day as urea to sheep grazing heather moorland in winter. Infusing the 

sucrose:urea supplement significantly improved the OM digestibility ( from 45% OMD) and intake, 

but a reduction only in the frequency of feeding the supplement, reduced the response in the intake 

of digestible OM. A balanced supply of fermentable energy and degradable N in the rumen not only 

is beneficial through a more efficient digestion and bacterial protein synthesis, but the urea 

supplement also has a 'sparing' effect on degradation of plant protein in the rumen which together 

account for the extra protein in the duodenum (Nikolic et al., 1975). 

2.3.2.3 Possible animal effects on site of N digestion 

Animal differences in site of N digestion may depend to varying extents on factors such as age and 

maturity, physiological status and species or breed type (Margan et al., 1982). These could be 

inherent animal effects which need to be put in perspective in order to account for differences 

pertaining only to the type of feed and interaction effects of diet and intake. 
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a). Species. 

Species differences appear so to reflect evolutionary adaptation to their niche diet. This is 

implicated in studies on comparative nutrition such as for goats, sheep and deer (Domingue et al., 

1990). Generally species differences are greatest on a lower level of nutrition, for instance goats 

have are more efficient digestion and economy of N use compared to sheep (Devendra and 

McLeroy, 1982; Alam et al., 1983), due to differences in N recycling and rumen dilution rates. 

b). Age and body size. 

Weston and Margan (1979) studied the effect of age and maturity on digestion of a clover diet in 

the same weaner lambs at 15, 24 and 40 weeks of age and average bodyweights at 18, 29 and 

44 kg, respectively. Some small but significant (P<0.05) changes were observed with increasing 

age and body sizes; whilst protein digested in the intestines per unit feed intake was higher ( + 1 0%) 

at 40 weeks relative to 15 weeks, there was lower total tract OM and fibre digestibility (- 1.8%) 

and lower rumen ammonia concentration and flow from the stomach ( -15 to 20 %). There were 

varying effects observed on other parameters measured and Weston and Margan (1979) stressed 

that care is needed when applying digestion data obtained with adult sheep to the nutrition of the 

growing weaner lamb. This concern was further expressed by Margan et al. (1982) who found that 

the proportion of urea synthesised and which was degraded (0.24 - 0.30) in the GI tract, was 

consistently lower compared to values commonly reported for adult sheep. Cruickshank (1986) 

found no differences associated with age (8 and 12 weeks) on site of nutrient digestion for young 

growing lambs grazing on good quality grass and legume pastures. 

c). Breed 

Margan et al., (1982) compared two breeds of sheep, the Dorset Horn and Corriedale, for digestion 

of a ground pelleted diet in the stomach and intestines, fed at two levels of intake. Breed 

differences were smaller than those associated with level of feeding, however protein digestion in 

the small intestine per unit DOMI in the Dorset Horn lambs tended to be less at the lower intake and 

probably was the result of the associated longer retention time in the rumen. True breed differences 

was negligible at ad lib level of feeding, which is likely to be the case on unlimiting intake of fresh 

herbage or pasture. 

d). Effect of surgery in site of digestion studies. 

Margan et al. (1982) used fistulated wether lambs, a neccesity for site of digestion measurements 
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to interpret nutrition of the entire (unfistulated) animal. The surgical modification of the gut is cause 

for concern similar to that when applying data from the adult on to young animals (Cruickshank, 

1986). However, in a preliminary trial Cruickshank (1986) could not find any evidence to support 

such a concern for the effect of cannulation (and age) on the development of rumen function. 

2.3.3 Possibilities for manipulating the site of N digestion 

The various factors that influence the partitioning of digestion along the GI tract all offer possibilities 

to manipulate site of nutrient digestion, particularly to limit the excessive ruminal (fermentative) 

degradation of dietary N of fresh forages. The obvious possibility is to reduce the high N solubility 

that is characteristic of fresh herbage diets, and hence increase post-ruminal (hydrolytic) N digestion 

and amino acid N (NAN) supply for absorption in the small intestine (Section 2.3.2.1). 

A commonly advocated option is breeding to change plant chemical composition viz. to reduce N 

solubility as well as to ensure adequate supply and balance of essential amino acids for ruminants 

fed on fresh forages (MacRae, 1976; Barry, 1981; Hodgson, 1990; Fraser et a/., 1990). The 

breeding option involves long term screening and evaluation work and early success seems unlikely, 

however there is much optimism on work involving condensed tannins in forages (Harris et a/., 

1990). 

a). Exploiting condensed tannins in fresh forages 

Condensed tannins bind to proteins to form stable complexes in the pH range 3.5-7.0 but dissociate 

at pH <3.5 and >8.5 (Waghorn et a/., 1987). Plant proteins should therefore be bound and 

protected from microbial degradation in the rumen (pH 5.5-7.0) and released in the abomasum, 

enabling hydrolysis and absorption of amino acids to occur in the small intestine. Tannins occur 

naturally in some forage legumes and the effects on 1\1 digestion and supply have been studied in 

sheep, e.g. sainfoin (Onobrychis viciifolia Scop.) (Ulyatt et al., 1975; Egan and Ulyatt, 1980) and 

lotus (Lotus corniculatus or L. pedunculatus) (Waghorn et al., 1987; Waghorn and Shelton, 1992). 

Waghorn et al. (1987) reported that sheep fed lotus containing 14.5 g tannin/kg DM retained more 

N than those fed on a cultivar containing 2.5 g tannin/kg DM, whereas excessive concentration of 

condensed tannins, 60-110 g/kg DM, were shown to reduce voluntary intake and result in low N 

digestibility when fed to sheep (Barry and Duncan, 1984). 

Mulga (Acacia aneura) an arid land fodder has condensed tannin content of about 12% of DM, and 

this reduces nutritive value to such an extent that this potentially valuable forage is of limited use 
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for sheep (Wag horn and Shelton, 1992). 

Waghorn et al., (1987) studied the nutritional consequences of a low condensed-tannin 

concentration (22 g/kg DM) in lotus (L. corniculatus) (control) compared to lotus given to sheep 

receiving intraruminal polyethylene glycol (PEG) infusion (PEG group). PEG selectively binds to 

tannins and prevents tannins from binding proteins. Thus the proportion of N apparently digested 

before the abomassum (i.e. in the rumen) was reduced (p <0.05) in control sheep (0.12) than in 

PEG sheep (0.21). Waghorn et al. (1987) showed also that the presence of tannins in the control 

group increased net apparent absorption of the essential amino acids by at least 30 to as much as 

93% and reduced absorption of non-essential amino acids by 10%, compared with PEG sheep. 

However there was no such increase in amino acid absorption found with L. pedunculatus (Waghorn 

and Shelton, 1992L suggesting that tannin prevented enzymic hydrolysis of the protected protein. 

Moreover Ulyatt and Egan (1979) found no real difference between sainfoin compared to ryegrass 

or white clover herbages fed to sheep in the sites of OM and N digestion which was either due to 

tannin rendering the protein indigestible in the small intestine or that the tannin content was not 

high enough to cause measurable differences in ruminal and post-ruminal digestion of N. In a 

subsequent study, Egan and Ulyatt (1980) reported nitrogen retentions of 4.7 and 2.1 g/day in 

sheep fed sainfoin and white clover respectively. Waghorn and Shelton (1992) have observed that 

for L. corniculatus the response to condensed tannins is concentration dependent but not for L. 

pedunculatus. 

These type of observations imply that both concentr,ation and type of condensed tannins are 

important in determining nutritive value, and that these factors need to be resolved before an 

effective plant selection program can be undertaken. However, by managing the grazing animal or 

incorporation of appropriate levels of tannin containing species with pasture could provide adequate 

concentrations of tannin in the diet to exploit its benefits on N digestion (Waghorn et al., 1987). 

b). Artificial treatments for reducing rumen degradability of dietary N 

Tannin can be artificially applied to ruminant diets for its beneficial effect in post-ruminal shifting 

of N digestion (Driedger and Hartfield, 1972). Likewise heat treatment (Beever et al., 1976) and 

formaldehyde treatment (Hemsley et al., 1970 cited in Hogan and Weston 1970; Faichney and 

Weston, 1971) have also been employed to reduce dietary N degradability in the rumen for a 

increased protein supply to the duodenum. 

Hemsley et al. (1970) by formaldehyde treatment of a dried berseem-c1over diet, in sheep, reduced 

rumen ammonia concentration from 34 - 24 mgN/100ml, increased duodenal NAN flow by 70 -
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103% of N intake, and found that 60 % more protein was digested in the rumen. Formaldehyde 

treatment, or aldehyde treatment in general, influences the site of digestion of dietary protein by 

forming esters which are resistant to ruminal degradation but can be broken down in the small 

intestine, most probably due to pH change (Peter et al., 1971). 

Treatment with heat either directly (drying) or indirectly (processing such as grinding, pelieting etc.) 

denatures the feed protein and reduces N solubility and ruminal degradability of N (Beever et al., 

1976). Unlike aldehyde treatment, heat treatment alters the protein structure by strengthening the 

peptide linkages and makes it less soluble and susceptible to ruminal microbial degradation. 

Exposure to excessive heat could denature the protein extensively and prevent digestion by both 

microbial (fermentative) and endogenous (hydrolytic) enzymes. 

Artificial application of tannins and heat or formaldehyde treatments for shifting post-ruminal N 

digestion would be of limited use for ruminants fed fresh herbages. However use of this treatments 

to provide 'protected' protein supplements for animals grazing pasture is an option (Orskov, 1976, 

Hennessyetal.1981). 

2.4 Techniques for measuring nutrient supply at pasture 

The primary determinants of nutrient supply in a grazing animal are its pasture intake and the extent 

of digestion (Geenty and Rattray, 1987). The latter may be adequately defined by the digestibility 

estimate although estimates of sites of nutrient digestion are additionally useful particularly on high 

quality pasture (Poppi, 1983). A common feature in measuring all these parameters is that they are 

difficult to measure directly and special techniques are required. 

Advances in investigation and knowledge of the grazing animal's nutrition is attributed to the 

discovery and use of nutritional marker substances and appropriate techniques for indirect 

measurements of intake and digestion characteristics (Kotb and Luckey, 1972). A brief description 

of marker substances is provided below. Particular techniques are required for administering and 

sampling markers (Kotb and Luckey, 1972), and especially prepared (surgically) animals are needed, 

viz. for measurement of digestion characteristics (Hogan, 1981). 

2.4.1 Nutritional markers for grazing ruminant studies 

I\lutritional markers are substances which are either constituents of the diet (internal) or ones Which 
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are administered (external) by incorporating into the feed, given orally with the feed or dosed into 

a part of the GI tract, viz. the rumen. Kotb and Luckey (1972) provide extensive and detailed 

descriptions of marker substances and their use in nutritional studies for the grazing animal. 

Additional markers have been found and techniques refined to improve accuracy of measurements 

(Faichney, 1975 and 1980). 

The criteria for an ideal marker (Kotb and Luckey 1972; Langlands, 1975; Faichney, 1975) can be 

summarised as: 

(i) it must be an inert, indigestible material and strictly non-absorbable, 

(ii) it must not affect or be affected by the GI tract or its microbial population, 

(iii) it must be physically similar to or intimately associated with the material it is to mark, 

(iv) its method of estimation in samples (feed, digesta or faeces) must be specific and sensitive 

and it must not interfere with other analyses. 

Realistically, no one marker can satisfy all these criteria, however the most commonly used ones 

are those whose limitations are reasonably defined and manageable to achieve the objectives of the 

particular measurement. Incomplete recovery (in faeces or digesta samples) of markers is a common 

problem due to a number of reasons, and absorption in the GI tract is an important factor (Kotb and 

Luckey, 1972). For instance 2 - 9% of Cr (given as 203Cr) is absorbable in the GI tract and 

corrections for 100% recovery in the faeces are required to obtain valid estimates of intake (Geenty 

and Rattray, 1 987). 

Another problem is of diurnal variations of marker concentrations in digesta or faecal samples 

obtained, due to incomplete mixing of marker with digesta or the natural effect of intermittent 

feeding on the rate of digesta passage (Langlands, 1975). This source of error can be minimised by 

allowing adequate time for the marker to achieve steady state and equilibrium concentration in the 

GI tract before sampling of digesta or faeces commences. A more frequent dosing and sampling, 

eg twice vs. once a day (Langlands, 1975) and use of controlled-released devices (CRD) which 

allow the continuous, intra-ruminal release of marker (Ellis et al., 1981; Parker et al., 1990) are 

means developed to minimise error associated with this source of variation. 

Faichney (1975) has also described options which administer markers by continuous infusion into 

the rumen and strategic sampling to eliminate sources of error due to incomplete recovery and 

diurnal variations in flow of markers. Moreover, Faichney (1975) proposed the use of two markers 

to allow the ratio of their relative amounts (dosed and recovered) be used to circumvent problems 

associated with recovery of absolute quantities. The concept of using ratios rather than the 

absolute quantity of marker(s) is the basis of the interesting recent developments on the use of n-
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alkanes (dosed:in foragel as nutritional markers (Mayes et al., 1986; Dove et al., 1989; Dove and 

Mayes, 19911. 

2.4.2 Measurement of grazing intake 

The actual intake of a grazing animal can only be measured indirectly, either by; al animal 

techniques using individuals or b) sward sampling technique on a group basis (Geenty and Rattray, 

19871. Animal techniques have the advantage of assessing between animal variation in intake 

which is not possible with sward sampling (difference in pre- and post-grazing herbage massl. 

Moreover, the sward sampling technique are highly variable compared to the animal techniques 

(Langlands,19751. 

The preferred and commonly used animal technique involves measurement of intake (I, kgDM/dl 

from in vitro determination of digestibility (D) and estimates of faecal output (FO, kgDM/dl through 

rearrangement of the digestibility relationship (Equation 2.1), i.e.: 

FO/(1-D) (Equation 2.21 

Subsequently, the estimated intake (I) is dependent on the accurate measurement of FO and D. 

Any error due to FO estimate will result in a equivalent error in I, but the error associated with the 

estimate of D leads to a proportionally larger error in I {Langlands, 19751. 

Direct measurements are possible for faecal output and digestibility, however the techniques 

involved may restrict normal grazing behaviour or not represent grazing at all. FO measured directly 

from total faecal collection requires use of harness bags which can be quite distressing for the 

grazing animal. Direct animal Un vivol measurement of digestibility of grazed pasture is hardly ever 

used because of the problem of harvesting material actually selected by the grazing animal. 

Moreover the indirect measurements by marker application provides ease and convenience in 

handling smaller samples of faeces or feed (Kotb and LuckeYt 19721. 

Estimation of faecal output relies on marker concentration in faecal samples. Grab faecal samples 

are taken manuallYt which can be by withdrawal directly from the rectum or from defaecation if it 

occurs at time of sampling (Lancaster et al., 1953). The marker concentration in faeces (Mft 

mg/gDM) is determined and since marker dosage (Md, g/d) is known, the daily FO (gl can be 

obtained as FO == (1000 x Md)/Mf. The marker commonly used for estimating faecal output is 

chromium sesquoxide (Cr 2031t usually available in 1 g or 10g oil based capsules or impregnated 
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paper (Le Du and Penning, 19821. Estimates of faecal output by grab samples for Cr 203 compared 

to total faecal collection can vary from + 5 % to -15 % (Lang lands et al., 19631. It is necessary to 

fit some of the experimental animals with harness and bags for total faecal collection to check 

recovery rate of the marker in grab samples and to adjust faecal output if necessary. 

2.4.3 Measurement of pasture digestibility 

Digestibility of a pasture diet can be measured indirectly by reference to a marker substance applied 

in the field or by biological methods from laboratory analysis. Where necessary, digestibility 

estimated indirectly can be checked or correlated with direct in vivo measurements determined with 

restrained animals offered a similar diet. 

2.4.3.1 Marker Techniques 

Two different techniques may be used in application of reference markers for digestibility estimates. 

The ratio technique is common and measures digestibility of herbage from the relative 

concentrations (ratiol of an indigestible plant component (internal markerl in the feed and faeces 

(Le Du and Penning, 1982). Such internal markers include lignin, chromogen, silica (Armstrong et 

al., 1981), indigestible acid detergent fibre (IADFI and acid insoluble ash (AlAI (Penning and 

Johnson, 1983)' and the n-alkanes (Mayes and Lamb, 1,984; Dove and Mayes, 19911. All of these 

markers have shown incomplete resistance to digestion or some handicap in ease and/or accuracy 

of the analytical procedures (Kotb and Luckey, 1972; Le Du and Penning, 1982; Dove and Mayes, 

1991). 

An alternative to the ratio technique is the faecal index method. Faecal nitrogen is the most 

frequently used determinant of digestibility in the latter method (Kotb and Luckey, 19721. Nitrogen 

in faecal samples of the grazing animal is analysed (%NI to predict digestibility (DI using a 

regression (%N against in vivo DI obtained in a conventional indoor digestibility trials. Acceptable 

accuracy of the method requires that the regression equation be derived from a concurrent indoor 

trial with herbage as similar as possible to the diet selected by the grazing animal (Langlands, 

19671. 
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2.4.3.2 Laboratory Methods 

Biological methods of measuring digestibility in vitro are preferable to prediction from chemical 

composition of feeds (Geenty and Rattray, 1987). Nonetheless regression equations have been 

developed extensively to predict digestibility from plant composition, e.g. lignin content as in the 

relationships for legumes and grasses established by McLeod and Minson cited in Minson (1982): 

Legumes: V = 104.3 - 7.91x + 0.27x2 (RSD ±3.7, r = -0.87) 

Grasses: V = 75.6 - 3.99x (RSD = ±5.0, r = -0.76); 

where V = dry matter digestibility (%DMD) and x = %lIgnin in feed dry matter (DM). 

Such regressions, summative or based on individual plant component, in effect are only statistical 

associations although biological significance may be apparent as in the example of lignin which is 

relatively indigestible and shows consistent negative correlation with forage digestibility (Minson, 

1982; Marten, 1981; Van Soest, 1982) 

Herbage digestibility estimated by the in vitro technique also requires calibration with in vivo 

measurements using similar material (Tilley and Terry, 1963; McLeod and Minson, 1978). The 

Tilley and Terry (1963) in vitro procedure was most successful; it simulated in vivo digestion using 

conveniently small test samples (c.0.5g) of pasture incubated in rumen liquor (under controlled 

anaerobic conditions at body temperature) for 48 hours followed by digestion in pepsin for another 

48 hours. However the use of rumen liquor had tre major disadvantages of a high labour 

requirement to maintain fistulated animals and to obtain inoculum, and the variability of the 

inoculum was associated with low reproducibility between laboratories (de Boever et al., 1986). 

The much needed improvement to the Tilley and Terry (1963) in vitro technique was Jones and 

Hayward's (1975) two-stage pepsin-cellulase digestion procedure that basically removed the need 

for rumen liquor. McLeod and Minson (1978) have shown significant correlations of in vivo 

digestibility estimate with that of the pepsin-cellulase technique for both legumes (r = O. 91) and 

grasses (r 0.94). Moreover, relatively accurate estimates of digestibility was obtained with both 

the pepsin-cellulase technique and in vitro rumen fermentation as the respective regressions for 

combined forages showed RSD of ± 3.0 and ± 2.6 digestibility units (McLeod and Minson, 1978; 

Corbett, 1978). Commercially available cellulase enzymes prepared from fungal extracts might 

appear costly, but certain modifications to utilise low grade cellulases make it (the pepsin-cellulase 

technique) a cost effective and viable alternative to the rumen fermentation method (Clarke et al., 

1982). These improvements in techniques for estimating in vitro digestibility are meaningless if 

based on feed material other than the diet selected by the grazing animal. 
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Representative herbage samples for the in vitro digestibility assay can be obtained by manual 

plucking of the grazed horizon or by use of the animals fitted with oesophageal fistulae (OF) 

(Langlands, 1975; McManus, 1981). Samples collected using OF animals will obviously be more 

representative of the diet selected. However there some possible sources of error (Corbett, 1981; 

McManus, 1981) that one should consider: 

1. The relationship between the in vitro and in vivo estimates of digestibility may not apply to the 

test animals; particularly when digestibility values normally obtained with adult animals fed near 

maintenance are required for other classes of animals with different levels of intake, e.g. growing 

animals. 

2. Even if the relationship is applicable only a single digestibility value is obtained for all the 

experimental animals, in ignorance of differences in their individual levels of intake. 

3. Individual experimental animals may select a diet which differs in digestibility from that selected 

by the OF animal. 

Calibration of in vitro digestibility of OF samples to faecal N has been suggested such that N 

concentrations in faeces of non-OF animals could indicate appropriate individual adjustments of the 

in vitro values (Corbett, 1981). Dove and Mayes (1991) maintain that use of n-alkanes to estimate 

digestibility avoids error sources 1 and 2 but not 3, by doing away with the need for OF animals. 

Alternative techniques to the in vitro digestibility based on OF extrusa sampling will have to be 

competitive in convenience, accuracy and costs. Nonetheless basic management and 

standardisation of experimental conditions (pasture and animals) shoutd ensure the continued use 

of the OF animal for representative pasture sampling for reliable digestibility estimates by the in vitro 

technique (Hogan, 1981; McManus, 1981). 

2.4.3.3 The in vivo Nylon bag technique 

The "nylon bag" method involves incubation of forage samples in bags made of indigestible fabrics 

such as nylon, dacron or silk directly in the rumen (in vivo). Both rate and extent of digestion may 

be measured by loss of dry matter or specific nutrients after a period of incubation. A major short 

coming of this technique is the difficulty in standardising and therefore subject to considerable 

variability (Marten, 1981). It is however a very convenient and practical means for mass screening 

of forage samples. It is also useful for the direct assessment of the influence of rumen conditions 

on digestion of limited number of samples (Mehrez et al., 1977). 
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2.4.4 Site of digestion measurements 

Forage evaluation requires quantitative measurements of the fate of that forage and its constituent 

nutrients in the ruminant digestive tract in relation to the processes of microbial digestion and cell 

synthesis in the rumen, passage of material from the stomach to the intestines and the enzymatic 

hydrolysis and absorption of the nutrient metabolites. These processes (cum. site of digestion) are 

measured as differences between the amounts of various digesta components that pass from one 

section of the tract to another (Hogan, 1981). Thus estimates of site of digestion are made in 

relation to digesta flow. The major nutrient entities in plant material which disappeared per segment 

gives an indication of types of metabolites actually available and absorbed by the animal. 

Digestibility estimates (difference between intake and faecal loss) cannot provide this information. 

There are two ways of estimating digesta flow and sites of digestion: 

(i) by using re-entrant cannulae ( MacRae and Ulyatt, 1972; MacRae, 1975; Hogan, 1981; Lindsay 

and Armstrong, 1982), or 

(ij) by use of indigestible markers administered at different sections of the tract via simple 'T' shape 

cannulae (MacRae and Ulyatt, 1972; Faichney, 1975; Hogan 1981). 

The use of re-entrant cannulae for grazing animals has major limitations due to the vulnerability of 

the cannulae and the need to return collected digesta to the distal cannula continuously (Hogan, 

1981). Use of inert marker substances is the appropriate choice in grazing situations (Kotb and 

Luckey, 1972). 

2.4.4.1 Digesta flow measurement by reference to marker substances 

The basic criteria and principle of marker application in digesta flow measurements was given by 

Kotb and Luckey (1972). Detailed reviews of current methodology of this technique are provided 

elsewhere (Faichney, 1975; Warner, 1981), and a working summary is given by Hogan (1981). The 

underlying principle of the technique is that if a marker is pumped into one section of the digestive 

tract continuously for a sufficient time to reach equilibrium, then on average, 100% of the daily 

dose of the marker will pass each subsequent section of the tract each day (Hogan, 1981). Hence 

if samples of djgesta are collected from any point distal to the infusion point, the flow of digesta 

can be obtained by dividing the rate of infusion by concentration of the marker (Faichney, 1975; 

Hogan, 1981). The flow of any constituent of the digesta ego water, OM, ammonia, amino acids, 

etc. can be calculated from its concentration in the digesta by reference to the marker it is 

associated with (Faichney, 1975). 
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However, in the different compartments of the digestive tract, rate of passage of particles (solid 

phase) differs from that of solutes (liquid phase). There is also the difficulty associated with 

sampling from the cannula, that the composition (solids:liquid phase) of the digesta collected may 

not be representative of true digesta flowing past the cannula (Hogan and Weston, 1967). This 

problems can be solved by use of two markers; one to associate with the solid phase and the other 

for the liquid phase. Markers of the solid phase include indigestible forage components (internal) 

such as lignin, acid insoluble ash (AlA) (Egan and Doyle, 1984) or indigestible ADF (IADF) (Penning 

and Johnson, 1983; Siddons et al., 1985) and external substances which are adsorbed by 

particulate material such as various rare earth elements, viz. cerium (Ce), ruthenium (Ru), ytterbium 

(Yb), dysporium (Dyl, samarium (Sm) and lanthaium (Kotb and Luckey, 1972; Goetsch and Owens, 

1985). Liquid markers include polyethylene glycol (PEG), chromium complexed with 

ethylenediamine tetraacetic acid (Cr-EDTA) or cobalt complexed with EDTA (Co-EDTA) (Hogan, 

1981). Radioactive forms of markers are also useful, such as 51Cr as in 51Cr-EDTA (Downes and 

McDonald, 1964; Grovum and Williams, 1973). 

True digesta can be reconstituted from sampled digesta using the double marker technique 

(Faichney, 1975). The procedure for sampling digesta and its preparation for determination of the 

respective marker concentrations are described in Faichney (1975) and Hogan (1981), and also in 

Appendix I in this thesis. The relative sites of digestion and absorption of nutrients can be obtained 

by difference between amounts flowing past the sampling point relative to amounts in intake and 

that voided in faeces, or from difference in flow between any two sampling points. 

2.4.4.2 Measurement of rumen and post-ruminal digestion and supply of nutrients 

Quantitative estimates of the major nutrient (N and energy) supply can be made with reference to 

the amount of digesta that pass in and out of a particular section of the digestive tract. Partition 

of N digestion and supply is measured relative to N constituents in the respective liquid (ammonia-N) 

and solid (dietary and microbial protein N) digesta phase. Total N flow less the ammonia-N in 

digesta post rumen gives a measure of dietary and microbial N, referred to as non ammonia-N 

(NAN), which is available for digestion and absorption in the small intestine (Lindsay and Armstrong, 

1982; ARC, 1984). 

Estimation of outflow of rumen microbes is essential in most studies if the amount of undegraded 

dietary protein supplied at the small intestine is to be quantified. Markers are particularly useful in 

this regard and are of two types; those which can be incorporated into, or ones synthesised by the 

rumen micro-organisms (Hume, 1976). Incorporated mark~rs used· include 35 5 and 15N, and 
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synthesised markers include ribonucleic acid (RNA), the amino acids diaminopimelic acid (DAP) and 

aminoethylphosphonic acid, and other amino acids. The proportion of the protein in the digesta 

which is of microbial origin can be estimated from the ratio of the concentration of the marker in 

the digesta and the concentration in the purified microbial fraction isolated from the digesta (Hume, 

1976 ; Hogan, 1981; 8eever et aI., 1986a). This in turn permits the estimation of the amount of 

non-microbial OM, mainly of dietary origin, in the digesta leaving the stomach, and therefore 

digestible OM truly digested in the rumen can be estimated. 

2.5 Conclusion 

Constraints to animal production grazing pasture may be due to low feed availability associated with 

seasonal climatic conditions. Agronomist and plant breeders can release improved pasture species 

or varieties to counter periods of low pasture productivity. However, the high dry matter yield may 

be of little use if its nutritive value is low. Herbage composition determine the nutritive value of 

pasture and the grazing animal performance to a large extent. Understanding the importance of 

differences in herbage composition, their effects on digestion and nutrient supply and utilisation is 

essential before a pasture species can be confidently recommended for a particular animal 

production system. Techniques for pasture evaluation are well developed and choice of a technique 

at any stage of evaluation may only be limited due to costs and convenience of time relative to end 

result. Evaluation of pasture species for site of digestion and nutrient supply and utilisation may 

be fairly advanced but necessary for intensive grazing animal production systems. 



38 

CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Introduction 

This experiment was in part a continuation of work between DSIR-Grasslands Division at Lincoln 

and the Lincoln University Animal Science Department on evaluating Grasslands Puna chicory as 

a summer forage for sheep (Fraser et al., 1988). Intact lambs were used to measure 'Iamb growth 

rate' (LGR) and companion lambs with rumen and duodenal fistulae were used to measure 'site of 

digestion' (SOD) on Puna chicory and Wana cocksfoot pastures. The two groups of lambs and their 

designated work (trials/measurements) are hereafter referred to as LGR and SOD, respectively. 

Major techniques used in this experiment involved application of markers for the measurement of 

digesta flow or faecal output in determination of pasture intake, site of digestion and nutrient supply 

for lamb growth. 

3.2 Experimental site and season 

The experiment was conducted on paddocks of Puna and Wana pastures established at the 

Johnstone Memorial Laboratory (JML), Lincoln University and at the DSIR Lincoln. The grazing trial 

covered a six week period from the 14 November to the 28th December, 1989 (late spring/early 

summer). 

The soil type of the experimental areas is Templeton or Wakanui siltloams and is free draining. 

Average annual rainfall for the last 5 years was 650mm with a pronounced dry spell in late summer. 

Average minimum and maximum temperatures ranged from O.SoC and SoC in winter to 18°C and 

25°C in summer I respectively. A summary of climatic data over the last 10 years to 1990 is 

provided by Kitessa (1992). 
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3.3 Experimental design 

A completely randomised design was used with two treatments of pasture species and equal 

number of animals (LGR and SOD lambs). Random allocation of lambs between treatments was 

achieved from pairs stratified by weight and the toss of a coin for each pair. 

3.3.1 Pasture treatments 

The two treatments were Puna chicory (Cichorium intybus) and Wana cocksfoot (Dacty/is 

g/omerata) pure species pastures, offered at a high herbage mass while maintained in a vegetative 

state. 

3.3.2 Animal replication 

The LGR part of the experiment for measurement of liveweight gain and herbage intake had 10 

lambs for each treatment. The SOD trial had 6 lambs per treatment. Three lambs each fitted with 

a oesophageal fistula (OF) were used to sample herbage ingested for both the LGR and the SOD 

trials (n = 3x2) on each pasture. Two rumen cannulated lambs were used to obtain 'nylon bag' 

digestibility of the two pastures in a cross over design to give 4 replicates per treatment. 

3.4 Type of animals and management 

Weaned ram lambs about 11 weeks old were used for the experiment. All the animals used in this 

experiment were provided from late winter-born lambs of the Lincoln University Research Farm ewe 

flocks. The lambs were of two breed types; Border Leicester and Dorset Down X Coopworth 

cross. The latter breed type provided the lambs that were surgically modified (SOD and OF lambs). 

Surgery was performed four weeks prior to the period when sampling for site of digestion 

measurements was required (LGR trial). 

All lambs were weaned on the 24th October, 1989 at an average age of 8 weeks. Each lamb was 

vaccinated s.c. with 2ml of a clostridial vaccine (VETIMAX #5 containing 5mg Se/dose) which 

protects against the following diseases: pulpy kidney, tetanus, malignant oedema and selenium 

responsive diseases. Lambs were also drenched for gastro-intestinal parasites initially with 5ml of 

ivermectin (lVOMEC) and 3 weeks later (beginning of experiment) with 5ml oxbendazole 

(PANACUR) per lamb. 



40 

3.4.1 lGR lambs 

Twenty Border Leicester ram lambs were used in the LGR trial, ten for each pasture treatment. By 

allocating each lamb as described in section 3.2, the average initialliveweight was 22.7 ± 0.61 and 

22.7±0.58 kg for lambs on Puna and Wana, respectively. 

3.4.2 SOD lambs 

Twelve Dorset Down X Coopworth cross ram lambs were used as the SOD lambs. These lambs 

were weaned at the same time, similar age and liveweight to the intact Border Leicester (lGR) 

lambs. Each lamb was fitted with a rumen and a duodenal fistula. The rumen cannula was 45 mm 

diameter, plugged with a rubber bung perforated with two inlet tubes for infusion of two markers. 

The smaller 20 mm diameter duodenal cannula was for sampling of digesta through natural out-flow 

when unplugged (Plate 3.1). The lambs were experienced to site of digestion work and were kept 

on ryegrass/white clover pasture when not required for this study. 

3.4.3 Oesophageal fistulated (OFllambs and extrusa collection 

Three Dorset Down X Coopworth cross ram lambs were each fitted with an oesophageal fistula 

(OF). The cannula was a split 'T' shape( Plate 3.1). TO collect oesophageal extrusa samples: the 

cannula was removed and a foam rubber plug was inserted in the oesophagus distal to the fistula. 

Through the action of swallowing, extrusa was collected onto a polythene sheet secured around 

the neck and chest. All of the extrusa sample collected was stored at -15°C and later freeze-dried 

for analyses of botanical and chemical composition per animal/pasture. 

The OF lambs were introduced to both pastures for at least a day to acclimatise before sampling 

took place. Samples were collected over two 30 minute duration of grazing, after about a 4 hour 

fast enforced by tethering the lambs. Oesophageal extrusa was obtained using all 3 lambs on both 

pastures within a 3 day period. These lambs were kept on ryegrass/white clover pasture when not 

required for this study. 

3.5 Grazing management 

The provision of high herbage mass and allowances on both pastures during the course of this 
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experiment was the major feed management criteria. Given the minimum pasture mass of 6000 

kgDM/ha and 2500 kgDM/ha and average subdivisions ranging from 0.1 ha to 0.3ha carrying 10 

lambs per week, the minimum herbage allowance were 12.5 and 15 kgDM/lamb/d on Puna and 

Wana pastures, respectively. 

A fresh break of Puna was offered each week, whereas the Wana paddock was divided in three 

sub-divisions and each sub-division was grazed in rotation (twice) for a week with a two week spell 

in between. Pasture was allocated using the 'Flexinet' electric fencing (Electric Netting: Bramley 

and Wellesley Ltd.). Fresh water was provided daily, but no salt lick or any other feed supplement 

was given. Further detail of grazing management is provided in the description of each pasture 

species below. 

3.5.1 Grasslands Puna chicory (Cichorium intybus) pasture 

For the first four weeks, Lincoln DSIR chicory seed paddock was used for the LGR trial. This area 

was a well established 2 year old field sown at 3kg seed/ha. A total of 100 kg N/ha as urea 

fertiliser was applied in 2 applications by November. Plants were in the early inflorescence stage 

with an average plant height of about 1 .5m (Plate 3.2). 

An allowance of 16 kgDM/lamb/d was achieved by allocating 0.125 ha/week to the 10 LGR lambs 

grazing the DSIR paddock. Lambs were also allowed aCQess to regrowth from the previously grazed 

area from weeks 2 to 4. During weeks 5 and 6, the LGR lambs were transferred to the JML 

paddock, a recently (early spring) sown, 1.3 ha field, relatively well established and with an average 

plant height about OAm and Puna dominating 80% ground cover. It was estimated by eye that 

herbage mass about 2 to 2.5 tons/ha and since the LGR lambs had access to the whole paddock 

for the final two weeks, allowance was at least 18 kgDM/lamb/d. The counterpart SOD lambs 

remained on the DSIR area with access to a 0.085ha fresh break (9t DM/ha) and 0.375 ha regrowth 

(2t DM/hal; an allowance of about 18kgDM/lamb/d. 

3.5.2 Wana cocksfoot (Dacty/is g/omerata) pasture 

The Wana pasture used was an established 1.1 ha paddock of the Johnson Memorial Lab ( .. IML), 

Lincoln University. It was maintained under sprinkler irrigation and fertilised with 100kg N/ha 

applied as urea in early spring. 
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The paddock was divided equally into 3 sub-divisions with 'flexinet'electric fencing. This provided 

for the rotation of 1 week grazing with a 2 week regrowth period of each sub-division. The area 

was maintained in a vegetative state by topping and intensive grazing by other lambs (40 ewe 

hoggets) in week 4 of the 6 week grazing period, when seed heads became noticeable. 

3.5.3 Pasture sampling 

Assessment of pasture cover enabled objective decisions in providing pasture allowances as 

required. Both eye estimates and quadrat cuts of pasture mass were used. Hand-plucked pasture 

samples and OF extrusa were taken for chemical analyses of herbage ingested. All pasture samples 

were analysed for botanical composition (leaf, stem, seedhead, dead matter and other species). 

(a). Puna chicory 

Only two quadrat cuts of Puna were taken, both at the start of the grazing period (17 December). 

One was of the lowest and the other at the highest pasture cover with respect to height. 

Photographs were taken in the second week of grazing which showed differences between the 

ungrazed (before) and the grazed (after) portions of the Puna pasture (Plate 4.1). 

Five other plants (ungrazed) were randomly selected and cut at ground level. These plants were 

dissected into different parts (viz. stem and leaf) with respect to the observed height of grazing, and 

sampled for chemical analysis (OM, NDF and N) and in vitro digestibility estimate. 

Oesophageal extrusa samples of Puna were taken on 7 and 14 December for lGR and SOD lambs, 

respectively. 

(p). Wana cocksfoot 

Quadrat cuts of Wana were made in week 1, 3 and 5 of the. grazing period. A minimum of 50 

readings of a pasture capacitance probe was taken over a liZ" or "W" criss-cross of the area being 

grazed. Four quadrat cut sites were then selected, two corresponding to the mean reading 

representing mean pasture cover and the other two respectively for minimum and maximum cover. 

The 0.125 m2 quadrat was cut to ground level using a clipper powered by a portable generator 

(Plate 3.3). The cut herbage was washed to remove soil and dung, and oven-dried overnight 

(105°C). After weighing for OM, all four cuts were bulked and a subsample was taken for botanical 

analysis. 
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Hand-plucked samples were also taken when eye estimate of herbage mass was being done. The 

thumb and the index finger were used to simulate the bite of sheep. This was done at every 5th 

step in a criss-cross trail until about 500g of fresh herbage was collected. The samples were stored 

at -15°C and later freeze-dried for chemical (OM, NDF and N) and botanical analysis. 

Oesophageal extrusa samples of Wana were taken per OF lamb on 5 and 16 December for LGR and 

SOD lambs, respectively. 

3.6 Lamb growth rate (LGR) trial 

The specific aim of this part of the experiment was to measure liveweight gain (LWG) of weaner 

lambs over a 6 week grazing period and to measure the corresponding intake on pasture. 

3.6.1 Liveweight gain 

Liveweight of each lamb was recorded weekly on an electronic scale (± 0.1 kg). Lambs grazing the 

DSIR chicory paddock were transported 2 km for weighing and returned within an hour. 

Prior to the initial, and following the final weighing, lambs were fasted indoors for 24 hours to give 

a fasted liveweight. Liveweight gain per day (g LWG/d) was obtained by regression of change in 

lamb liveweight (unfasted) on number of days per week. 

3.6.2 Herbage intake 

Herbage intake of the LGR lambs was determined during week 3 from an indirect estimate of faecal 

output and in vitro digestibility measured from OIF extrusa samples. The following relationship 

(Equation 2.2) was used, i.e.: 

Intake (g DM/d) FO/(1 - D), 

where; FO =:; faecal output (gDM/d), 

and D :=; in vitro digestibility. 

These two components of the intake measurement are described below. 
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(a). Faecal output (FO) 

Faecal output was estimated by reference to dilution of two faecal markers, chromium oxide (Cr 203) 

and ytterbium acetate (Vb). Individual lambs were given orally a 1 g gelatin capsule of Cr 203 and 

5mls of a 80mg/l Vb acetate solution twice daily at approximately 0800 and 1600 hours for 8 days. 

During the last 4 days, grab samples of faeces (standardised to 10 ml in a modified syringe) were 

taken from the rectum when dosing markers, and bulked within lambs. 

Total faecal collection was made on 3 lambs per treatment with faecal samples obtained per rectum 

as described above. Harnesses and plastic coated canvas collection bags were used, emptied twice 

daily at the time of dosing. Weight of total faeces produced was taken, and an equal proportion 

of about 40% of each half day collection was bulked for each of the 4 days per lamb. 

Marker concentration in the total faeces collection and in the grab samples for the 3 lambs were 

compared and adjustments were made for diurnal variation in marker concentration of the grab 

sample. Since two markers were used, two estimates of faecal output were obtained. 

(b). Digestibility 

Digestibility of the forage ingested was measured on oesophageal extrusa samples using the two 

stage in vitro digestion technique (pepsin-cellulase solubility) of Tilley and Terry (1963) with 

modification suggested by McLeod and Minson (1978 ~nd 1980) and Clarke et al. (1982). The in 

vitro procedure is described later in Section 3.8.4. 

3.7 Site of digestion (SOD) trial 

The SOD lambs were introduced to the respective pasture treatments for a 6 day acclimatisation 

period before marker administration commenced. Markers used were to estimate site of digestion 

to determine nutrient supply as well as faecal output for estimation of intake. The SOD trial was 

carried out during weeks 4 and the early part of week 5 of the six week grazing period for LGR 

lambs. 

3.7.1 Marker infusion and collection of digesta samples and faeces 

Portable peristaltic infusion pumps ('Siropump' ,Everest Electronic, South Australia) infused Cr-EDT A 
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and Vb acetate as the respective liquid and particulate markers of digesta (Faichney, 1975 and 

1980; Siddons et al. 1985) continuously into the rumen for 7 days. The marker solutions were 

prepared separately and carried in 2 respective plastic reservoirs (Vaxipac, 200 ml, ICI Tasman) 

strapped onto the back of the lamb (Plate 3.4). The weight of infusate before and at the end of 

each days infusion run was recorded. A primer dose (approximately 150 ml infusate of each marker 

solution) was given manually at the beginning of the 7 day infusion period. 

Sampling of digesta and faeces was done during the last 2 days (48 hours) of marker infusion. 

Sampling times were organised to represent sampling at 3 hour intervals within a theoretical 24 

hour day. An equal proportion of sample (digesta or faeces) from each sampling time was bulked 

within day 1 and 2, respectively, for each lamb. 

Duodenal digesta was collected by natural peristaltic out flow from the duodenal cannula when 

unplugged, into a plastic bag (200 x 150 mm) secured around the cannula. About 150 ml of 

digesta was obtained in less than 10 minutes from each lamb and excess digesta was returned. 

The digesta collected was stored in the freezer as whole digesta (WD) and aJiquid fraction which 

was the supernatant (S) from centrifuged WD (@ 2500 rpm for 10 minutes). The whole digesta 

and supernatant were respectively bulked within day (1 or 2) within lambs and a sUbsample 

obtained. These samples were analysed for Cr, Vb, DM, OM, total N and ammonia N. 

Faeces was collected using total collection bags which were strapped onto the lambs at 12:00 hrs 

on day 1 of sampling and emptied at each sampling time during day 1 and 2, respectively. Faeces 

was weighed and an equal proportion (c.40%) from each of the four sampling times within a day 

was bulked within lambs and subsampled. Faeces was analysed forDM, OM, N, and the markers 

Cr and Vb. 

3.7.2 Digesta flow and nutrient supply 

Digesta flow rate at the duodenum and nutrient supply was determined by reference to the passage 

rate of the markers, Cr-EDTA and Vb acetate. The procedure is described in Appendix I and is 

essentially the double marker technique of Faichney (1975) used for reconstituting true digesta flow 

from marker content of sampled whole digesta and its liquid fraction. Digesta sampled did not 

represent true digesta (TD), therefore TD was reconstituted mathematically (Faichney, 1975). 

The flow of true digesta constituents, viz. OM, N, and ammonia-N were derived as described in 

Appendix I. Non ammonia-N (NAN) was calculated as the difference between the flow of total N 
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and ammonia-N at the duodenum. Digestible OM apparently digested in the rumen (DOMADR) was 

the difference between aMI and OM flow at the duodenum relative to the DOMI. 

3.7.3 Intake 

Dry matter intake of the SOD lambs was determined as described for LGR lambs (Section 3.6.2), 

however, the markers used were Cr-EDTA and Vb acetate, infused in the rumen and recovered in 

total faecal collection. The average recovery rate of each marker, corrected for 100% recovery, 

was used to estimate faecal output within lambs on the same treatment. Percentage OM and N of 

oesophageal extrusa was used to determine intake of OM and N, respectively. 

3.7.4 Retention time of markers in the rumen 

Mean marker retention time (MRT) in the rumen was determined from the exponential decline of 

marker concentration in duodenal digesta from samples collected every 3 hours for 15 hours after 

the continuous infusion of Cr-EDTA and Vb acetate into the rumen of SOD lambs was ceased. 

The concentration (transformed to natural log) of each marker was regressed against time for each 

lamb and the MRT was calculated as the reciprocal of the slope of the disappearance curve. A full 

description of this technique of estimating mean retention time of rumen as given by Faichney 

(1975) is summarised in Appendix I. 

3.7.5 Rumen liquor sampling 

Samples of rumen liquor were collected during the last day of marker infusion at the time of 

duodenal digesta sampling. Four samples were taken and bulked per lamb. A 20cm probe, its tip 

covered with cheese cloth was inserted through the rumen cannula and 20ml of fluid drawn (using 

a syringe) and acidified with 4 to 5 drops of concentrate sulphuric acid. The samples were analysed 

for ammonia N. 

3.7.6 Nylon bag digestibility measurement 

The nylon bag digestibility technique was used to measure OM digestion in the rumen. This was 

done after the SOD work from which two lambs were progressively fitted with increasingly larger 
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cannulae over a week to produce a 60 mm diameter rumen cannula. The lambs were run on rye 

grass/white clover pasture. 

Puna and Wana herbage was hand plucked, macerated in a homogeniser and samples of about 25g 

fresh material were filled to each of 14 dry tared nylon bags. Duplicate samples were placed in the 

rumen for 0, 4,8, 12, 24, 48 and 72 hours incubation period, respectively. After removal from the 

rumen, each b~g was washed thoroughly under running tap water for 5 minutes and oven dried to 

a constant dry weight. The OM loss calculated from the difference in the weight of sample before 

and after incubation in the rumen was assumed to be the digestible and/or soluble fraction. A 

cross-over design was used so that each pasture had digestibility measured in both lambs. 

3.S Analytical techniques 

Herbage, extrusa and faeces were freeze dried and ground through a 1 mm sieve for all chemical 

analysis. Each individual analysis was done in duplicate and repeated when a difference of more 

than 5% existed within duplicates. 

3.8.1 Marker analysis 

Cr and Vb were analysed by atomic absorption spectophotometry (ASS) (model ShimadzuAA-

670/G U-5). Extraction of Cr from Cr-EOTA and Vb followed the procedure described for Vb by 

Siddons et al. (1985). Samples (20ml digesta, supernatant; 1 g faeces) were oven dried at 105°C 

(faeces for 24 hand digesta for 48h) and ashed at 550°C in a muffled furnace for 6-8 hours. Ash 

was reconstituted in 20 ml of 2 % nitric acid solution containing 1 mg/ml K as potassium chloride, 

over an hour of shaking. A further hour was allowed for undissolved ash to settle and Cr and Vb 

were read on the ASS. 

Standards were prepared using Cr and Vb free digesta or faeces (blanks, collected prior to marker 

administration) and stock solutions containing 1 g/I Vb as ytterbium acetate or 1 g/I Cr as potassium 

dichromate. Aliquouts of the standard solutions were added to dried 'blank' samples, ashed and 

reconstituted as it was done for sample proper (described above). Solutions of Cr-EOT A and Vb 

acetate infusates were analysed by adding to dried blank digesta or faeces and treated similar to 

standards for extraction of Cr and Vb. Cr was read using an acetylene flame while Vb was read 

using a nitrous oxide-acetylene flame. 
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Measurement of Cr 20S concentration in faeces was similar but extraction of Cr was by the method 

proposed by Williams et al. (1962). A 0.5g sample was ashed at 550°C for 6-8h and digested in 

9 ml of phosphoric acid-manganese sUlphate solution (30 ml. of 10%, w/v, MnS04 .4H20 solution 

in 11 of 85% phosphoric acid) and 10 mls of 10%, wlv, potassium bromate solution. Digestion took 

10-15 minutes of gentle boiling until effervescence ceased and a purple colour (permanganate) 

appeared. The solution was then made up to 100 mls and about 10 ml aliquot was read for Cr on 

the AAS. Standards were prepared using blank faeces and 1 mg/I Cr as potassium dichromate. 

3.8.2 Organic matter (OM) and ash 

Organic matter (OM) and ash content of all samples were determined by ashing at 550°C for 6-8h. 

3.8.3 Nitrogen 

Kjeldahl N concentration was determined in 0.5g of freeze-dried herbage or faeces and 5mls (by 

weight) of duodenal digesta samples, respectively. The Kjeldahl digestion system (Tecator, 

Hoganas, Sweden) was used with an automated distillation and titration unit (Kjeltec Auto 1030 

Analyser). 

Samples were digested for at least 2 hours in 20mls of concentrated sulphuric acid with a 19:1 

K2S04 :CUS04 catalyst. Steam distillation in 40% sodium hydroxide released N as ammonia N which 

was titrated against 0.2 N hydrochloric acid standardised with 0.2 N sodium tetraborate. 

Ammonia N concentration of duodenal digesta and rumen liquor was determined in 5 g weight 

(approx. 5 mil samples using the Kjeltec System 1002 Distillation unit. The samples were made 

alkaline with saturated sodium tetra borate solution and steam distilled into boric acid and titrated 

against hydrochloric acid. 

3.8.4 Neutral detergent fibre (NDF) 

Ash free NDF content of herbages was determined on duplicate 1.0 g samples following the method 

described by Van Soest and Wine (1967). A simple refluxing apparatus consisting of a heating 

mantle, 250ml beakers and condensers made from 250ml round bottom flasks with coolant water 

flowing from one flask to another In series was used. Herbage material was digested in 60ml of 
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NDF reagent (19g sodium-EDTA, 17g ammonium pentaborate and 30g sodium lauryl sulphate/ll by 

bringing to boil in 5-10 minutes and simmering for an hour. The samples were then filtered through 

40-50ml sintered Gooch crucibles (Pyrex #3680/02, porosity 1)' washed with hot distilled water, 

rinsed with acetone, oven dried overnight at 105°C and ashed for 6-8h at 550°C. 

3.8.5 In vitro digestibility 

In vitro digestibility was measured in oesophageal extrusa samples by the two-stage pepsin-cellulase 

digestion technique of Jones and Hayward (1975), with modifications suggested by McLeod and 

Minson (1978, 1980) and Clarke etal. (1982). Duplicate 0.5g samples were incubated at 50°C for 

68h in 60ml of 0.3% (w/v) pepsin (Pepsin A powder, BDH Chemicals Ltd., Poole, England) solution 

in 0.125% HCL. Samples were then washed and incubated in a total of 60ml buffered cellulase 

(Onozuka 3S cellulase) solution at 50°C for a further 48h (Clarke et al., 1982). After filtration, the 

samples were washed and dried at 105°C over night, weighed and then ashed at 550°C for 6-8 

hours. 

The dry matter digestibility (DIVID) and organic matter digestibility (OMD) derived were corrected 

in vitro digestibility values based on equations derived using local grass and legume forages at the 

Animal and Veterinary Sciences Laboratory, Lincoln University. The respective equations were; 

DMD ::::: (% in vitro DMD x 0.902) + 6.70, 

where % in vitro DMD ::::: (sample DM - residue DM)/ sample DM, and 

OrvlD ::::: (% in vitro OMD x 1.03) + 2.81, 

where % in vitro OMD ::::: (OM in sample DM - OM in residuel/OM in sample DM. 

3.8.6 Botanical composition 

Herbage samples from quadrat cuts, hand-plucked herbage and oesophageal extrusa were freeze

dried before analysis for botanical composition. Samples were quartered, the opposite quarters 

discarded, the remaining half mixed and the quartering continued until about 400 pieces of material 

remained. For the first of each sample type, a 100 piece sub-sample was counted and weighed to 

determine the size by weight of a 400 piece sub-sample (x4). Dissection into dead, leaf, stem, 

seed head or other species was done on the 400 piece sub-sample and the composition was 

expressed as a proportion or percentage by weight. 
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3.9 Statistical analysis 

Data were analysed by the SAS statistical package (SAS Institute Inc., 1989) using the General 

Linear Model procedure (PROe GLM) to analyse data (Y) as: 

Y J1 + treatment + animals + e .......................... Equation 3.1, 

where: treatment = pasture (n = 2) 

animals = replication (n = 4 or 10 for SOD and LGR lambs, resp.), 

and e = random error. 

Pasture x animal interaction was non-existent. Week as a main effect was introduced in the variance 

analysis for LWG. Transformation of data was required for the exponential rate of decline in marker 

concentration (e) over time, following cessation of marker infusion (Section 3.7 A); i.e. log e 

regressed on time (t, hours). The derived data, viz. total volume of digesta flow (V, lId) and mean 

marker retention time (MRT, hours) was analysed for the main effects by PRCe. GLM (SAS) 

following Equation 3.1. Treatment means and standard errors were generated using the SAS Tables 

procedure (PROe TABLES) and differences were tested with the least significant difference (LSD, 

p=O.05) test. The nylon bag DM digestibility data was analysed with the 'student t-test' for 

comparison of means per period of incubation in the rumen for the two herbages. 
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Plate 3.1: The variety of cannulae and plugs used in the present exper,iment: (1) rumen cannula 
for nylon bag digestibility trial, (2) plug for smaller rumen cannula (cannula not shown) used to 
infuse markers, (3) duodenal cannula and p;lug (top) which when unplugged allowed collection of 
d'igesta through natural out-flow, and (4) the split 'T' -sh ape cannula fo r oesophagea'i fistu l1a to 
collect extrusa samples . 

Plate 3.2: Grasslands Puna chicory (Cichorium intybus) pasture at an average plant height of 
1.5m in early inflorescence stage at the time of the present experiment. 
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Plate 3.3: The clipper powered by a portable generator and the O.125m2 quadrat cut used for 
sampling Wana cocksfoot (Dactylis glomerata), also showing the cLltting height to ground level. 

Plate 3.4: An SOD lamb revealing the portable marker infusion apparatus: a pl,astic reservoi,r for 
marker solution (the other barely visible on the other si,de) and the battery powered peristaltic 
infusion pump. 
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CHAPTER FOUR 

RESULTS 

4. 1 Herbage mass on offer 

Mean herbage mass of the two pastures is shown in Table 4.1. The two 'quadrat' samples of Puna 

chicory (Puna) taken were in the first week to estimate pre-grazing herbage mass; one was of the 

area showing the lowest pasture cover (6.8 t OM/hal, representing only 5 % of the total paddock 

area. The remainder of the paddock area (95%) had a consistently high pasture cover of 9 tons 

OM/ha. The photograph of the Puna pasture (Plate 3.2) illustrates the height and herbage mass on 

offer. Cut plant samples of Puna when dissected into leaf:stem or green:dead material, yielded ratios 

(in percentage units) of 58:42 and 83: 17, respectively of total OM. Puna herbage contained 12 % 

dry matter. 

Wana cocksfoot pasture (Wan a) had an average mass of 3067 ± 140 kgOM/ha during the six weeks 

of grazing. This was the estimate from mean of three quadrat cuts in weeks 1,3 and 5 (n "" 3) from 

sub-divisions in mid grazing (Plate 3.2). A low seed head content (3.5%; Figure 4.1 ) of the Wana 

pasture was indicative of its vegetative state. Fresh herbage of Wana contained 25 % OM. 

Plate 4.1 illustrates the residual herbage mass on Puna. Wana herbage mass in mid grazing 

estimated by eye as 2583 ± 240 kgOM/ha was conservative compared to the quadrat cuts (Table 

4.1) and aided decisions on when to move stock for maintainance of high residual mass and 

herbage allowance. 

4.2 Pasture quality and diet selected 

Both Puna and Wana pastures were virtually pure species swards as no other species was detected 

in the analysis of botanical composition from quadrat cut or hand plucked pasture samples (Figure 

4.1 for Wana cocksfootl. Table 4.2 shows that the diets selected were almost purely of the two 

respective herbages. Leaf constituted on average 86% and 93% of OM ingested for Puna and 

Wana, respectively. The two groups of lambs (LGR and SOO) on selected diets similar in botanical 

composition on each pasture (Table 4.21. 



Table 4.1: Herbage mass (mean ± s.e.) to ground level of Puna chicory 
(n 1) and Wana cocksfoot measured from quadrat cuts (n::::: 3) and by eye 
estimate (n::::: 7) 

Pasture 

Puna chicory 

on 5% area# 

on >90% area# 

Average 

Wana cocksfoot 

quadrat cuts 

eye estimate 

Herbage mass 

6800 

9000 

8890 

3067±140 

2583±240 

# amount of cover was assesed by eye relative to height (see Plate 3.2) 

Table 4.2: Botanical composition (% DM) of herbage ingested by LGR and SOD lambs from 
Puna chicory and Wana cocks foot 

n OfF extrusa composition (% DM) 

(OfF lambs) Leaf Stem Seed head Dead Others 

Puna chicory 

LGR 3 82.4±0.13 12.8 ±0.68 1.5 ± 1.60 3.6±0.96 0.0 

SOD 3 89.8±0.03 7.5 ±0.34 0.0 1.9 ±0.65 0.6 ± 1.23 

Average 86.1 10.1 0.8 2.8 0.3 

Wana cocksfoot 

LGR 3 91.2±0.02 2.2±0.52 1.7±0.78 5.0±0.45 0.0 

SOD 3 94.6±0.02 2.1 ±0.65 0.0 3.1 ±0.54 0.0 

Average 92.9 2.2 0.9 4.1 0.0 
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Plate 4.1: Grasslands Puna chicory sward divided by the 'flexinet' electric netting showing the 
pasture before and after grazi ng. 
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4.2.1 Puna chicory 

Chemical analysis of plant parts of Puna (Table 4.3) showed lower NDF and higher N content of leaf 

and stem above 50cm height associated with higher digestible DM and digestible OM content. Leaf 

contained half as much NDF (16 to 23 %), up to 5 times more N (3 %) and was over 50% more 

digestible (83 %OMD) than stem (55% OMD). It was observed that edible stem was eaten down 

to a level of 50cm above ground (Plate 4.1), whereas leaves were grazed within all horizons. 

Herbage ingested by LGR compared to SOD lambs did not differ in OM, NDF and N content and in 

vitro digestibility (Table 4.3), despite a slightly higher leaf:stem proportion of Wana over Puna (Table 

4.2). 

4.2.2 Wana cocksfoot 

Figure 4.1 illustrates the difference between herbage on offer and the diet on Wana. Lambs 

selected mainly leaf and avoided stem, seedhead and dead matter. Figure 4.1 also shows the 

similar composition of herbage ingested by LGR and SOD lambs. Hand plucked samples apparently 

discriminated less against stem and seed head compared to OfF extrusa and so underestimated the 

composition of ingested leaf by 10 percentage units. Herbage ingested by lambs had on average 

a higher N content (0.5%) and in vitro OM digestibility (6%), and lower i'JDF content (7%) 

compared to hand pluck samples (Table 4.4). 

4.2.3 Salivary contamination of fresh herbage in OfF extrusa 

By comparing the OM content of OfF extrusa to fresh hand plucked herbage of Puna (Table 4.3) or 

Wana (Table 4.4), it was apparent that salivary contamination may have increased ash content by 

at least 2 %age units. N content of Puna extrusa was little different compared to hand plucked 

leaves (average 2.75 vs 2.71 %N, respectively.) whereas for WanaT there was a difference of 0.5 

percentage units (3.8 and 3.3 %N, respectively). These differences were considered negligible and 

no adjustments for possible effects of salivary contamination was made in the analysis of ingested 

herbage. 

Puna herbage consumed by LGR and SOD lambs had an average OM digestibility of 73% (Table 

4.3), 7 %age units lower than Wana (Table 4.4). The OM digestibility of Puna reflected the 10% 

stem content to only 2% stem in the Wana diet (Table 4.2). 
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Table 4.3: Organic matter (OM), neutral detergent fibre (NDF) and nitrogen (N) content (%DM8 

basis) and in vitro digestibility (%) of Puna chicory ingested (O/F extrusa) by LGR and SOD 
lambs and plant-parts from hand picked sample plantsb

• 

Herbage ingested OM NDF N DMD OIVlD 

LGR (mean 81.8 34.9 2.6 72.6 72.6 
±sem)C ± 1.52 ± 1.83 ±2.87 ±0~84 ±1.45 

SOD (mean 81.9 31.5 2.9 72.0 73.5 
±sem) ±2.94 ±0.84 ±2.63 ±0.81 ± 1.42 

Plant part by height 

leaves >50 cm 88.4 16.4 3.2 79.8 83.1 

leaves 0-50 cm 84.3 22.6 2.2 74.9 76.9 

stemlleaves >50 cm 90.4 27.0 2.4 77.3 80.4 

stem >50 cm 93.7 56.0 0.7 54.6 55.0 

stem 25-50 cm 95.7 57.8 0.6 54.1 53.4 

stem 0-25 cm 92.3 57.8 0.6 51.4 49.0 

"Dry matter content = 12% DM; b10 plants were picked at random and cut from ground level; "mean ± standard error 

of mean 

Table 4.4: Organic matter (OM), neutral detergent fibre (NDH and nitrogen (N) content 
(%DM)' and in vitro digestibility (%)* of herbage ingested (O/F extrusa) by LGR and SOD 
lambs and hand plucked samples of Wana cocksfoot. 

Herbage sample OM NDF N DIVID OIVlD 

OIF extrusa" 

LGR lambs 89.4± 1.27 48.1 ±2.93 3.6±0.33 74.4±1.78 77.2 ± 1.32 

SOD lambs 84.0± 1.45 43.6±3.97 4.1 ±0.25 79.1 ± 2.01 82.9 ± 2.71 

Average 86.7 45.9 3.8 76.7 80.1 

Hand plucked b 91.9±0.77 52.9±2.38 3.3 ±0.40 71.7 ±2.93 74.1 ±2.99 
. 

values=mean±sem; an 3 OfF lambs; b n = 7 samples taken 1 per week during eye estimate of herbage DM 
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4.3 Animal health 

The two lightest lambs in the LGR mob grazing Puna showed symptoms of diarrhoea and were 

drenched (5mls panacur/lamb) during the third week of grazing. The condition. of these two lambs 

improved for the remainder of the trial period but the results from these two lambs contributed to 

the high variation in liveweight recorded on Puna. Otherwise, all other lambs (fistulated and intact) 

remained in good health. 

4.4 Lamb live weight gain 

The summary of liveweight and liveweight gain measured of the LGR lambs are given in Tables 4.5 

and 4.6. The liveweight profile of the LGR lambs over the six weeks, and the initial and final fasted 

liveweight, are shown in Figure 4.2. Initial fasted and 'full-gut' liveweight were similar at 20.4 and 

22.7 kg respectively for the two groups of lambs allocated for Puna and Wana pastures. Except 

for the first week, mean liveweight of lambs grazing Puna was consistently but not always 

significantly higher than for lambs grazing Wana (Figure 4.2). A similar trel)d was observed in the 

difference of fasted liveweight of lambs between the two treatments. 

Mean full-gut liveweight gain (LWG g/d) of lambs on Puna pasture was 273 ± 24.3 g/d, significantly 

higher (p <0.05) than 205 ± 9.9 g/d for lambs grazing Wana (Table 4.5). There was little difference 

in gutfill between treatments as final and fasted LWG constituted 75 and SO % of the mean LWG 

on Puna and Wana, respectively. Regression of LWG on initial fasted liveweight was not significant 

therefore no covariance analysis was used. 

Incremental changes in liveweight in consecutive weeks showed LWG in 4 of the 6 weeks was 

greater on Puna but the difference was not always significant (Table 4.6). Lamb growth on Puna 

overall, and relative to Wana, was higher over the six week grazing period. 

4.5 Herbage intake 

Pasture herbage intake was measured based on in vitro DM digestibility (Table 4.2 and 4.3) and 

the total faeces DM output estimated from dilution of markers. Table 4.7 shows the proportion of 

marker recovered in faeces for Cr 203 and Yb acetate given orally to LGR lambs and Cr-EDT A and 

Yb acetate infused into the rumen of SOD lambs. Recovery of both forms of chromium in total 

faeces DM was 5% units lower (95.4 %) than for Yb acetate (100.2 %). The overall average 
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Table 4.5: Initial and final fasted and fullgut liveweight (Lwt)1 and fasted and fullgut Iiveweight 
gain (LWG) for LGR lambs grazing Puna chicory and Wana cocksfoot 

Puna chicory Wana cocksfoot Difference# 

Fasted Lwt. (kg) initial 20.3 ±0.53A: 20.5±0.56 NS 

final 29.2 ± 1.37 27.6±0.62 NS 

Full Lwt. (kg) initial 22.7 ±0.61 22.7±0.58 NS 

final 33.8± 1.58 31.0±0.61 NS 

Fasted LWG (g/d) 43 days 205.3±22.30A: 163.9 ± 10.49 NS 

Full LWG (g/d) 42 days 272.7±24.32 204.8±9.90 * 

r"')mean±s.e, n= 10; 
(')difference between pastures, not significant INS, p>0.05) or significant 1*, p<0.051. 

Table 4.6: Uveweight gain (LWG: g/d)" by weekI of LGR lambs grazing Puna chicory 
and Wana cocksfoot 

Week Puna chicory Wana cocksfoot Difference 

1 181.0± 53.3" 313.5 ±52.8 NS 

2 215.0±67.6 88.7±33.6 NS 

3 207.1 ±34.6 234.9±46.3 NS 

4 365.3±22.3 299.4±29.4 NS 

5 304.9±36.6 156.6±36.2 * 

6 335.6±58.2 138.0±38.2 * 

(a, mean±s.e .. n = 10; 
Ibl difference between pastures, not significant INS, p>0.051 or significant (* , p<0.051. 
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Figure 4.2: The cumulative weekly liveweight of weaner lambs (LGR) grazing Puna and Wana. 
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Table 4.7: Recovery rate (%RR) of differrent markers as % of daily dosage recovered in faeces DM 
for LGR and SOD lambs from total faecal collection. 

Marker Lambs na Puna chicory Wana Average 
cocksfoot %RR 

Cr20 3 LGR 9 97.1 ± 1.42b 88.8±3.18 92.9 

Cr-EDTA SOD 12 90.4±8.77 105.4±4.37 97.9 

Average 93.8 97.1 95.4 

Vb acetate LGR 9 106.2 ± 1.11 99.5 ± 1.30 102.9 

.. SOD 11 1 09.4±9.1 0 85.7±3.56 97.6 

Average 107.8 92.6 100.2 

Overall RR (%) 100.8 94.9 97.8 

(a)LGR: n = 3 lambs x 3 days, and SOD: n = 6 lambs x 2 days, except Yb acetate where 1 lamb/day's sample was 
discarded; (b) mean ± s.e. 

Table 4.8: Marker concentration of grab faecal samples (spot sampling) as a percentage (%) of 
marker concentration in bulk faeces (total collection) of LGR lambs (mean ±s.e., n = 3). 

Marker 

Average 

Puna chicory 

73.7±6.02 

69.4±7.38 

71.6 

Wana cocksfoot 

73.1 ±3.13 

74.1±12.44 

73.6 

Average 

73.4 

71.8 

72.6 
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recovery rate of both markers was 97.8 % (range: 92.9 - 102.9 %; Table 4.7). Marker 

concentration recovered in grab samples of faeces taken at 08.30 and 16.00 hours was similar with 

an average of 72.6% (Cr20 3 = 73.4% and Yb acetate := 71.8%) of the amount recovered in the 

total bulk faeces of the intact LGR lambs (Table 4.8). 

With faecal DM output derived from dilution of faecal markers adjusted for 100% recovery, DM 

intake estimated per marker showed no significant difference within pasture (Table 4.9). DMI of 

the SOD lambs was 24% higher compared to LGR lambs. DM intake on Wana was 42% higher 

than on Puna, and this was consistent for both LGR and SOD lambs. 

Mean OM, DOM and N intake based on the respective compositions in herbage ingested by LGR and 

SOD lambs are contained in Table 4.10. The difference in intake of OM, DOM and N between LGR 

and SOD lambs within each pasture followed the trend observed in DMI. OM I, DOMI and N intake 

of Wana was significantly higher (p <0.01) than Puna by 50, 65 and 84 % respectively. 

4.6 Nylon bag digestibility 

Figure 4.3 shows the potential DM digestibility over a 72 hour period incubation of Puna and Wana 

in the rumen of sheep grazing good quality ryegrass/white clover pasture. The soluble fraction (0 

hr incubation) of Puna was over 20 % of DM, twice as much compared to Wana cocksfoot. Puna 

DM was significantly more digestible (p < 0.01) at all incubation periods withthe greatest difference 

( 2 fold) around 8 and 16 hours. The DM digestibility at 48 hours for Puna was over 90%, 20 

%age units higher than Wana. The maximum potential DM digestibility of Puna (95 %) was reached 

at 24 hrs incubation, 48 hours earlier than for Wana. Of the 87 % potentially digestible OM of 

Wana (at 72 hours incubation), 80 % of it was digested within the first 24 hours. It appears that 

at 24 hours of incubation most of the potentially digestible DM of both herbages was digested. 

4.7 Passage of digesta and retention time of digesta markers. 

Passage of true digesta at the duodenum was the estimated flow obtained from reconstituting 

whole digesta samples with reference to the liquid and solid phase digesta markers (Section 3.6.2). 

The respective flow rates of the liquid and solid phase of whole digesta was derived from the 

disappearance of Cr-EDTA and Yb acetate when marker infusion was ceased (Section 3.6.4). 

Calculations for both of these measurements are described in Appendix I. 
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Table 4.9: Dry matter intake (DMI,g/kgLW/d) of Puna chicory and Wana cocksfoot pastures by 
LGR (n = 10) and SOD lambs (n 6), estimated from dilution of two faecal markers. 

Lambs 

LGR 

SOD 

Overall Average DMI 

Marker 

Cr20 3 

Yb acetate 

Average 

Cr-EDTA 

Yb acetate 

Average 

Puna chicory 

25.9± 1.29a 

28.3 ± 1.68· 

27.1 

33.7±3.91b 

33.7 ± 2.56b 

33.7 

30.4 

Wana cocksfoot 

36.4± 1.91" 

40.9±2.76" 

38.7 

48.4±2.88d 

47.4±3.47d 

47.9 

43.3 

Values (mean ± s,e.) within pasture with different superscript (a,b,c, or d) are significantly different (p< 0,05). 

Table 4.10: Nutrient intake (g/kgLW/d)a: dry matter (DMI), organic matter (OMI), 
apparently digestible organic matter (DOMI) and nitrogen (NI) by LGR and SOD lambs 
grazing Puna chicory and Wana cocksfoot. 

Intake Lambs n 

DMI LGR 10 

SOD 6 

OMI LGR 10 

SOD 6 

DOMI LGR 10 

SOD 6 

NI LGR 10 

SOD 6 

Puna 
chicory 

27.1 ±1.04" 

33.8±2.23 

22.2±0.85 

27.7± 1.83 

16.1 ±0.62 

20.4±1.34 

0.71 ±0.028 

0.97±0.064 

Wana cocksfoot Differenceb 

38.7 ± 1.72 ** 

47.9±2.12 ** 

34.6± 1.53 ** 

40.3± 1.78 ** 

26.7 ± 1.18 ** 

33.4± 1.48 ** 

1.39±0.062 ** 

1.80±0.079 ** 

(") values are means ± s,e,; (b) difference between pastures, highly significant (**, p < 0.01). 
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Figure 4.3: Nylon bag digestibility of Puna chicory and Wana cocksfoot over a 72 hour incubation period in the rumen of sheep. 
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4.1.1 True digesta flow at the duodenum 

The mean rate of flow of 'true' digesta at the duodenum of only four SOD lambs in both pasture 

treatments were used (Table 4.11). Values from two different lambs on each pasture group on two 

days were extreme and were excluded from the mean which thus represented only 4 x 6 lambldays 

instead of 4 x 8 lamb/days. 

Puna gave a higher (p < 0.05) total flow rate of whole digesta (26.6 lid) than Wan a (11.3 lid). The 

DM content of whole digesta although statistically different between treatments (p <0.05) was 

small (4 % of wet weight) for both herbages. It was therefore assumed that 1 kg wet weight of 

digesta was equivalent in volume to a litre of true digesta. 

4.1.2 Daily flow rate of the liquid and solid phase digesta and the mean retention time (MRT) of 

respective markers, Cr-EDTA and Vb 

Table 4.12 shows the flow rate of the liquid and solid digesta fractions, and the MRT of the 

respective markers, Cr-EDT A and Vb. The flow rate of the liquid phase was greater than for the 

solid phase of whole digesta for Puna (> 1 0 lid, p < 0.05) whereas for Wana, there was no 

significant difference. The total flow of the liquid and solid digesta fractions was also greater 

(p <0.05) on Puna (20.2 & 11.9 lid, respectively) compared to Wana (8.5 & 7.5 lid, respectively). 

However, the shortest MRT was for the liquid marke~ on Wana (3.4 hours), and the difference 

compared to Puna (4.6 hours) was significant (p <0.05). The MRT of the solid marker Yb was the 

same for Puna (5.1 hours) and Wana (5.1 hours), and consistently longer than the corresponding 

MRT of Cr-EDT A. 

4.8 Site of nutrient digestion 

Site of nutrient digestion results refer to partition of OM and N digestion between the stomach 

(rumen) and the small intestine (per duodenum) estimated using the SOD lambs. 

4.8.1 OM digestion 

Mean OMI and DOMI of Puna and Wana given in Table 4.13 are for the four SOD lambs with 

digesta flow values which met the selection criteria (Appendix 1). These values were statistically 

not different (p > 0.1 0) from mean OM and DOM intake of all six SOD lambs given in Table 4.12. 

Despite relatively higher OMI (65%) and DOMI (86%) for Wana, its duodenal OM flow was only 



Table 4.11: 'True' digesta flow rate Old) at the duodenum and DM content (% wet weight) 
of digesta sampled from SOD lambs grazing Puna chicory and Wana cocksfoot 

Puna chicory Wana cocksfoot Difference 

Flow rate (lid) 2Q.6±3.44 17.3±O.90 * 

DM % (gig) 3.9±O.11 4.5±O.19 * 

1*1 difference significant at p<O.05. 

Table 4.12: Flow rate and mean retention time of the liquid (Cr-EDT A) and solid (Yb) 
phase digesta markers measured at the duodenum of SOD lambs grazing Puna chicory 
and Wana cocksfoot pastures 

Puna chicory Wana cocksfoot Difference 

Digesta low rate (lId) n == 4 On = 4 

liquid phase 20.2±4.41· 8.5 ± 1.22e * 

solid phase 11.9± 1.79b 7.5 ±O.84c * 

Mean retention time (MRT: hrs) of markers 

Cr-EDT A (liquid) 4.6±O.30d 3.4±O.26e * 

Yb acetate (solid) 5.1 ±O.30d 5.1 ±O.52f NS 

Values (mean±s.el within pasture with the same superscript (a,b,c,d, or el are significantly different Ip<O.05). 
Difference between pastures either significant (*) or not significant (NS) at p<O.05. 
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Table 4.13: Digestion of organic matter (OM) in SOD lambs grazing Puna chicory and Wana cocksfoot: In vitro organic matter 
digestibility (OMD), organic matter intake (aMI) and apparently digestible organic matter intake (DOMI), duodenal OM flow and the 
proportion of apparently digestible OM apparently digested in the rumen (DOMADR). 

n Puna chicory Wana cocksfoot Differencea 

in vitro OMD (%) 3 73.5 ±0.82JE 82.9± 1.57 ** 

aMI (g/kgLW/d) 6 24.9±1.59 41.1 ±2.53 ** 

DOMI (g/kgLW/d) 6 18.3± 1.17 34.0±2.09 ** 

duodenal OM flow (g/d) 4 435.0±44.85 481.9±59.10 NS 

II (g/kgLW/d) 4 15.6± 1.20 17.5±2.14 NS ----- ------

DOMADR' (gig) 4 0.51 ±0.018 0.70±0.042 ** 

(n) Values, mean±s.e; (#) DOMADR (OMI- duodenal OM flow)/DOMI; (0) difference between pastures, not significant (NS, p>O.05) or significant (**, p<O.01). 

0'\ 
-..J 
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12% greater (p>0.05) compared to Puna. The proportion of DOMI apparently digested in the 

rumen (DOMADR) was therefore significantly greater (p < 0.01) for Wana (0.70) than Puna (0.51 ). 

4.8.2 N digestion 

N intake and digestion data are summarised in Table 4.14. N loss as ammonia between the mouth 

and duodenum of about 40% for Wana compared to only 2% for Puna (p <0.05) resulted in similar 

duodenal NAN flow of 1.098 and 0.951 g/kgLW, respectively. The ratio of total duodenal N flow 

to N intake (dN:NI; gig) indicated that about three quarters of ammonia-N (33% NI) on Wana was 

lost across the rumen wall, whereas almost all the N consumed on Puna passed through to the 

duodenum including the 2 % as ammonia-No The corresponding mean rumen ammonia-N 

concentration for Wana (312.8 mg/l) was twice as great (p<0.05) as on Puna (156.0 mg/l). 

4.9 Nutrient supply and lamb growth 

Nutrient intake of LGR lambs was consistently lower (p < 0.01) compared with SOD counterpart 

lambs (Table 4.10). The intake differences between pastures and between groups of animals (LGR 

vs SOD) within pasture primarily reflect differences in the respective in vitro digestibility values 

(Tables 4.3 and 4.4). aMI and NI were derived from the OM and N concentrations in the respective 

DM intake (DMI), whilst DOMI was derived again from the in vitro digestibility value (OMD), per 

pasture. The differences observed between the nutrient intake of LGR and SOD lambs were 

consistent within pasture, therefore digesta flow and site of nutrient digestion in LGR lambs were 

assumed to be in similar proportions relative to intake as estimated in the counterpart SOD lambs. 

Thus, the partition of digestion and nutrient supply measured in SOD lambs was applied to intake 

of LGR lambs, following from the assumptions that the proportion of duodenal NAN flow to N 

intake or DOMI and DOMADR was similar in the two groups of animals on the same diet. Table 

4.15 summarises these results with the respective lamb growth rate (LWG) on Puna and Wana. 

Lambs grazing Puna had lower DOMI and NI (p <0.01) than Wana, but gained 70g/d more LWG. 

The duodenal NAN supply was similar at 0.951 and 1.098 g/kgLW on the respective pastures. The 

ratio of duodenal NAN supply (g) to DOMI (kg) for Puna was therefore higher (43.5) compared to 

Wana (31.9) and consistent with the observed difference in LWG. Furthermore, duodenal NAN 

supply relative to digestible OM apparently digested in the rumen (OMADR) was higher for Puna (85 

g/kg) and Wana (45 g/kg), respectively. 



Table 4.14: Nitrogen (N) digestion in SOD lambs grazing Puna chicory and Wana 
cocksfoot: N intake (NI) and total flow of N at the duodenum (dN); duodenal ammonia 
(dNH3-N) and non-ammonia N (dNAN) flow, and their respective proportion relative to NI; N 
loss presumably as ammonia N and the mean rumen ammonia N concentration. 

n Puna chicory Wana cocksfoot Differencea 

NI (g/kgLW/d) 6 0.968±0.0640 1.798±0.0760 ** 

dN flow (g/kgLW/d) 4 1.002 ± 0.0994 1.211±0.1141 NS 

dNH3-N (g/kgLW/d) 4 0.051 ± 0.0099 0.113±0.0082 ** 

dNAN (g/kgLW/d) 4 0.951 ± 0.0905 1.098 ± 0.11 02 NS 

dN:NI (gig) 4 1.04±0.103 0.67±0.063 ** 

dNAN:NI (gig) 4 0.98±0.094 0.61 ±0.061 ** 

N IOSSA; (%) 1.79 38.97 

Rumen (mgJl) 6 155.9±16.21 312.8±17.77 ** 
NH3-N 

(0) values are mean"s.e.; 
(b) difference between pastures, not significant (NS, p>0.05) or significant (.*", p<O.Ol); 
lAO) % N loss = 100 x (1 - (dNAN:NllI. 
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Table 4.15: Lamb growth (g LWG/d), nutrient intake and efficiency indices of protein to 
digestible OM intake and digestion and of LWG to digestible OM intake: LGR lamb growth and 
digestible organic matter intake (DOMI), organic matter apparently digested in the rumen 
(OMADR)a, duodenal non-ammonia N (dNAN)b supply and its ratio relative digestible OM intake 
(dNAN:DOMI), OM apparently digested in the rumen (dNAN:OMADR) and gLWG:kgDOMI 

Puna chicory Wana cocksfoot Difference# 

Average LWGk (a) 6 weeks 273±24.3kk 205±9.9 * 

DOMI g/d 428.8±21.40 716.6 ±44.58 ** 

OMADR g/d 218.7±10.91 501.6±31.21 ** 

duodenal NAN g/d 18.7 ±O.93 22.8± 1.42 * 
supply 

dNAN/DOMI g/kg 43.5 31.9 

dNAN/OMADR g/kg 85.4 45.5 

LWG/DOMI g/kg 637 286 

('J Organic matter apparently digested in the rumen (OMADR) was predicted using DOMI of LGR lambs and the 
DOMADR (proportion, ie. 0.51) measured in counterpart SOD lambs; 
(") NAN supply was derived from NI of LGR lambs using the ratio dNAN:NI found in counterpart SOD lambs; 
(iE) average LWG for the six week grazing period; (iE"') values are mean ± s.e., n 10; and 

(') difference between pastures were significant (* *, p < 0.01 or *, p < 0.05). 
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CHAPTER FIVE 

DISCUSSION 

5.1 Herbage mass and allowance for post-weaning lamb growth 

Lamb growth post-weaning is very sensitive to management and sward conditions affecting 

pasture intake (Hughes and Poppi, 1983). The lamb growth response is most critical at low 

herbage mass, allowance or residual herbage mass, but the incremental increases in animal 

production responses diminishes with increasing availability of pasture. The general relationship 

as such is curvilinear, as shown for lamb liveweight gain (LWG) response in Figure 5.1. 
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Figure 5.1: The general relationship of liveweight gain response to pasture condition andlor 

pasture species (adapted from Poppi et al., 1987). 

LWG increases over the ascending part of the curve because intake increases as pasture 

availability increases. The asymptote represents the true feeding value (i.e. gLWG/d) of a 

pasture and also reflect a limitation due to nutritional attributes (viz. digestibiltiy; Poppi et a/., 



72 

1987). Legumes have a higher nutritive value and tend to support higher LWG at lower pasture 

allowance than grasses (Ulyatt, 1981; Jagusch etal., 1971). High herbage mass and allowance 

of pasture are essential management criteria for evaluation of nutritive value for post-weaning 

lamb growth or any given animal production from grazed pasture. 

5.1.1 Herbage mass and allowance of Puna and Wana pastures 

The herbage mass of over 3t DM/ha for Wana and 9t DM/ha for Puna (Table 4.1) are very high. 

The critical herbage mass for sheep grazing temperate swards is from 1000 to 1500 kg DM/ha, 

(Hughes and Poppi, 1983; Thompson et al., 1983; Thompson, 1986), below which intake and 

liveweight gain is depressed. A optimal herbage mass should reflect the balance between 

maximum animal production and pasture productivity. Birchan (1984) suggested that for 

herbage mass below 1000 kg DM/ha, the growth of new pasture is reduced and above 2000 kg 

DM/ha, death and decay of pasture reduces the rate of net herbage accumulation. However, on 

short grazing periods as in the current experiment, effects of pasture decay would not be 

significant on productivity or quality of herbage. 

The herbage allowances of 12.5 and 15 kg/lamb/d obtained on Puna and Wana respectively, 

were also much higher compared to the recommended allowances (6 - 8 kgDM/I/d) for maximum 

lamb growth on pasture (Cruikshank, 1986). Rattray et al. (1987) suggested that for lambs, the 

liveweight gain/pasture allowance relationship is not as important as the liveweight gain/residual 

herbage mass relationship, at herbage mass over 2000 kgDM/ha. High residual herbage mass 

would be needed on high pre-grazing pasture mass to sustain maximum liveweight gains. This 

is to ensure sufficient opportunity for lambs to select green leaf from stem to maintain a high 

quality diet, since it was observed that increases in pasture mass above 2500 kg DM/ha has a 

proportionally higher content of stem, pseudostem and senescing leaf (Rattray et al., 1987). It 

is useful to assess pasture allowance and herbage mass on offer as 'kg green' DM/ha. 

Puna pasture used in this experiment contained 58% leaf (83% green) of DM which gave 

pasture allowances of over 6kg DM/lamb/d and mass just over 4000 kgDM/ha as green leaf. 

This was offered in fresh breaks per week and provided the lambs ample opportunity to achieve 

high herbage intake of good quality. The green leaf content in the Wana sward decreased from 

48% (1500 kg green DM/ha) to 38% (1200 kg green DM/ha) over the six week grazing period. 

However, a critical value of 550 kg DM/ha green herbage has been established with Merino 

lambs, below which digestibility of the selected diet was depressed (Hamilton et al., 1973). It 

is therefore highly unlikely that pasture herbage mass and allowance of Puna or Wana was 
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limiting for pasture intake and maximum potential liveweight gain of the grazing lambs. 

Relationships of herbage mass or allowances and lamb growth established using conventional 

pasture (viz. grasses and legumes) may not be appropriate for Puna due to the different growth 

habit and presentation of its herbage mass. Puna is a low rosette herb that can grow to an 

heigth of two meters if left ungrazed in spring (Rumball, 1986; Plate 3.2). However, Puna does 

not seem to display any undesirable characteristics according to the criteria for a nutritionally 

ideal grazing plant (Minson, 1981 a). Plate 4.1 illustrates the pre- and post-grazing herbage 

mass, which indicated that the high herbage mass of Puna is quite accessible to the grazing 

lamb. Moreover, similar herbage mass (5-10t OM/hal of Puna fed ad-lib in fresh weekly breaks 

by Fraser et al. (1988) achieved high liveweight gains (290 g/d) comparable to that on pure 

species ryegrass (227 g/d) and white clover (320 g/d) spring pastures (Cruickshank, 1986). 

5.1.2. Composition and quality of diet selected. 

When pasture intake is not limiting, liveweight gain of lambs will depend largely on the quality of 

diet selected (Poppi et al., 1987). The composition and digestibility of herbage ingested is to a 

large extent influenced by the relative content of leaf, stem, seed head and dead matter in the 

diet. 

Younger sheep have a greater ability to select a diet 9f higher. quality than the sward on offer, 

even on high herbage mass under lax grazing (> 1500 kgOM/ha residual mass) (Rattray et al., 

1987). This is well demonstrated on the Wana pasture which had a leaf content of less than 50 

% OM in the sward, but the lambs (OF animals) consistently selected a diet containing over 

90% leaf (Figure 4.1). Such a selection for green leaf could possibly have restricted intake on 

Wana. It is also obvious from Figure 4.1 that sampling herbage by hand-pluck tends to 

underestimate leaf and overestimate stem and seedhead content of diet of the grazing sheep. 

No comparison of botanical composition (%Ieaf) of Puna herbage ingested to that on offer 

(sward) can be made as no routine sampling of the latter was done. However, the OF extrusa 

of Puna consisted of 86% leaf with a N content (2.75%) close to that of leaves (2.71 %) taken 

from the hand-pluck whole plant samples (Table 4.3). The N content of herbage OM ingested 

from Puna (17.2% CP) and from Wana (24% CP) are more than adequate compared to the 

crude protein (CP % %N x 6.25) level of 7% CP in OM considered as the critical level below 

which intake of pasture is depressed (Minson, 1981 a). On the other hand, the N content of 

Puna and Wana are high (34g Nand 44g N/kg OM, respectively) and characteristic of temperate 
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fresh forages (Norton, 1982; Ulyatt and Egan, 1979). Excessive degradation of dietary N in the 

rumen can be expected when N content of fresh forage exceeds 25g/KgOM (Beever et al., 

1986a; Ulyatt et al. 1988). 

The stem content of 10% in herbage DM ingested for Puna resulted in higher NDF content 

(33.2%) and lower in vitro OM digestibility (73.1 %) of the diet compared to 22.0% NDF and 

80.1 % OMD of 'grazed' plant portions sampled by cutting (Table 4.3). The in vitro OMD of the 

Puna plant ranged from 49% (stem) to 83% (leaf), which indicates the limiting effect of stem on 

the digestibility of the diet selected. Compared to Puna, the Wana herbage ingested had a 

higher NDF cqntent (45.9%) but was more digestible with a in vitro OMD and N content of 

80.1 % and 4.4% vs. 2.75% and 73.1 % respectively for Puna. The Wana pasture and diet 

selected was relatively better in quality. However, the OMD of Puna chicory and Wana 

cocksfoot diets are both high and comparable with other high quality fresh forages (Ulyatt, 

1971). 

The high herbage mass and allowance of Puna and Wana in the present experiment were 

adequate preconditions for maximum intake and selection of a high quality diet for grazing 

lambs, in order that only nutritional factors might influence the post-weaning lamb growth on 

these two (very) different types of pasture (Figure 5.1; Poppi et al., 1987). 

5.2 liveweight gain and grazing intake of young weaner lambs on Puna 

chicory and Wana cocksfoot pastures 

5.2.1 Liveweight gain (LWG) 

The post-weaning LWG of lambs achieved in this experiment on Puna and Wana pastures are 

high relative to records (which range from 70-163 g/d; Everest and Scales, 1983) for 

'traditional' irrigated South Island (Canterbury) farms in the late spring/summer grazing season 

(Figure 5.2). The present lamb growth LWG was achieved on very generous pasture allowances 

(12-15 kg OM/hal and high herbage mass (Table 4.1). However, Figure 5.2 indicates that LWG 

on Wana was depressed as the season progressed and tended to follow the trend established 

for the 'traditional' irrigated pastures of the region (Binnie, 1983; Everest and Scales, 1983). 

An OF sampling later in the season (week 6) would no doubt have shown a decline in pasture 

quality for Wana. 

The decrease in rate of LWG over the trial period (see Table 4.6), at least for the Wana pasture, 
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could be attributed to the very lax grazing that may have lead to build-up of stem and dead 

matter in the sward and diet which reduces digestibility (Waghorn and Barry, 1987). It is also 

expected that the quality of grass pasture declines with maturity into summer as stem and 

seedhead develop and content of structural carbohydrates in herbage DM increases (Waghorn 

and Barry,c 1987). Increasing summer temperatures may have similar effects. Wilson and Ford 

(1973) observed a consistent decline in the in vitro digestibility (av. 5 %age units) of most 

temperate grasses, associated with a fall in the soluble carbohydrate content, with increases in 

minimum/maximum temperature from 21113°C to 32/24°C. Nevertheless, the LWG performance 

on Wana shows that it is capable of supporting high lamb growth rates early in the grazing 

season, suggesting a maximum level of utilisation in that period, while pastures such as Puna 

may be deferred to sustain high LWG of lambs later into summer. 

Moreover, the LWG on Puna was observed to increase with time over the 6 week grazing 

period. This trend may well reflect acclimatisation from a ryegrass/clover diet to Puna, a more 

drastic change than might be expected from ryegrass/clover to Wana. Diet acclimatisation is a 

function of familiarity, acceptability (palatabilty) and gradual adjustment in rumen microbial 

populations (Van Soest, 1982). 

The average LWG of 273 g/d (range: 181-365 g/d) for Puna (Table 4.5 and 4.6) is consistent 

with the only other reported work on lamb growth on Puna in Canterbury (Fraser et al., 1988). 

Fraser and co-workers obtained LWG of 290 g/d for 8 week old Dorset x Coopworth ram lambs 

fed Puna ad-lib (fresh breaks weekly for six weeks) ~n herbage mass of 5-10 t DM/ha. In a 

subsequent autumn trial using lower herbage mass (2500 kgDM/ha) fed at two allowances, 1.5 

and 3 kgDM/lamb/d, Fraser et al. (1988) achieved LWG of 168 and 238 g/d, respectively. 

These observations indicate that reasonably good lamb growth on Puna can be attained on 

relatively lower herbage allowances. Moreover, performance of Puna in autumn at the low 

allowances compares well with summer lamb growth rates in Canterbury (Figure 5.2; Fraser et 

al., 1988), and particularly with the Wana pasture (present work) at the high herbage allowance 

of 15 t DM/ha. 

The LWG of lambs on Puna and Wana can be compared with other pure species grasses and 

legume pastures tested under similar conditions (high allowance and grazing season) (Table 5.1), 

Cruickshank (1986) obtained high LWG in spring at Lincoln from 227 g/d for lambs grazing 

Ruanui perennial ryegrass (Lolium perenne) and 321 g/d on Huia white clover (Trifolium repens). 

The average LWG of 273 g/d for Puna is comparable, being intermediate to pure species grass 

and legume pastures, but 205 g/d for Wana is low for a pure species grass at high allowance 

(Table 5.1). However, the low average LWG on Wana may be atypically biased by the very low 



77 

LWG of 88.7 g/d in week 2 compared to 313.5 g/d and 234.9 g/d in weeks 1 and 3, 

respectively (Table 4.6). The average LWG without week 2 data would be 229 g/d for Wana, 

similar to performance of other grasses, viz. Matua prairie grass (230 g/d) and ryegrass (227 

g/d) (Cruickshank, 1986). 

Table 5.1: High lamb growth rates expected on pasture and concentrate diets 

Source LWG (g/d) Diet 

Current experiment: 273 Grazing Puna 

205 Grazing Wana 

Cruickshank, (1986): 321 Grazing white clover 

308 Grazing Lucerne 

230 Grazing prairie grass 

227 Grazing ryegrass 

Adapted from Binnie (1983): 222 Grazing white clover 

300 Grazing Lucerne 

209 Grazing perennial ryegrass 

329 Barley concentrate 

377 Barley concentrate 

There is however no plausible reason to discard the LWG data obtained on Wana in week 2. 

Likewise, if LWG data of Puna was considered for the later 3 week period only, an average (3 

wks) LWG obtained (335 g/d) would be as good as the performance expected from legume 

pastures (Cruickshank, 1986) or even concentrate diets (Table 5.11. This may be plausible as 

the plot of the weekly lamb liveweights (Figure 4.21 showed accelerated lamb growth in week 4 

for Puna and hence larger differences (p <0.05) in LWG in weeks 5 and 6 compared to Wana; 

the latter showing a consistent decline in LWG for the same period (Table 4.6). Nonetheless, 

these effects contributed to a 33% higher average LWG of lambs grazing Puna (273 g/d) than 

for lambs grazing Wana (205 g/d) for the six week grazing period. Such direct comparison of 

performance of Puna and Wana is required because of similar intended use, as pasture for post

weaning lambs. 

Puna and Wana pastures have high DM production and are being evaluated to counteract feed 
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deficits usually experienced due to declining pasture productivity and quality in summer (Hume 

and Fraser, 1985; Rumball, 1986). 

5.2.2 Pasture intake 

The 33% higher LWG on Puna compared to Wana was not consistent with the difference in 

level of pasture intake. In effect there is a contradiction; significantly higher (p <0.01) daily 

intake of OM (by 50%) and digestible OM (by 65 %) was observed for Wana (34.6 and 24.7 

g/kgLW, respectively) than for Puna (22.2 and 16.1 g/kgLW, respectively). Jagusch and Coop 

(1971) obtained high LWG (256 and 241 g/d) on white clover and lucerne compared to the low 

LWG (139 and 109 g/d) on short rotation and perennial ryegrass for 25-35 kg weaned lambs 

grazing spring herbage at Lincoln (Canterbury, NZ), and concluded that the poor growth rate of 

lambs was associated with metabolisable energy (ME) intakes below 10.5 MJ MEld. 

The ME intake of Puna and Wana was estimated from the respective digestible OM intakes, 

following similar assumptions used by Geenty and Rattray (1987); Le. on average temperate 

pasture (MID 10-12 MJ ME/kgDM), the digestible energy (DE) content of 1 kg digestible OM is 

19 MJ (MAFF, 1975) and ME is 0.82 DE (ARC, 1980). Compared to Jagusch and Coop's 

(1971) proposed ME intake of 10.5 MJ/d for good lamb growth rate, the ME intake for Puna of 

6.7 MJ/d was clearly inadequate for good lamb growth, whilst 11.2 MJ/d for Wana was 

sufficient for a potentially high LWG response. The di,screpancy between intake and LWG is not 

only confined within the analysis that Puna produced a lamb growth rate (273 g/d) too high 

relative to an otherwise inadequate ME supply, but that lambs on Puna also exhibited higher 

LWG than lambs grazing Wana (205 g/d)' despite the latters higher ME intake. Moreover, 

irrespective of the comparison with Puna, the LWG on Wana appears lower relative to its ME 

intake when compared with other grasses (Figure 5.3). 

Figure 5.3 compares weaner lamb LWG and ME intake on Puna and Wana to other grasses and 

legume pastures previously tested at Lincoln (Cruickshank, 1986). The standard requirements 

for growth of 3-5 month old (25 kg) wether and ram lambs (Geenty and Rattray, 1987) appear 

to overestimate requirements compared to the experimental results (Figure 5.3), may be due to 

high 'in-built safety allowances' necessary for practical pasture feed planning. Otherwise, the 

poor LWG on Wan a relative to its ME intake suggests a lower efficiency of nutrient utilisation for 

lamb growth compared to other grasses (Cruickshank, 1986). A similar hypothesis cannot be 

offered with Puna for a ME supply clearly insufficient for lamb growth rate > 200g/d (Jagusch 

and Coop, 1971), and let alone for maintenance (zero LWG) of a 25 kg lamb at pasture (Geenty 
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and Rattray, 1987; ARC, 1980). The obvious area to suspect for possible error was the 

estimated pasture intake rather than the measured LWG of lambs in this experiment; ie. errors 

pertaining to the assumptions and measurements of faecal output by dilution of markers and the 

in vitro digestibility estimates of the diet which are necessary in estimation of pasture intake 

(Langlands, 1975; Le Du and Penning, 1982). 

5.2.3 Possible sources of error in estimating pasture intakes 

Field handling, transfer, sampling, labelling and storage of faecal samples through to chemical 

analysis for faecal markers were done diligently and with consistency for Puna and Wana 

samples. Errors pertaining to procedure cannot be completely disregarded, however, if present 

they should show in the rate of marker recovery where appropriate adjustments and corrections 

would have been made in calculations for estimating faecal output. The other component of the 

intake relationship is the 'indigestibility factor' (l-D), where larger errors may result if 

digestibility is based on samples unrepresentative of the herbage ingested (Le Du and Penning, 

1982). These were the two most likely sources of error in the present experiment. 

5.2.3.1 Recovery of faecal markers 

Very small differences in recovery rates of the two faecal.markers was found in the total 

collection faecal samples (Table 4.7), with corrections made for 4% Cr absorption in the 

digestive tract (as Cr 203: Le Du and Penning, 1982) and complete recovery in the faeces 

assumed for Vb acetate (Penning and Johnson, 1983). 

Marker recovery for Puna was complete (average 100.7%) while for Wana it averaged 94.9% of 

the respective daily dosage. Rate of marker recovery in grab faecal samples (twice daily spot

sampling) was lower compared with total faecal collection (Table 4.8), but the differences within 

and across pastures were small and averaged 27.6% less. This compares well with differences 

of 27 and 44 % for Cr recovery obtained by Cruickshank (1986) between spot and bulked 

faecal samples with white clover and lucerne, respectively. Appropriate adjustments in grab 

samples (LGR lambs) for 100% marker recovery resulted in small and insignificant (p > 0.05) 

differences in the respective pasture intake estimates based on the two markers (Table 4.8), 

Likewise, the slightly higher intake estimated for SOD lambs showed close agreement between 

the two markers used (Cr-EDT A and Vb acetate), and consistently gave higher values for Wana 
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than Puna. Intake for SOD lambs was used to estimate site of digestion and only the 

proportions were applied to intake of LGR lambs to estimate nutrient supply for lamb growth. 

However, the difference between intake estimates based on the respective markers in LGR and 

SOD lambs was consistent (24% higher in SOD lambs) for the two pastures (Table 4.9), and so 

the apparently low intake of Puna was unlikely to be the result of errors in measurement of 

faecal output. Conversely, it appears likely that any error contributing to the apparent 

underestimated intake of Puna, must pertain to the in vitro digestibility estimate used to derive 

pasture intakes for the respective groups of lambs. 

Errors associated with measurement of faecal output (FO, numerator) will lead to a proportional 

error in the estimated intake (I), while error in digestibility (denominator; 1-D) results in a greater 

error in the estimated intake (i.e. I =. FO/( 1-D): Le Du and Penning, 1982; Corbett, 1981). For 

example, a 2% error in digestibility, 80 vs. 82 %, can lead to a 14% difference in the estimated 

intake (Cruickshank et al., 1987). The possibility of error in the in vitro digestibility estimate in 

the present study is explored below. 

5.2.3.2 In vitro digestibility estimates 

It may be stressed again that the close agreement of intake estimated using the two markers for 

each pasture in the present experiment asserts that errors in the measurement of FO were 

neglible and small, if any. That is, the apparently 10Vl( intake of Puna is unlikely to be explained 

by errors in measuring faecal output. 

On the other hand, the in vitro digestibility value of DMD and OMD was obtained from a single 

procedure in this experiment, and used to estimate OM intake (OMI =. DMI x % OM, where 

DMI = FO/(l - in vitro DMD) and to obtain digestible OM intake (DOMI = OMI x in vitro OMD)' 

respectively. Attempts to measure in vivo digestibility by reference to an 'internal' marker, 

indigestible acid detergent fibre (IADF: Penning and Johnson, 1983)' failed due to unsatisfactory 

faecal recovery relative to concentrations in herbage samples (OF extrusa) implying either a 

failure in the technique and/or an unrepresentative sampling from OF lambs. Moreover, ever 

present is the inherent error of applying a single in vitro digestibility value for all individual 

experimental animals (Marten, 1981). Thus, the chance of the effect of any error pertaining to 

the in vitro digestibility technique on the intake estimates in the present work to be additive 

and/or amplified was more than likely. 

There was however, a close agreement of in vitro digestibility values estimated for diets of LGR 
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and SOD lambs within Puna or Wanat respectively (Table 4.3 and 4.4). This was indicative of 

the reliability and consistency of the in vitro laboratory procedure; but while the digestibility 

value so obtained gave a reasonable level of intake for Wanat the intake on Puna was 

unacceptably low for the lamb growth observed (Figure 5.3; Appendix II). There could be a 

possibility that the in vitro digestibility technique does not work well with a plant like Puna, e.g. 

compared with the 'nylon bag' digestibility technique (section 5.3.1.3), although this was not 

conclusive under conditions of the present experiment. Thus by the process of elimination, the 

only likely source of error must pertain to the OF extrusa sampling technique. The basic 

assumption that "OF extrusa samples represent the diet selected by the experimental animals 

(j.e. LGR lambs)" (McManus, 1981)' may not have been true for Puna. 

5.2.3.3 Oesophageal extrusa sampling 

Some assessment, albeit cursory and in retrospect, can be made of the effectiveness of the OF 

extrusa sample collection by comparison with hand-pluck samples, from differences in the 

respective in vitro digestibility values. For Wana, the OMD of OF extrusa was higher (80.1 %) 

than for the hand-pluck samples (74.1 %), consistent with the higher leaf content in OF extrusa 

(82.9%) compared to the hand-pluck samples (80%) (Table 4.4; Figure 4.1). However, the low 

in vitro OMD of Puna determined from OF extrusa (73.1 %) compared to the 'grazed' plant 

portions (hand-pluck, avo 80% OMD) (Table 4.3), suggests that the OF animals selected a diet 

containing less leaf than the experimental (LGR) animals. This is certainly a possibility, 

considering the sward structure of the Puna pasture (Plate 3.2 and 4.1). 

Access of the OF animals in the Puna pasture was most likely to have been impeded due to the 

dense and tall stemmy sward structure, and the handicap of the oesophageal cannula, the 5m 

tether and more so with the plastic sheet attached around the neck during sampling time. It is 

likely that normal grazing was restricted particularly during sampling, as the OF animals were 

denied access to the leafier portions (more dense) of Puna. In fact, there were four OF lambs 

initially, but one was lost through misadventure in the dense Puna paddock. The OF lambs were 

observed to follow the intact lambs in accessing the newly opened areas of Puna pasture and 

(the former) appeared restricted to areas of sparse regrowth where stem content was obviuosly 

higher. 

Some indication that the OF animals grazing Puna may have ingested less digestible portions 

comes from the 'nylon bag' digestibility data when compared to the in vitro digestibility values. 

At 48 hours incubation in the rumen (Figure 4.3), almost 95% of Puna DM was degraded 
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compared to an in vitro DMD of 72 %, whilst less than 80% DM degraded for Wana was similar 

to the in vitro DMD of 79 %. The intake of Puna was therefore revised according to 

aqjustments made from the assumption that the in vitro digestibility values obtained from the OF 

extrusa samples were lower than the digestibility of the actual diet of counterpart LGR and SOD 

lambs (Appendix II; section 5.2.4, below). 

5.2.4 Intake adjustments for lambs grazing Puna 

Comparison of in vitro digestibility (D) values for herbage samples obtained from OF extrusa and 

to samples collected manually (Table 4.3), provide the justification and basis for adjustments or 

'correction factors' for a revised and more 'realistic' level of intake for Puna (Table A.1). The in 

vitro D values obtained from OF extrusa was consistently low by at least 5 %age units, relative 

to in vitro D of hand-pluck samples of plant parts observed to be actually grazed by the SOD 

and LGR lambs (i.e. stem & leaves > 50cm; Table 4.3). Furthermore, the Puna diet comprised 

approximately 10% stem:90% leaf (Table 4.2) which would have in vitro OMD of 55% and 

83%, respectively (Table 4.3: hand-pluck samples> 50cm). Therefore the OMD of the diet was 

probably (0.1 x 55) + (0.9 x 83) = 80%, similar to the OMD of aggregate stem/leaf samples > 

50cm (Table 4.3). On this basis, the 'stem/leaves >50cm' sample DMD and OMD of 0.77 and 

0.80 (Table 4.3) were selected as the in vitro D values more representative of the Puna diet 

(Appendix 11). Otherwise, an OMD of 73% would need 3,5% stem:65% leaf which was perhaps 

true for the herbage ingested only by the OF lambs (T~ble 4.3). .. 

The assumption above acknowledges that the Puna diet of LGR lambs was probably of a higher 

OMD, and may have been underestimated by at least 7 %age units (73 vs. 80%) by the in vitro 

OMD value obtained from OF extrusa samples. Applying appropriate correction factors 

(Appendix II) gave a higher DOMI of 680 g/d for Puna, almost 60% more than the original 

estimated intake of 429g DOMl/d (Table 5.2). The revised intake of 680g/d DOMI was 

equivalent to an ME intake of 10.6 MJ/d, reasonable for the LWG achieved in the present 

experiment and compares well to lamb growth rates obtained for pure grass and legume 

pastures by Cruickshank (1986), (Figure 5.3). 

The possibility of an underestimated in vitro digestibility that lead to an erronous estimate of 

pasture intake being due to an unrepresentative oesophageal extrusa sampling of Puna (section 

5.2.3.2) may not be so unique to the present experiment (McManus, 1981; Cruickshank et al., 

1987). Moreover, the failure to obtain representative herbage (OF extrusa/manual) sample of 

the grazing animals diet could be a factor contributing to at least some of the variability and 
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discrepancies usually reported on pasture between digestibility and estimated intake (e.g. 

Corbett, 1978; Cruickshank, 1986) and subsequently in the intake and animal output 

relationship (Ulyatt, 1981). It could be suggested from the present experiment that a possible a 

check for the accuracy of OF extrusa sampling may be made by comparing the digestibility (in 

vitro) and composition of leaf and stem of the extrusa samples against leaf and stem samples 

obtained manually. It may then be possible to estimate digestibility of a grazing animals diet 

from the relative composition of leaf and stem in the extrusa samples, dispensing with the need 

for repititive in vitro digestibility analysis for every extrusa sample.ned manually. 

In the current experiment, the revised intake of Puna had subsequent effect on site of digestion 

data and balance of nutrient supply as presented in Table 5.2. The implications of the revised 

intake of Puna particularly on site of digestion of OM and N are discussed in the context of 

appropriate sections (5.3.2.1 and 5.3.2.1, respectively). Nevertheless, the site of digestion and 

digesta flow parameters actually measured in the present experiment are discussed in the 

context of the observed lamb growth on Puna and Wana (section 5.3), in order to appreciate the 

magnitude of probable anomalies in the original data and the credibility of the revised data. 

5.3 Digestion characteristics and nutrient supply from Puna chicory and Wana 

cocksfoot pastures for weaner lamb growth. 

On high quality pastures, with OM digestibility greater than 0.6, differences in total tract 

digestibility cannot explain differences in animal performance adequately (Poppi, 1983). High 

herbage mass and allowance on high quality pastures may result in small intake differences 

between species, which are inadequate to explain larger differences in corresponding animal 

performance (Ulyatt, 1971). Both these circumstances apply for Puna and Wana pastures in the 

present experiment with in vitro digestibility values greater than 0.7 OMD. 

Site of digestion differences become important as the partition of OM digestion between the 

rumen and the small intestine yields different forms of ME absorbed (Poppi, 1983). Site of 

digestion parameters such as the proportion of digestible OM apparently digested in the rumen 

(DOMADR)' duodenal non-ammonia N (NAN) flow or its ratio relative to digestible OM intake 

(DOMI) provide useful indicators of the balance of nutrients and form of ME available to the 

animal. These are variables which depend to a large extent on the rate of digesta passage and 

efficiency of rumen microbial digestion and metabolism. 



Table 5.2: Revised a Puna data for a 'realistic' level of nutrient intake and subsequent effect on site of digestion and nutrient supply 
compared to the original Puna and Wana data for LGR lambs. 

PUNA 

original 

revised 

WANA 

LWG 
(g/d) 

273 

205 

DOMI 
(g/d) 

429 

680 

717 

ME Intake 
(MJME/d) 

6.7 

10.6 

11.2 

DOMADRb OMADR 

0.51 

0.70 

0.70 

(g/d) 

219 

476 

502 

d-NAN %N 
(g/d) losse 

18.7 

26.7 

22.8 

2 

23 

39 

d-NAN:DOMI 
(g/kg) 

43.5 

39.1 

31.8 

d-NAN:OMADR 
(g/kg) 

85.4 

76.7 

45.5 

a:see Appendix II for detail on intake adjustments and subsequent effect on site of digestion. b:refer to Table 5.5 or Table A.2; c:refer to Table 5.6 or Table A.3. 

00 
U1 
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5.3.1 Site of digestion and nutrient supply in SOD lambs 

Intake of digestible organic matter (DOMI) and N (Nil by SOD lambs was 25% higher on Puna 

and Wana, compared to intact LGR lambs. Cruickshank (1986) has also reported a difference in 

intake between cannulated and intact lambs, although this was explained by differences in age. 

In the current experiment, it was possible that intake differences between the LGR and SOD 

lambs was due to their different breeds (Dorset Down X Coopworth cross and Border Leceister 

lambs, respectively). 

Intake of SOD and LGR lambs were estimated from faecal output measured by dilution of 

markers infused either continuously into the rumen or given in twice daily oral dosage, 

respectively. Bias of intake estimates due to different marker administration and sampling 

techniques (Kotb and Luckey, 1972) can not be totally discounted, however, results of the 

marker recovery rates showed consistency in both instances and were adjusted for 100% 

recovery to obtain estimates of faecal output. Another possibility is that the SOD lambs may 

have had access to slighlty more digestible portions of pasture than the LGR lambs, as indicated 

in differences in in vitro digestibility estimates (Table 4.3). Differences in digestibility may be 

small, but lead to larger differences in the intake derived from the respective digestibility 

estimates (Cruickshank et al., 1987). 

Due to effect of intake level on passage of digesta (Owens and Goetsch, 1986), large intake 

differences may invalidate extrapolation of site of digestion estimates from cannulated lambs to 

companion intact lambs. Nonetheless, it was assumed for the present experiment that the site 

of OM and N digestion in the intact LGR lambs was similar in proportion relative to intake, as 

estimated in the companion SOD lambs. 

5.3.1.1 OM digestion 

The difference in the daily OM flow to the duodenum between Puna (15.6g/kgLW) and Wana 

(17.5g/kgLW) was small, but the difference in the proportion of DOMI apparently digested in the 

rumen for Puna (0.51 DOMADR) was significantly lower (p < 0.01) compared to Wana (0.70 

DOMADR) due to the higher intake of latter. However, these values for DOMADR are within the 

range reported for fresh pasture diets in both sheep and cattle (Table 5.3). A low DOMADR 

may be due to a higher level of intake (Cruickshank et al., 1992), although this was not the case 

for Puna in this experiment. A greater post-ruminal OM digestion for Puna is consistent with a 

higher rate of passage of the liquid digesta phase (Ushida et al., 1986), compared to Wana. 
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Table 5.3: Proportion of digestible OM apparently digested in the rumen (DOMADR) of sheep 
and cattle grazing high quality pastures reported in literature 

DOMADR 

Sheep: 
0.51 
0.70 
0.70 

0.52-0.58 
0.55 
0.64 
0.65 

Cattle: 
0.68-0.74 
0.51-0.56 

0.73 
0.70 

a: refer to Appendix II and Table A.2 

Pasture 

. Grasslands Puna 
Grasslands Puna (revised)8 
Wana cocksfoot 
Legumes and grasses 
Shortrotation ryegrass 
Perennial ryegrass 
White clover 

Perennial ryegrass 
White clover 
Ryegrass 
White clover 

Reference 

Present work 

Cruickshank et al. (1992) 
Ulyatt and MacRae (1974) 

Beever et al. (1986b) 

Ulyatt et al. (1988) 
---" ---

It should also be noted that the difference in DOMADR for Puna and Wana is larger (19 %age 

units) than differences usually reported in similar experiments (Table 5.3). Cruickshank et al. 

(1992) found a difference of 6 %age units between two grasses and only 1 % age unit bewteen 

white clover and lucerne. Thomson and Beever (1980) could not find conclusive evidence for 

substantial differences between pasture species in rumen digestion of digestible OM, and 

estimated a mean value of 0.60 DOMADR for all forages. Moreover, ARC (1980, 1984) 

selected a standard value of 0.65 OMADR/DOM (i.e. DOMADR) to estimate availability of 

energy substrates in the rumen for microbial protein synthesis. 

The large difference for DOMADR between Puna and Wana in the present study (original data), 

reflects differences in site of OM digestion which may be related to large differences in the 

respective types of forages, e.g. microscopic differences in leaf anatomy and effect on microbial 

invasion and hence fermentative digestion of the forage material in the rumen (Akin, 1986). 

Otherwise, site of digestion differences between forages may also arise due to experimental 

error (Thomson and Beever, 1980). 

The revised data (section 5.2.4; Appendix II) increased DOMADR of Puna from 0.51 to 0.70, 

similar to Wana (Table 5.4). The DOMADR of 0.70 for Puna may be more acceptable based on 

the revised intake of 680 gDOMl/d which is only slightly lower compared to 717 gDOMI for 

Wana. However, the revised data on intake and the subsequent site of OM digestion ( viz. 

rumen digestion) for Puna fall short of explaining its comparatively superior lamb growth rate. In 
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circumstances such as this, additional indices of site of digestion (eg. N digestion) are required 

to elucidate the quality of nutrient supply and ME absorbed (Poppi, 1983). 

Table 5.4: Reviseda data for Puna organic matter (OM) intake and digestion compared to 
original data and Wana estimated in SOD lambs. 

PUNA 

original 

revised 

WANA 

aMI 

(gJkgLWJd) 

25 

36 

41 

DOMI 

(gJkgLWJd) 

18 

29 

34 

a see Appendix II and Table A.2 for calculation of revised data for Puna. 

5.3.1.2 N digestion 

dOOM flow 

(g/kgLWJd) 

15.6 

15.6 

17.5 

DOMADR 

0.51 

0.70 

0.70 

A 42% higher N concentration for Wana and a higher DM intake resulted in a N intake twice as 

high compared to the original data for Puna (1.80 and 0.97 gN/kgLW/d, respectively) in SOD 

lambs. However, there was no significant difference (p > 0.05) between Puna and Wana in the 

NAN flow at the duodenum, largely as a result of a proportionally greater I\J loss (2 and 39%, 

respectively) on Wana (Table 4.14). The high N loss across the rumen for Wana is consistent 

with values for fresh pasture (Ulyatt and Egan, 1979; Ulyatt et al., 1988; Fraser et al., 1990). 

The 2 % N loss of the Puna diet is exceptionally low for fresh pasture herbages. Excessive N 

loss (up to 40% of N intake) is expected to occur when the N content of fresh pasture exceeds 

25.5-29.8 gNJkgOM (Ulyatt et al., 1988, Fraser et al., 1990; Cruickshank et al., 1992). The 

2.87% N content in DM of Puna converts to 35.0 gNJkgOM, and for Wana was equivalent to 

48.5 gN/kgOM. The low N loss across the rumen for Puna is comparable to that of specie 

containing condensed tannins (Waghorn and Barry, 1987; Waghorn et al. 1987) or diets of very 

low N content (Ulyatt and Egan, 1979; Leibholz, 1980). 

The low N loss on Puna compared to Wana may be due to an efficient microbial protein 

synthesis associated with a higher rate of passage of the rumen liquid digesta fraction (Ulyatt et 
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al., 1975; Harrison et al., 1975; Ushida et al., 1986). However, compared to other fresh 

herbages (Ulyatt et al., 1988), an extremely efficient capture of rumen ammonia-N and microbial 

metabolism would be required to achieve a N loss as low as 2% on Puna. This original data 

(2% N loss) was not consistent with a rumen ammonia-N concentration of 156 mg/l for Puna, 

which although only half as much compared to Wana (313 mgtl), was as high as other pasture 

herbages (Cruickshank, 1986). 

Table 5.5 shows the revised data on N digestion of Puna, subsequent to adjustments on intake 

(Appendix II). The revised Puna N intake was 1.23 gN/kgLW/d (original 0.968g/kgLWtd: SOD 

lambs) and raised N loss to 23% of N intake, which was more realistic compared to other fresh 

herbages (Ulyatt et aI, 1988). Moreover, the revised 23% N loss of Puna was still lower than 

Wana (by 16 %age units); consistent with differences in ruminal liquid passage rate, ammonia-N 

concentration and N intake of the two respective herbages, which altogether infer a more 

efficient digestion and nutrient supply for Puna. Furthermore, although the revised intake (N and 

DOMI) of Puna did not exceed Wana's, the difference was small and was perhaps nullified or 

reversed in Puna's advantages through its particular digestion and digesta passage 

characteristics as highlighted in the following section (5.3.2). 

Table 5.5: Revised" data for Puna N intake (NI), duodenal I\lAI\I flow and %NI lost as 
ammonia-N (%N loss) compared to the original data and Wana, estimated in SOD lambs. 

PUNA 

original 

revised 

WANA 

NI 

(g/kgLW/d) 

0.968 

1.23 

1.798 

d-NAN flow 

(g/kgLW/d) 

0.951 

0.951 

1.098 

• see Appendix II and Table A.3 for calculations of revised data for Puna. 

.. NAN:NI 

(gig) 

0.98 

0.77 

0.61 

5.3.2 Digesta flow and digestion characteristics of Puna and Wana. 

%N loss 

2 

23 

39 

Digesta flow estimated with the double marker technique (Faichney, 1975, 1980) using Cr-
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EOTA and Yb acetate showed a 50% higher total daily flow for Puna (26.6 lid) than for Wana 

(17.3 lid). This was an equivalent of about 1 kg OM (3.9% wet weight) and 0.8 kg OM (4.5% 

wet weight) for Puna and Wana, respectively (Table 4.11). 

A higher absolute amount of digesta flow (OM) is invariably associated with an higher level of 

intake and its effects on rumen retention time (Faichney, 1986; Owens and Goetsch, 1986). 

The original intake data showed that this was not the case with Puna and Wana. The difference 

between the two pastures in the total digesta flow measured (using markers) did not correspond 

to the difference in intake levels. A direct measurement of the digestaload and passage by total 

emptying of the rumen (Minson, 1966; Poppi et al., 1980a), may have clarified the discrepancy 

between level of intake and the total digesta flow estimated using markers. Conversely, the 

higher total OM flow of digesta on Puna lends some credibility to the higher revised level of 

intake for Puna in this experiment. The data in Table 4.11 (i.e. digesta OM flow: 1.03 kgld for 

Puna VS. 0.78 kgld for Wana) suggested that if rumen digestion was similar, the OM intake of 

Puna would have been 32% higher (i.e. 1.03/0.78) than for Wana. Although, the revised Puna 

data indicated a similar rumen digestion for Puna and Wana (0.70 and 0.70 OOMAOR, 

respectively: Table 5.5), level of intake may also depend on the influence of rate of passage of 

digesta fractions, evident in the present experiment (section 4.7 and 5.3.2.1). 

5.3.2.1 Passage of solid and liquid phase of digesta and mean retention time of digesta 

markers. 

The partition of digesta flow with reference to the disappearance of Cr-EOT A and Yb acetate 

markers, respectively (Table 4.12), indicated that the higher total digesta flow of Puna was 

related to a higher rate of passage of the liquid phase (20.2 lId); which was more than twice 

that of Wana (8.5 lid). A higher liquid outflow rate can be associated with a higher passage 

rate of small particles « 1 mm sieve pore size: Poppi et al., 1980a and 1981; Faichney, 1986; 

Owens and Goetsch, 1986)' a more efficient microbial cell synthesis and yield due to increased 

microbial outflow (Harrison et al., 1975) and reduced protozoal predation of bacteria and 

therefore less nutrient recycling in the rumen, resulting in a greater post-ruminal digestion 

(Ushida et al., 1986). Moreover, the liquid phase digesta flow of Puna was twice as high 

compared to its solid phase digesta flow, whereas no appreciable difference in flow rate was 

evident between the respective digesta fractions of Wana. 

There is a general relationship between passage rate of digesta (Table 4.11 and 4.12) and the 

extent of digestion of Puna and Wana in the rumen (viz. OOMAOR: Table 5.5; Laredo and 
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Minson, 1973) that is consistent with the nylon bag digestibility data's extent of digestion 

relative to period of incubation or sample 'retention time' in the rumen (Figure 4.3). It appears 

that the DOMADR of Wana and Puna (revised) was similar (0.70) as a product of digesta flow 

rate (Wana > Puna) and rate of digestion (Wana < Puna) which were 17 vs 27 lId whole 

digesta flow (Table 4.11) and 70% vs 95 % DM degradability at 48 hours incubation, 

respectively. The specific observations made here suggest that the potential degradability of 

Puna in the rumen was not achieved due to a higher digesta flow rate which shifted digestion 

post-rumen. 

The shorter mean retention time of the liquid marker Cr-EDTA (3.4 hours) on Wana despite its 

lower liquid digesta flow rate (8.5 lId) compared to Puna (4.6 hours and 20.2 lId, respectively; 

Table 4.12), requires some explanation. It is likely that this observation was associated with 

differences in digesta load or volume of the liquid and solid fractions, as described by Owens 

and Goetsch (1986); that, if actual outflow from the rumen (mllh) remains constant, an increase 

in (or a higher) rumen volume will increase the fractional passage rate (%/h) . . Conversely, the 

lower volume of digesta flow and a higher fractional passage rate of the liquid phase digesta on 

Wana (i.e. low MRT of Cr-EDTA), may be due to a similar rumen volume for Wana and Puna as 

might be expected in lambs of similar age (Cruickshank, 1986). 

Moreover, Owens and Goetsch (1986) propose that total ruminal fluid volume and the fractional 

passage rate are often negatively related, and the sum effect due to changes in one or the other 

tends to produce rather consistent rates of actual liqUid outflow from the rumen. This could 

reflect a physiological control of outflow at the point of exit or otherwise is due to errors in the 

use of markers which bias volume and fractional passage rate estimates in opposite directions 

(Owens and Goetsch, 1986). The similar MRT of the solid marker, Yb (5.1 hours), on Puna and 

Wana provide some evidence for similar physiological control of solid digesta outflow. It is likely 

that the lambs grazing Puna and Wana were of the same age group and therefore the size of 

their ruminal orifice which regulates outflow of particulate matter was similar (Poppi et ai, 

1980b). However, a bias towards longer M RT can be attributed to error due to transfer or 

migration of marker substances between particles of different digesta pools, confounded by the 

"filter-bed" effect which also differs between diets (Faichney, 1976). As such, direct 

comparisons of marker MRT or digesta passage rates determined by reference to markers can be 

erroneous in particular if the leaf morphology and anatomy are as different as for Puna and 

Wana (Akin, 1986). 
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5.3.2.2 Mean rumen ammonia concentration 

The mean rumen ammonia-N concentration from Puna (156.0 mg/l) and Wana (312.8 mg/l) 

correspond with the difference in N intake of 0.97 (revised: 1.23) and 1.80 g/kgLW/d, 

respectively. This compares with N intake and NH3-N concentrations for pure species spring 

pastures, viz. (gN/kgLW/d and mg NH3-N/I, respectively): prairie grass (0.90 and 189), ryegrass 

(1.24 and 276), white clover (1.74 and 386) and lucerne (2.14 and 556) measured in 12 week 

old lambs (Cruickshank et al.(1992). These rumen ammonia-N concentrations of fresh spring 

pastures are much higher than the minimum concentrations reported for maximum rates of 

rumen digestion (125-194 mg/l: Mehrez eta/., 1977; Odie and Schaefer, 1987), or for maximum 

efficiency of microbial protein synthesis (99 mg/l: Leibholz, 1980), or that required for maximum 

microbial yield (50 mg/l: Satter and Slyter, 1974). Rumen ammonia concentrations on high 

quality fresh pasture diets are unlikely to limit microbial digestion and metabolism. 

However, excessive rumen ammonia concentrations signifies an imbalance in the available 

fermentable energy and rate of dietary N degradation relative to rate of N assimilation in 

microbial cell synthesis (Odie and Schaefer, 1987). Supply of fermentable energy in the rumen 

is unlikely to be limiting on high quality fresh pastures, and the high rumen ammonia 

concentrations seen in the present experiment for Puna, and Wana in particular, suggest 

excessive rates of N degradation per se. 

Forage N is mostly in the soluble form and is readily degraded in the rumen (Mangan, 1982), 

whereas rate of OM digestion depends on indigestibility factors such as the lignin content of 

fibre (Van Soest, 1982) and is therefore most likely to influence the balance of fermentable 

energy to rumen ammonia production. Processes such as drying or inclusion of tannin

containing herbages which reduce N solubility and hence reduce rates of N degradation in the 

rumen, show lower losses of N compared to fresh pastures (Ulyatt and Egan, 1979). 

Another factor which may contribute to the high rumen ammonia concentrations was the lower 

rumen liquid dilution rate as observed for Wana. Significant absorption of ammonia in the rumen 

can occur at pH 7 or above, but usually forage diets exhibit rumen pH < 7 suggesting that 

outflow from the rumen is the likely route for removal of ammonia (Beever and Siddons, 1986). 

However, about 33% of N intake of Wana was lost across the rumen, presumably as ammonia, 

indicating that absorption of ammonia across the rumen wall may be concentration dependent 

(Harrop and Phillipson, 1974). Harrop and Pillipson (1974) suggest that absorption is favoured 

by a rise in pH, since this is associated with an increase in concentration of NH3 , as opposed to 

NH4 +, the unionised molecule having easier access through the epithelium. Only 19% of NI on 
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Puna (revised) was absorbed before the duodenum, which is consistent with the lower rumen 

ammonia concentration (156 vs 313 mgN/Il and high volume of liquid digesta outflow (20.2 vs 

8.5 lid) for Puna compared to Wana (respectively). 

5.3.2.3 

technique 

Rate and extent of rumen digestion estimated with the 'nylon bag digestibility' 

The nylon bag digestibility technique is useful for comparison of different diets for differences in 

rates and extent of rumen digestion (Mehrez and Orskov, 1977). The rate of DM disappearance 

in the rumen for Puna was twice as high compared to Wana during 24 hours of incubation 

(Figure 4.3). This suggests a faster rate of rumen fermentation for Puna; a rate of fermentation 

which may yield energy at a rate matching the rate of rumen ammonia production. Likewise, 

the rate of digestion in the rumen for Wana may have been low relative to energy required for 

the capture of N being rapidly released as ammonia (Van Soest, 1982). 

It should also be noted that the nylon bag estimate of the extent of digestion indicated that Puna 

was ultimately and at any fixed time, more digestible than Wana; ego at 5 hours (equivalent to 

MRT), 35% DM disappeared on Wana vs. 65% for Puna (Figure 4.3), This is contrary to the in 

vitro digestibility estimates which was otherwise flawed (Appendix II). Nonetheless, it should be 

reiterated that although Puna had a higher potential digestibility than Wana, the higher 

volumelrate of digesta passage out of the rumen (26.6 vs 17.3 lid, respectively: Table 4.11). 

may have reduced the extent of digestion for Puna in the rumen, as indicated by the similar 

DO IVIADR value as for Wana (0.70). 

5.3.2.4 Implications for microbial efficiency and yield 

Comparatively, lower mean rumen ammonia concentration and higher nylon bag digestibility 

values for Puna, suggest a more efficient rumen microbial digestion compared to the Wana diet. 

These two indicators and the assumption are consistent with effects associated with high rumen 

dilution rates (Harrison et al., 1975), as implied for Puna compared to Wana using the liquid 

phase marker, Cr-EDTA. Harrison et al. (1975) have shown in adult sheep that increases in 

dilution rate was associated with increased flow of total amino acids and microbial amino acids 

to the small intestine, and an increased efficiency of microbial protein synthesis within the 

rumen. Moreover, Ushida et al. (1986) found an higher efficiency of rumen microbial protein 

synthesis and microbial N flow to the duodenum associated with a higher turnover rate of the 
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rumen liquid phase and a reduced population of rumen fauna (viz. protozoa) in 'sheep; conditions 

which reflect Puna's nutrient digestion and supply relative to intake as shown in the revised data 

of the present experiment. 

Moreover, there are parallels for comparison such as rumen defaunation and the resultant 

reduction in rumen digestion of digestible OM and increased intestinal digestion (Ushida et al. 

1986). It is likely that a higher rumen liquid dilution rate as on Puna had similar effects as 

defaunation; not only by increased outflow of undegraded dietary N and microbial cells with 

passage of digesta, but also from a reduced protozoal predation of rumen bacteria which 

otherwise is responsible for N recycling in the rumen. Thus a reduced N recycling in the rumen 

can be related to lower rumen ammonia concentrations, as was the case in defaunated sheep 

(Ushida et al., 1986) and cattle (Punia et al., 1987). These circumstances are consistent with 

the lower rumen liquid dilution rate and higher ammonia concentrations observed for Wana 

compared to Puna, and further indicate a more favourable site of nutrient digestion and microbial 

protein yield relative to nutrient intake for Puna. 

5.4. Nutrient supply for lamb growth on Puna and Wana pastures 

5.4.1 Nutrient intake, digestion and balance for weaner lamb growth. 

The significantly higher DONII (p <0.001) and duodenal NAN supply (p <0.05) for lambs grazing 

Wana (716.16 and 22.8 g/d, respectively) compared to Puna (428.8 and 18.7 g/d, respectively) 

should have resulted in a greater LWG for Wana, or at least be equal to the LWG on Puna (Table 

4.15). No similar case with such a disparity in nutrient supply and corresponding lamb growth 

within a single experiment can be found in the literature. 

Nonetheless, the present (original) result for the ratio of the duodenal-NAN flow to DOMI on 

Puna (43.5 g/kg) and Wana (31.9 g/kg) provided some explanation for the superior LWG of 

lambs grazing Puna compared to Wana (Komolong et al., 1992). The NAN:DOMI ratio reflects 

the balance in nutrients supply (I.e. amino acid N:ME). which is an important parameter for 

efficiency of utilisation of absorbed nutrients on high quality pastures (Beever et al., 1986b; 

Cruickshank, 1986). 
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Table 5.6: Supply of non-ammonia N (NAN) into the small intestine, in relation to DOMI and 
OMADR in the rumen for animals consuming fresh pasture. 

Reference g NAN/kg DOMI OMADR 

Present results Puna 43.5 85.4 
___ " ___ (revised) a Puna 45.1 77.1 

" Wana 31.9 45.5 

MacRae and Ulyatt (1974) Grass 42.5 72.8 

Legume 39.2 59.8 

Ulyatt and Egan (1979) Grass 43.9 77.6 

Legume 46.4 83.7 

Beever et al. (1985) Grass 36.2 52.6 

Legume 37.0 52.4 

Beever et al. (1 986b) Grass 31.6 44.8 

Legume 45.0 85.5 

Cruickshank (1986) Grass 41.0 79.6 

Legume 45.0 80.8 

a: see Appendix II (Tables A.2 and A.3) and Table 5.4 and 5.5 

The ratios of NAN:DOMI or NAN:OMADR of Puna and Wana (Table 4.15) are generally 

comparable to values previously reported for animals consuming fresh pasture (Table 5.5). 

However, the NAN:OMADR ratio for Wana appears very low compared to Puna and most other 

grasses and legumes, although very similar to Beever et al. (1986b). The low duodenal 

NAN:OMADR ratio of Wana reflects its greater N loss and high rumen ammonia concentrations 

which may be associated with a less efficient microbial protein synthesis, consistent with a low 

volume of rumen liquid passage rate (Harrison et al., 1975; Ushida et al., 1986). The 

NAN:DOMI and NAN:OMADR for Puna appears as good as any other forage can be (Table 5.5). 

Adjustment for effect of low digestibility suspected for Puna (section 5.2) subsequently raised 

intake by almost 60% to 680 gDOMl/d, and the NAN:DOMI ratio from 43.5 to 45.1 comparable 

to legumes (MacRae and Ulyatt, 1974; Beever et ai, 1985) and still higher than for Wana (31.9). 

The revised NAN:OMADR ratio for Puna was reduced compared to the original estimate, but the 

revised value was more realistic compared to reported values for fresh herbages (Table 5.5). 
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5.4.2 Implications for tissue metabolism and efficiency of ME utilisation in growing weaner 

lambs 

The site of digestion and balance of nutrients absorbed and the subsequent effects on efficiency 

of energy and nutrient utilisation at tissue level may be more important in determining animal 

performance than differences in forage digestibility (Sykes and Nicol, 1983). Site of diegstion, 

particularly rumen fermentation and microbial protein yield, are recognised as important 

determinants of efficiency of nutrient utilisation and animal performance (ARC, 1984). 

Moreover, the form of ME with respect to composition of protein and carbohydrate fractions is 

also worth consideration (Poppi, 1983). A higher protein content of ME absorbed is likely to 

result in more efficient utilisation of nutrients at the tissue level, since a higher amino 

acid:energy supply in the small intestine suggests a better chance of meeting the requirement of 

the growing animal (ARC, 1984). The value of NAN:DOMI and the respective lamb growth rate 

in the present experiment imply that the nutrient balance of Puna was better than for Wana, 

especially when intake of the latter was higher. Other factors may also have a bearing on the 

efficiency of tissue metabolism and lamb growth. 

There is the possibility that the high rumen ammonia concentration and N loss on Wana was a 

drain on the available ME due to the energy cost for ammonia conversion to urea and the energy 

contained in urea excreted in urine. In Appendix III it is shown that the energy cost of urea 

synthesis and the gross energy of urea excreted (equivalent to the dietary N loss), represented 

0.84% and 2.52% of available ME on Puna (10.,6 MJME/d) and Wana (11.2 MJME/d)' 

respectively. Urea synthesis and excretion apparently contributed to the lower efficiency of ME 

use for lamb growth on Wana, however, the present values of energy cost for removal of 

excess ammonia production are low compared to the maximum 4% of available ME reported on 

pasture (Geenty and Rattray, 1987). 

Furthermore, urea synthesis consumes aspartate (Appendix 111), and although aspartate is not an 

'essential' amino acid, there may be additional energy costs involved in altered tissue 

metabolism to supply aspartate for this non-productive purpose. Moreover, aspartate being a 

glucogenic amino acid may be used to generate the co-factor NADPH2 required for acetate 

metabolism in fatty acid synthesis (Black, 1990)' otherwise excess acetate is catabolised 

(through the TCA cycle) and much of the energy is expended as heat. This however, is unlikely 

to occur where the acetate:propionate (glucogenic) ratio is low as on high quality fresh pasture 

(Beever et al., 1986b; Black, 1990), such as Puna and Wana. 

Nevertheless, the quantity of digestible OM apparently digested in the rumen (gO MADRId) on 
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Wana (501.6 g/d) indicated that the proportion of total ME absorbed as VFA greater than on 

Puna (300.2 g/d (revised)). In addition, nutrient balance in terms of NAN:DOMI favoured Puna 

(45.1) compared to Wana (31.9), which suggests a higher efficiency of nutrient utilisation (for 

lamb growth) due to a higher protein content of the ME absorbed (Poppi et al., 1987). The 

benefit of increasing the protein proportion of absorbed ME was demonstrated by Barry (1981) 

through post-ruminal infusion of protein to growing lambs fed fresh ryegrass white-clover 

pasture ad lib. Barry (1981) increased total amino acid absorption at the small intestine, 

equivalent to an increase from 0.16 to 0.25 of total ME intake and a correspol)ding 25% 

increase in liveweight gain of lambs. 

Barry (1981) also found that carcass and whole body protein content was increased by 10 g/kg 

with infusion of protein at the abomasum whilst fat content was depressed by approximately 25 

g/kg. High amounts of VFA absorbed may result in a greater deposition of fat than protein and 

a consequently higher energy retention per unit LWG (Rattray and Joyce, 1975). This was likely 

to have occurred on Wana rather than Puna, since lambs grazing Wana had a higher OMADR 

than Puna in the current experiment. Likewise, lambs grazing Puna might be expected to be 

heavier but leaner due to a higher protein (and body water) content in LWG compared to lambs 

grazing Wana. Analysis of changes in body composition per unit gain in liveweight (or carcass 

weight) relative to the site of nutrient digestion and supply may further elucidate the 

discrepancy between nutrient intake and lamb growth from Wana and Puna pastures in the 

present experiment. 
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CHAPTER SIX 

SUMMARY AND CONCLUSIONS 

6.1 Nutritive value of Puna and Wana for lamb growth 

The nutrient composition (viz. %N) and in vitro digestibility of Grasslands Puna chicory and Wana 

cocksfoot indicated a nutritive value consistent with high quality temperate pastures (Ulyatt, 1971). 

The average liveweight gain (LWG) of lambs on Puna (273 g/d) was comparable to lamb growth 

rates previously achieved on legume pastures in spring, whilst 205 g/d LWG on Wana over the six 

week grazing period was low compared to other grasses (Cruickshank, 1986). 

The respective lamb growth rates did not reflect the level of nutrient intake measured for the two 

pastures in the present study, unless adjustment was made to in vitro digestibility of Puna. The 

metabolisable energy (ME) intake of 11.2 MJME/kgLW/d for Wana was 6% higher compared to 

Puna (10.6 MJ/kgLW/d). However, the LWG of lambs grazing Puna compares well with the more 

traditional spring pastures at Lincoln (Cruikshank, 1986) while the LWG of Wana was lower than 

expected for the ME intake in the present study. Nevertheless, the site of digestion data 

compliments the intake data to show that the lamb growth on Puna was associated with a greater 

post-ruminal digestion and protein supply relative to Wana. 

6.2 Site of digestion and nutrient supply 

The ratio of duodenal NAN:DOMI (45.1 g/kg) was comparable to legume pastures (Cruickshank, 

1986) and the low N loss (23% of dietary N) across the rumen for Puna were comparatively 

consistent for the LWG achieved. Conversely, the NAN:DOMI ratio (31.9 g/kg) for Wana was low 

compared to other grasses previously tested at Lincoln (Cruickshank, 1986). Implications that a 

low efficiency of ME use for post-weaning lamb growth on Wana, reflected by the lower ratio of 

protein to energy supply (NAN:DOMI), was further augmented with site of digestion results showing 

a greater extent of ruminal OM digestion (OMADR) and dietary N degradation and loss as ammonia 

N. Moreover, the high N degradation and rumen ammonia concentration on Wana, the latter twice 

as high compared to Puna, was indication of further loss of available ME on Wana for the 

conversion of ammonia to urea. The energy cost of urea synthesis and the gross energy content 

of urea excreted in urine may have excercebated the low effeciency of ME utilisation for lamb 
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growth on Wana. 

The N loss across the rumen for Puna was unexpectedly low (23% of Nil and a tendency to 

compare with forages containing condensed tannins (Waghorn et al., 1987). The present study 

could only show that the low N loss of Puna may be associated with a relatively high rumen volume 

and outflow rate of the liquid digesta fraction. The high moisture content of fresh Puna herbage 

(25% compared to 12% for Wana) could have had an effect on the passage of the liquid digesta 

pool. A related area for further investigation could be the mineral content of Puna (Lancashire, 

1985), and its effect on the osmolarity of digesta and hence the liquid digesta volume and passage 

(Owens and Goetsch, 1986). 

6.3 Options for utilisation of Puna and Wana for lamb growth and future studies 

It should be noted that the lamb LWG on Wana was as high upto 300 gld in the early season (first 

3 weeks) of grazing. Wana could therefore be best utilised for post-weaning lamb growth earlier 

rather than later in spring or in summer. Lamb growth rate for Puna showed no indication of 

declining as the season advanced into summer during the six week grazing period in the present 

study. These results enforce the role suggested for Grasslands Puna chicory as a bulk summer 

green feed of relatively good quality (Rumball, 1986). 

Further reasearch is required to evaluate both Puna and Wana with other classes and specie of 

grazing livestock as well as for post-weaning lamb growth. A study of the composition of LWG (Le. 

ratio of lean:fat deposition) might elucidate the efficiency of ME utilisation for lamb growth on Puna 

and Wana pastures for further assessment of their nutritive value relative to traditional sheep 

pastures in New Zealand. 

Nevertheless, on the basis of the present study Grasslands Puna chicory pasture can be 

recommended as a high quality bulk feed for post-weaning lamb growth to complement the irrigated 

pastures of Canterbury, New Zealand. 

6.4 Conclusions 

There are three specific conclusions that can be made with respect to the objectives of the present 

study: 
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1. On high herbage mass and pasture allowance, Puna can support 30% higher lamb 

growth than Wana pasture. 

2. Lamb growth on Puna and Wana was less related to level of pasture intake than to 

the site of digestion and nutrient supply. 

3. The higher post-weaning lamb growth rate on Puna can be attributed to a lower N 

loss across the rumen than on Wana and a high NAN:DOMI ratio 

comparable to legumes. 
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APPENDIX I 

The .double marker technique for estimating digesta flow rate (passage rate) and nutrient supply 

(A supplement to section 3.7.2) 

1. Theory and Assumptions. 

Oigesta flow rate at the duodenum and nutrient supply viz. OM and N was determined by 

reference to the passage rate of Cr and Yb as described in the double marker technique by 

Faichney (1975). The assumptions to were: 

(1) that Cr-EOT A characterised the liquid phase flow of digesta. and Yb acetate 

associated with the solid or particulate phase, 

(2) that both markers continuously infused into the rumen reached equilibrium 

concentration in digesta and were quantitatively recovered in the faeces and 

(3) absorption of 2% and 6% Cr occured before the duodenum and the rectum, 

respectively. 

It was determined in all SOD lambs on both treatments that the 'whole digesta sample' (0) 

obtained was not representative of 'true digesta' (TO) based on the ratio of the equilibrium 

marker concentration (Faichney, 1975) and hence TO was reconstituted mathematically from the 

relative concentrations of the two markers determine~ in the'fluid' digesta fraction and O. An 

inherent assumption of the method was that equilibrium was achieved and maintained by the 

continuous infusion of the two markers, and that the marker concentration (expressed as a 

fraction of the daily dose per unit of digesta) in digesta flowing past any sampling point must be 

equal. Reconstitution of TO meant mathematically combining proportions of the fluid fraction 

(supernatant) and 0, based the relative marker concentration (ratio) in the respective digesta 

fractions. The mathematical proceedure (Faichney, 1975) is outlined below: 

If x = a quantity of the whole digesta sampled (0) 

y = a quantity of fluid (Le. supernatant: F) which, when added to or removed from x, 

reconstitutes the correct marker ratio of TO, and 

SO,SF,STD = concentration of the solute marker (S) in O,F and TO, and likewise 

PO,PF,PTO = concentrations of the particulate marker (P) in 0, F and TO, respectively; 

then x.SO + yeSF. = x.PO + y.PF, so that 

y/x = (PD-SO)/(SF-PF) = R ................................ , (equation 1) 

where R = reconstitution factor, Le. the number of units of fluid that must be 
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added to (or removed from) one unit of digesta to obtain true digesta 

composition 

then (SD + R"SF)/(1 + R) STD = (PD + R"PF)/(1 + R) = PTD .....•..... " (equation 2) 

and flow rate (lId) of TD = 1/STD = 1/PTD ..................•.. (equation 3) 

2. Digesta flow and nutrient supply. 

The flow of true digesta constituents, viz. OM, Nt and ammonia-N was calculated by substituing 

their respective concentration for that of the marker in Equation 2 and multiplying by the flow 

calculated in Equation 3. Non-ammollia N (NAN) supply at the duodenum was calculated as the 

difference between the flow of total N and ammonia N. Digestible OM apparently digested in 

the rumen (DOMADR) was calculated per lamb as: 

DOMADR = (aMI - Abomasal OM flow)/(OMI - Faecal OM output), where aMI gaM 

intake/d and unit of abomasal OM flow and faecal OM output = g/d. 

3. The Mean Retention Time (MRT) of markers (er and Vb) in the rumen. 

Marker retention time (MRT) in the rumen was determined from exponential decline of marker 

concentration in samples of duodenal digesta collected when the continuous infusion of markers 

was stopped. Duodenal digesta samples were obtained at 3 hourly intervals over 15 hours, the 

period immediately following ceasation of marker infusion. Thus 5 digesta samples were 

obtained per lamb for the 6 lambs on the same treatment. These samples were anlysed for Cr 

and Vb, and the log concentration (C) of each marker was regressed on time (t), for all lambs on 

the same treatment. 

The disappearance of marker concentration was assumed to follow first order kinetics (Faichney, 

1975) as described by the equation below: 

C Co_e-kt
, , , , , , , , , , •• , , , •• , , , , , • , . , •.•.• , •...•• , •. , ..•. , . • . •. (equation 4) 

where C concentration at time t 

Co = concentration at time zero (tal, Le. equilibrium concentration, and 

k dilution rate. 

Log transformation of Equation 4 was done for individual lamb data to obtain k (slope) and Co 

(intercept) within each treatment; i.e.: 

Log C = Co-kt 

The mean marker retention time (MRT) in the rumen was the reciprocal of k, Le.: 

MRT = 11k. 

(NB: The marker flow rate, F (lId) ::::: infusion rate/equilibrium marker concentration). 



120 

APPENDIX II 

A Supplement to Section 5.2.3. 

Adjustments for possible error in the low estimated intake of weaner lambs (SOD and LGR)' grazing 

Puna. Two assumptions ancl justification that provide the basis for adjustment of data (Table A.1) 

are reiterated below. 

ASSUMPTIONS: 

1. No significant error for the low intake was attributed to measurement of faecal output (FO) . 

.Justification: This was due to the fact that FO was estimated from dilution of two faecal 

markers in both LGR and SOD lambs ,viz. Cr and Vb. From the relationship, Intake (I) = FO/(l-D), 

D was a single in vitro digestibility value used to obtain two estimates of intake relative to FO 

measured per Cr and Vb, respectivley. Furthermore, recovery of both forms of Cr and Vb in faeces 

was quite high (average 97.8%; Table 4.7) and FO was corrected for 100% marker recovery, also 

taking into account the effect of diurnal variation (Table 4.8). Thus DMI estimates based on dilution 

of Cr or Yb showed no significant difference (p < 0.05) for both the LGR and SOD lambs (Table 4.9). 

2. The most likely source of error was an underestimated in vitro digestibility, (a single value - see 

above) which may be attributed to an un-representative sampling using oesophageal fistulated 

animals. 

Justification: An error due to estimated FO will result in a proportional error in intake (I 

FO/(l-D), whilst an error in D, due to the divisor (l~D), will result in a much greater error in 

estimated intake (Le Du and Penning, 1982; Corbett, 1981; Cruikshank et ai, 1987). The value of 

D used to derive intake on pasture should be representative of the animals diet, and is best achieved 

by using oesophageal fistulated (OF) companion animals (Corbett, 1981; McManus, 1981). 

However, it was very likely that the normal grazing of OF lambs on Puna was hindered by the 

sampling apparatus and sward structure. This contention was supported by the difference in values 

for in vitro digestibility obtained from herbage samples as OF extrusa or samples collected manually 

(Table 4.3). The in vitro D values obtained from OF extrusa was consistently low by at least 5 

%age units, compared to in vitro D of hand-pluck samples of plant parts observed as the diet 

actually selected by the grazing lamb (i.e. stem & leaves >50 cm; Table 4.3). 

The Puna diet consisted of 90% leaf and 10% stem which would have in vitro OMD (%) of 83 and 

55, respectively (Table 4.3; hand-pluck height> 50cm). Therefore the OMD was probably (0.9 x 

83) + (0.1 x 55) = 80 %, similar to the OMD of stem & leaf >50cm (Table 4.3). On this basis, 

DMD and OMD of 0.77 and 0.80, respectively, were selected as representative of the realistic diet 

(Table A. 1). 
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Table A.1: Adjustments (factors) used correct intake assuming that DOMI was underestimated 

from in vitro DMD and OMD by non-representative OF extrusa samples compared to more 

representative samples collected manually, for the diet selected by LGR and SOD lambs. 

LGR trial 

SOD trial 

SAMPLE 

OF extrusaX 

Manualv 

Correction Factor 

(x/V) 

OF extrusax 

ManualY 

Correction Factor 

r/V) 

DMD (A) 

0.73 

0.77 

0.27/0.23 

1.17 

0.72 

0.77 

0.28/0.23 

1.22 

Mark-up Factors for 

OMD (B) 

0.73 

0.80 

0.27/0.20 

1.35 

0.74 

0.80 

0.26/0.20 

1.30 

(A)x(B) 

1.59 

1.59 

Footnotes: Adjustments of OMI and NI was made from the respective compostion (%OM & %N) relative to the corrected 

DOMI which was based on factors shown in Table A.l for LGR (1.59) and SOD (1.59) lambs. 

The revised DOMI adjustments accounted for error from underestimated OMD with factor 'B' (LGR = 1.35 or SOD = 1.30) 

as well as for underestimated DMD, by taking the product of factors 'A'x'B' (1.59). Since the 'original' DOMI contained 

cummulative errors from underestimated DMD and OMD; ie. in calculations of DMlx%OM OMI and OMlxOMD = DOM!, 

respectively. 

a). For OMI and NI: the product of factor (A) (LGR 1.17 or SOD = 1.22) x 'measured' OMI and NI, was used respectively. 

Since both (OM I and Nil were derived as either %QMxDMI or %NxDMI, both contained error due to underestimated DMD 

used in deriving DMI. 



Table A.2: Corrected DOMADR from adjusted OM intake and digestible OM intake for 
SOD lambs on Puna. Duodenal(d)-OM flow was unaltered8

• 

PUNA 

original data 

revised dataC 

9 aMI 
UkgLW/d) 

25 

36 

9 DOMI 
(/kgLW/d) 

18 

29 

9 d-OM flow 
(/kgLW/d) 

15.6 

15.6 

DOMADRb 

0.5 

0.7 

(0) doOM flow is unaltered here because it was measured independently (Appendix 1) from the procedure for 
estimating intake. 
(b) DOMADR (OMI - doOM flowl/DOMI and, 
/"1 Revised OMI DOMI/OMD from the relationship DOMI = OMlxOMD and the revised DOMI = original 
DOMlx1.59. 

Table A.3: The revised Puna data for N intake and digestion in SOD 
lambs. 

PUNA data 

NI (g/kgLW/d) 

NAN (g/kgLW/d) 

NAN:NI (gig) 

%N loss 

Original 

0.968 

0.951 

0.98 

2 

Revised 

0.77 

23 

a: Revised NI = (revised OMlx%NI/%OM from the relationship NI = DMlx%N where DMI 
is substituted by OMII%OM from the relationship OMI = DMlx%OM (ie. DMI = 

OMI/%OMI. 

b: duodenal NAN flow was not altered as it was measured independently (Appendix I). 
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APPENDIX III 

The conversion of ammonia to urea and its energy cost relative to 

the metabolisable energy (ME) intake for LGR lambs. 

l23 

The formation of urea which takes place in the liver involves two stages, both of which require 

an energy supply in the form of ATP. The first is the formation of carbamoyl phosphate from 

carbon dioxide and ammonia in the presence of carbamoyl phosphate synthase. 

o 0 
II II 

~H31+C02 + H2 ~ l\'1i2 C 0 - f - 0 

~~TPJ 2ADP Carbamoyl ph~sphat,e 
+ 2Pi 

/ 

The carbamoyl phosphate then reacts with ornithine to start a cycle of reactions resulting in the 

production of urea as follows: 

@rea l yornithine~ ~rb~lioyl P}i9EE!:Ht~!iJ 

H 0 . 
2 

Citrlline 
L --G\spartate I 

[ATPI AX 
Fumarate Arglnosuccinate A1{P 

1 mole of ammonia is converted to 1 mole of urea at the expense of 3 moles A TP and 1 mole 

aspartate (which contributes the other 1\1 in the urea molecule). 1 mole of A TP has a energy 

value of 52kJ and the gross energy of 1 mole urea is 23 kJ (McDonald et aI., 1981). Therefore, 

the energy cost of conversion and excretion of one mole of ammonia as urea in urine is: 

(3 A TP x 52kJ/mole ATP) + 23kJ = 156kJ + 23kJ 179kJ/mole ammonia. 
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The estimated ammonia production (Le. equivalent to the %N loss of total N intake: Table 5.2) 

and the energy cost of its conversion plus the gross energy excreted as urea is outline in 

Table A.4. 

Table A.4: The dietary N loss as ammonia N (I\lH 3 -N) and the energy expended thro~gh its 
conversion and excretion as urea. The total energy cost of ammonia conversion and 
subsequent excretion as urea, relative to the metabolisable energy intake (MEl) is derived as 
shown below. 

Puna (revised data) Wana 

N intake (g/kgLW/d) 1.230 1.798 

N loss (%) 23 39 

NH 3-N (g) 7.5 18.7 

NH3 (g) 9.1 22.7 
(moles) 0.5 1.3 

Energy expended 
(kJ/mole NH3) 89.5 282.7 

Metabolisable Energy Intake 10.6 11.2 
(MJMEl/d) 

Energy cost (%.MEI/d) 0.84 2.52 

Worked example (puna): 23% N loss x 1.23g Nl/kgLW/d = 0.28g(x c.27 kgLW) = 7.5g NH3-N/d. Molecular weight 
of NH3 = 17{0.82% N) and 7.5g NH3-N is equivalent to 9.1 g NHa = 0.5 moles NHa. Energy expended = 0.5 moles 
x 179kJ/moie = 89.5 kJ. 
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